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Guidance for noise reduction provided by tree belts
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Abstract

The effects of noise reduction of six tree belts were examined. An amplifier was placed in front of each tree belt, while a
noise meter was placed at various heights and distances behind the tree belt. Net noise reduction effect termed as “relative
attenuation” was obtained by subtracting the sound pressure level at each measurement site behind the tree belt from the sound
pressure level at equal distances over open ground. Five parameters, including visibility, height, and width of the tree belt,
height of receiver and noise source, and the distance between noise source and receiver, were studied. A multiple regression
model demonstrating the order of importance of the five parameters in relation to relative attenuation was developed. The five
parameters were then transformed into three-dimensionless parameters, i.e.,h′: receiver and noise source height/tree height,
d′: distance between noise source and receiver/tree height, andm′: belt width/visibility. By plotting the relative attenuation on
the coordinate axis ofh′, d′ andm′ and curve fitting, a three-dimensionless map of noise reduction by tree belts was formed.
The map can be used as guidance in designing three belts for noise reduction in environmental planning.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Tree belts situated between the noise source and
the receiver can reduce the noise level perceived by
the receiver (Kragh, 1979). Wide tree belts which
exceed 30 m could reduce the noise by 4–8 dB A
(Eyring, 1946; Reethof, 1973; Cook and Haverbeke,
1974). While a wide belt of sparse trees may reduce
the noise effectively, it may not be always practical
in landscape design. In order to investigate the effect
of noise reduction by narrow tree belts, six dense and
narrow tree belts were chosen and the noise reduc-
tion effect behind them was studied. Parameters such
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as visibility in the tree belt (visibility), tree height,
belt width, receiver and noise source height, and the
distance between noise source and receiver (distance)
were included in the observations. Then the above pa-
rameters were transformed into three-dimensionless
parameters to interpret the effect of noise reduction.
Finally, a map showing the relationships between the
three-dimensionless parameters and the effectiveness
of noise reduction were constructed.

2. Materials and methods

2.1. Materials

Six kinds of tree belts which are common as hedges
in Taiwan were chosen for the study. They were grown
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Table 1
Characteristics of six tree belts used in the experiment

Species Tree
visibility
(m)

Tree
height
(m)

Belt
length
(m)

Belt
width
(m)

Interval
(m)

Arrangementa Measuring
site (m)

Receiver and noise
source height (m)

h′-valueb m′-valueb d′-valueb Location

Casuarina nana Sieber
ex Spreng.

0.8 2 100 2 0.3× 0.3 Crossing 7, 12,. . . , 22 0.30, 0.60, 0.80,
1.00, 1.20, 1.40,
1.80

0.15, 0.3, 0.4,
0.5, 0.6, 0.7,
0.9

2.5 3.5, 6.0, 8.5, 11.0 Shin-chu city

Casuarina equisetifolia 1.9 5 80 3 1.5× 1.5 Random 7, 12,. . . , 62 0.75, 1.50, 3.00 0.15, 0.3, 0.6 1.6 1.4, 2.4, 3.4, 4.4,. . . , 12.4 Shin-chu city
Duranta repens

“Golden leaves”
0.8 2.5 50 1.2 0.5× 0.5 Random 7, 12,. . . , 22 0.38, 0.75, 1.50 0.15, 0.3, 0.6 1.5 2.8, 4.8, 6.8, 8.8 Taipei city

Ficus microcarpaL.f.
“Golden leaves”

1.5 3.2 50 3 1.5× 1.5 Random 7, 12,. . . , 32 0.48, 0.96, 1.92 0.15, 0.3, 0.6 2 2.2, 3.8, 5.3, 6.9, 8.4, 10.0 Shin-chu city

Hibiscus rosa-sinensis 1 2.5 60 1.8 0.4× 0.4 Random 7, 12. . . 32 0.38, 0.75, 1.50 0.15, 0.3, 0.6 1.8 2.8, 4.8, 6.8, 8.8, 10.8, 12.8 Chu-don town
Murraya paniculata 1.2 1.2 60 2.5 0.3× 0.3 Random 7, 12,. . . , 22 0.18, 0.36, 0.72 0.15, 0.3, 0.6 2.1 5.8, 10.0, 14.2, 18.3 I-Lan city

a Arrangement: crossing ( ); random ( ).
b h′: receiver and noise source height/tree height;m′: belt width/visibility; d′: distance/tree height.
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on flat areas. The ambient noise was maintained at 48±
2 dB A. Each tree belt exceeded 50 m in length beyond
which belt length has no effect on noise reduction
according toFang and Ling (2003). The characteristics
of the six tree belts are shown inTable 1.

