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Abstract 
Along with the strong movement towards sustainable urban environments, there is an increasing use of green 
roof systems, including the semi-extensive green roofs, which are composed of lightweight layers of free-
draining material that support low-growing, tough, and drought-resistant vegetation. Various kinds of green roof 
systems are also used at street levels, on the top of underground car parks, for example. To predict the sound 
fields in street canyons, it is important to demonstrate the acoustic effect of such green roof systems, especially 
considering diffracted sound waves. In this study, therefore, a series of measurements of sound pressure level 
were carried out in a semi-anechoic chamber using 20 green roof trays which consist of the Zinco substrate with 
a depth of 100mm and low-growing vegetation. To consider a low-profiled structure in urban areas, a box with a 
height of 1200mm was located on the ground, and the trays were installed on the top of the box. As experimental 
parameters to verify the effects of the green roof system on noise abatement for diffracted sound waves, the 
structure, area and position of the green roof system, and the type of vegetation were considered. The 
experimental results demonstrate that the green roof system at street levels can be effectively used to mitigate 
noise in urban spaces for diffracted sound waves. 
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1 Introduction 
Green roof systems in urban areas have become widely used for sustainable urban environments. It 

has been well recognised that green roof systems have numerous positive effects on ecological and 
environmental aspects. For example, they make it possible to secure urban biodiversity, mitigate air 
pollution, and increase life cycle of buildings [1-3]. 

In the aspect of acoustic advantages, green roof systems have been regarded as an important 
structure to reduce noise pollution in urbanised areas such as street canyons. In street canyons, the 
amount of sound energy propagating over rooftops from noisy sides to quite sides is mainly 
determined by the height and width of buildings. In this case, green roofs on the top of buildings can 
be assumed as absorbers especially for diffracted sound waves between parallel streets. Therefore, 
some researchers have studied the effect of green roofs in street canyons on noise reduction [4-6]. The 
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results from these studies indicate that green roof systems have a certain effect on noise mitigation, for 
creating quiet sides. 

At street levels, various kinds of green roof system can also be used. For example, semi-extensive 
green roof systems can be installed on the top of car parking spaces. In particular, green roof systems 
which support low-growing, tough, and drought-resistant vegetation can be installed in many places 
instead of grass land at street levels due to various reasons such as better visual aesthetics. 

In this study, a series of measurements were carried out using the green roof system which consists 
of the Zinco substrate with a depth of 100mm on a box of a height of 1200mm, to demonstrate the 
effect on noise reduction at street levels for diffracted sound waves. As experimental parameters, the 
structure, area and position of the green roof system, and the type of vegetation were considered. 

2 Experimental method 

2.1 Properties of the green roof system 
A green roof system which was set up in the spring of 2007 was used in the experiment. This green 

roof system was comprised of 600mm 400mm 280mm outer sized plastic trays. The tray consisted 
of 25mm drainage layer on the bottom, geotextile membrane over this as a filter layer preventing small 
particles from the growing media, which may cause obstruction of drainage layer, and plastic sheets as 
walls, and were filled with 100mm of growing media. Figure 1 shows the components of the tray. 

 

     
 

Figure 1 - Components of the tray 
 
 
The Zinco commercial substrate (based on crushed recycled bricks and organic contents) were used 

as the growing media. This Zinco substrate was a mixture of Zinco sedum carpet substrate and Zinco 
roof garden substrate, with a ratio of 1:1. The physical properties of the substrate used in the study are 
given in Table 1 and Table 2. 

