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Using reverberation time to evaluate the amount of scattered sound energy
from a tree
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ABSTRACT

In urban spaces surrounded by buildings, trees could disperse sound energy, which affect sound level
distribution and street canyon reverberation. Therefore, this paper examines the amount of scattered sound
energy from a tree in open field by means of a reverberation time (RT). Five trees of different species and
crown sizes were considered. The influential factors include crown size and shape, foliage condition, and
source-receiver distance. The results show that RT is proportionally increased with the increase of tree crown
sizes, which is the most determining factor. The maximum RT measured was 0.34 sec at 4000 Hz for the
studied trees in leaf. The presence of leaves increased RT at high frequencies, typically by 0.14 sec at 4000
Hz. With increasing source-receiver distance within 40 m, RT was slightly changed.
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Table 1 Dimensional properties of the trees

Tree 1 Tree 2 Tree 3 Tree 4 Tree 5
Species Oak Oak Cherry Maple Lime
(Q.robur) (Q.petraea) (P.avium) (A.pseudoplatanus) |  (T. xeuropaea)
Tree height (m) 7.7 9.2 11.5 14.9 20.6
Tree crown diameter (m) 6.9 12.3 15.7 19.5 21.5
Crown surface area (mz) 30 43 88 161 218
Leaf size (cm) 12.0(L)x7.5(W) 12.0(L)x7.5(W) 15.0(L)x6.0(W) | 12.0(L)x15.0(W) | 10.0(L)x10.0(W)
Trunk diameter (m) 0.14 0.40 0.42 0.51 0.56
Distance from ground to 1.9 1.8 1.9 2.0 2.0
bottom of crown (m)
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Fig. 1. Diagram for sound paths through a single tree
from a point source to a receiver
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Fig. 2. Impulse responses measured in open field in
the absence and presence of a single tree
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Fig. 3. Decay curves for the five trees with foliage.
Each figure shows the decay curves in
octave band frequencies from 500 Hz to
4000 Hz
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Fig. 4. Effect of the surface area of tree crown with
and without foliage on RT20. Each figure
shows RT20 in octave band frequencies from
500 Hz to 4000 Hz
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