2.2. Experimental design

A centerline was drawn perpendicular to the length
of the tree belt (Fig. 1). Two transecting lines, A and
B, one on each side of and 2.5 m apart from the cen-
terline were then drawn. A noise source was placed on

Fig. 1. Diagram of experiment design: (a) the plan of experimental design; (b) the profile of experimental design.

each of the transecting line at the point 2 m away from
the tree belts. The first noise measuring site was lo-
cated 5 m behind the tree belt on the transecting lines.
Subsequent measuring sites (4–12 as situation permits)
were located at spots with 5 m increments. The noise
source height was the same as receiver height. Various
receiver heights and noise source heights were tested
for each tree belt (Table 1). The sound pressure level
at each measuring site on the two transecting lines
was averaged to obtain the mean. Similar experiments
were conducted on the open ground near each tree belt.
The difference between the mean sound pressure level
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behind the tree belt and that on the open ground at
each corresponding measuring site represents the net
noise reduction, or relative attenuation, due to the tree
belt. The noise source, method of noise measurement,
and the weather conditions used in this study were the
same as previously reported byFang and Ling (2003).

2.3. Visibility measurement

The visibility through the tree belt, i.e., the distance
that an object is obscured by the plants, was measured
to indicate the density of tree leaves and branches
of the belt as suggested byEyring (1946), Embleton
(1963), and Fang and Ling (2003). Researcher A
stood at one side of the tree belt to be measured
while researcher B wearing a white glove stretched
his hand into the tree belts on 10 cm increment until
researcher A was unable to see the white glove. The
distance between researcher A and B (white glove)
at that point was defined as visibility of the tree belt.
Two measurements in meters (m) for each belt were
averaged.

2.4. Study procedure

First, the relative attenuation at each measur-
ing point behind each tree belt was displayed on a
map. Next, a multiple regression model based on the
data was established to show the relative importance
of various factors of the tree belt in noise reduc-
tion. In this model, the dependent factor was relative
attenuation and independent factors were visibility,
tree height, belt width, receiver and noise source
height, and distance. Subsequently, the five param-
eters (independent factors) in the regression model
were incorporated, so that the unit of the incorpo-
rated parameters was nullified. Three-dimensionless
parameters were therefore obtained. They areh′ (re-
ceiver and noise source height/tree height),d′ (dis-
tance/tree height) andm′ (belt width/visibility). The
relationship between relative attenuation andd′ at
various h′ (0.15, 0.3, 0.6) were analyzed. Finally,
a three-dimensionless map using coordinate axisX,
Y and Z to representm′, h′ and d′ was constructed.
The relative attenuation at each measuring site was
plotted on the coordinate axis and a noise reduction
map of tree belts was finalized based on the curve
fitting.

Fig. 2. The noise reduction effect ofCasuarina equisetifoliatree
belt.

3. Results

3.1. Typical distribution of relative attenuation

The relative attenuation at various measuring sites
of the six tree belts had a similar distribution pat-
tern. Choosing a tree belt ofCasuarina equisetifo-
lia as an example, the lower the receiver and noise
source height, the greater the noise attenuation (Fig. 2).
A turning point existed at a distance approximately
40 m. The relative attenuation declined slowly with in-
creasing distance up to the turning point, but declined
rapidly beyond the turning point.

3.2. Multiple regressive model

The standardized coefficient (Beta) in the multiple
regressive model (Table 2) indicated that the order
of relative importance of studied factors was: visibil-
ity, belt width, tree height, receiver and noise source

Table 2
Multiple regression model of tree belts and their noise reduction
effects

Variable Unstandardized
coefficients (B)

Standardized
coefficients
(Beta)

t-value

Visibility −9.28 −2.68 −3.33∗∗∗
Belt width 3.75 1.25 3.88∗∗∗
Tree height 2.22 0.72 3.08∗∗∗
Receiver and noise

source height
−1.35 −0.61 −10.39∗∗∗

Distance −0.06 −0.52 −7.83∗∗∗
Constant 1.83 1.79

R2 = 0.73 F = 54.55

∗∗∗ P ≤ 0.001.
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height, and distance. The visibility, receiver and noise
source height, and distance were negatively correlated,
while tree height and belt width were positively cor-
related with relative attenuation.

3.3. Relationships between h′, d′, m′ and relative
attenuation

Bothd′ andh′ affect the relative attenuation (Fig. 3).
At similar d′, the smaller theh′, the greater the rela-
tive attenuation. Relative attenuation decreased asd′
increased. A turning point existed approximately at

Fig. 3. The noise reduction effect of tree belts with variousd′
and h′: �: Casuarina nana(m′ = 2.5); �: Murraya panicu-
lata (m′ = 2.1); �: Ficus microcarpa(m′ = 2.0); �: Hibiscus
rosa-sinensis(m′ = 1.8); ×: Casuarina equisetiflisa(m′ = 1.6);
�: Duranta repens(m′ = 1.5).

d′ = 8 whenh′ was 0.15 or 0.3. The turning point
was less obvious whenh′ was 0.6. Relative attenua-
tion decreased faster beyond the turning point. A map
showing the effect ofd′, h′ andm′ on relative atten-
uation was constructed (Fig. 4). The relative attenua-
tion was lower at the right-top side and higher at the
left-bottom side of the map. In other words, the rela-
tive attenuation was high whenh′ andd′ were small
andm′ was large.

4. Discussion

When a noise meets a barrier, a noise shadow zone
appears behind the barrier. The noise attenuation is
high inside the shadow zone, but it is lower outside
the shadow zone (Beranek and Vèr, 1992). Therefore,
a receiver in the shadow zone can detect a noise re-
duction effect. The turning point (Fig. 2) found in this
study should represent the edge of the noise shadow
zone.

Tree height and belt width had positive relationships
and visibility had a negative relationships with rela-
tive attenuation (Table 2). This result is in agreement
with that ofCook and Haverbeke (1974)andFang and
Ling (2003). In addition, a negative relationship ex-
ists between the receiver and noise source height and
the relative attenuation (Table 2). Since the tree belt
as a barrier can cause noise diffraction and therefore
lengthen the pathway of the noise, lower receiver and
noise height means higher relative tree height, more
diffraction effect, longer noise pathway, and greater
noise reduction. Negative correlation between distance
and the relative attenuation exists because of rapid de-
cline in noise reduction effect beyond the turning point
or shadow zone.

Tree belts have good noise reduction effect when
d′ ≤ 8, andh′ = 0.15 or 0.3 (Fig. 3). That is, when
the ratio of receiver and noise source height to tree
height is 1:6.6 or 1:3.3, an effective noise reduction can
be expected within a distance of eight times the tree
height. However, the noise reduction effect declines
rapidly with d′ whenh′ = 0.6, and is significant only
within a short distance from the noise source.

The map (Fig. 4) showing the relationships between
three-dimensionless parameters and the noise reduc-
tion effect indicates that smallh′, largem′ andd′ ≤
8 is the effective zone. In other words, a tree belt is
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Fig. 4. The relationship between noise reduction andd′, h′ and m′ dimensionless parameters of tree belts.

effective in noise reduction when both receiver and
noise source height and tree belt visibility are low,
the tree belt is high and wide, and the distance be-
tween the noise source and receiver was less than eight
times that of the tree height. Quantitative data in the
map may be useful for environmental planning. For
example, a noise reduction of 4 dB A is achievable if
m′ = 1.8, d′ = 7 andh′ = 0.3, or m′ = 1.6, d′ =
4 andh′ = 0.1. The former condition is equivalent
to a receiver and noise source 1.2 m high, 28 m away
and a tree belt of 2 m visibility, 3.6 m wide and 4 m
high.

Although the noise reduction by a solid wall bar-
rier has been evaluated in terms of Fresnel number
(Beranek and Vèr, 1992), this study used a different
approach for the tree belts which have many gaps in-
stead of a solid surface. In this work,h′ was used to
evaluate the range of the shadow zone,d′ to assess the
receiver’s location in relation to shadow zone, andm′
to elucidate the porosity of tree belt. By combining

the above three-dimensionless parameters in a map
(Fig. 4). The noise reduction by a tree belt may be
predicted more effectively.
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