 
Table 1 - Physical properties of the mixed Zinco substrate 

 

 
Loose bulk 

density 
(g/cm3) 

Bulk density 
at saturation 

(g/cm3) 

Increase in  
bulk density  

(%) 

Air filled 
porosity  

(%) 

Water holding 
capacity* 

(%) 

Zinco 
substrate 1.02 1.26 23.47 33.52 26.6 

280 mm 

400 mm Drainage layer 

Geotextile 

Growing 
media  

Plastic sheet 
as walls  

600mm 
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Table 2 - Product data of the sedum carpet and roof garden substrate* 

 Sedum carpet substrate Roof garden substrate 
Granules of < 0.063mmØ ≤7% ≤20% 
Granules of < 4mmØ ≥25%  
Organic content ≤4%  
Porosity 63% 64% 
Dry weight 980kg/m3 930kg/m3 
Saturated weight 1240kg/m3 1400kg/m3 
Maximum water capacity 25% 46% 
Air content at saturation 38% 18% 
Water permeability ≥0.1 cm/s ≥0.034 cm/s 
* Source: Alumasc product data sheet 

 
In this test, 20 trays were used in total. The mean weight for each tray was recorded as 24.0kg. Each 

tray has been planted with 9 native forbs individuals originating from calcareous grassland habitat as 
shown in Figure 2. However, rare plants existed due to non-planting season, except for a few trays. 

 

Figure 2 - Example of actual arrangement of plants in a tray 
 
To evaluate the acoustic effect according to the types of vegetation, pruned fresh leaves (Buxus 

sempervirens), and 100% polyester cotton were applied, as shown in Figure 3. The polyester cotton, 
with a mean weight of 159.5g per tray, was used to simulate an extreme condition on sound absorption 
by vegetation growing on green roof systems, and it was filled into trays with a depth of 120mm 
approximately. The pruned Buxus sempervirens, for simulating a maximum density condition of 
leaves on green roof systems, have leave sizes ranging from 8mm to 30mm long and 5mm to 13mm 
wide, with 606.8g in mean weight per tray, and the filling height was the same as the cotton. 

 

     
 

(a) Pruned fresh leaves                                             (b) polyester cotton 
 

Figure 3 - Two types of artificial vegetation used in the experiment 

1. Helianthemum nummularium 6. Linaria vulgaris 

2. Clinopodium vulgare 7. Knautia arvensis 

3. Hypochaeris radicata 8. Leucanthemum vulgare 

4. Agrimonia eupatoria 9. Origanum vulgare 

5. Pilosella aurantiaca  
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2.2 Experimental condition 
The experiment to evaluate the acoustic effects of green roof systems at street levels has been 

carried out in a semi-anechoic chamber which has a size of 3500mm(W) 3500mm(L) 2400mm(H). 
As a low profiled structure at street levels, a box which has a size of 1600mm(W) 3000mm(L) 

1200mm(H) was located on the ground. The box was made using wood tables, and MDF boards 
were installed at the front, side and rear parts of the box to stop flanking sound transmission. For the 
front and rear walls, additional extended MDF boards were installed to perfectly prevent the sound 
transmission through side paths of the box, and the boards extended between two wedge absorbers. 
Figure 4 shows the schematic diagrams of the experimental condition. 

The 01dB Symponie was used for data acquisition, which has a two channel microphone system. 
The two 1/2 inch microphones were positioned at 200mm distance from the rear wall, and the height 
of the receivers was 1600mm and 1000mm, which can be regarded as an average person’s standing 
and sitting heights on street, respectively. An omni-directional loudspeaker, which was connected to 
an amplifier to generate white-noise, was located on the ground with vibration isolation materials and 
it was at 100mm from the box. This height of the loudspeaker was considered to simulate road traffic. 
The green roof trays were positioned on the box with a maximum of 5 rows by 4 columns. 

 

 
(a) Cross section 

 

 
(b) Ground plan 

 
Figure 4 - Schematic diagrams of the experimental condition 
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2.3 Verification of noise control through flanking transmission paths 
To measure sound pressure level (SPL) in laboratory condition, sound transmission propagating 

through flanking paths against a direct/diffracted path should be controlled to obtain reliable results. In 
this experiment, possible flanking transmission paths can be divided mainly into two paths: a path 
through the box which is the shortest path, and paths through the sides of the box. 

In terms of the flanking path through the box, leakages on the walls can strongly affect the 
experimental result. Therefore, gaps on the walls were well sealed using rubber materials and adhesive 
tapes, and there were also three layers of absorbers in the box. To demonstrate the effect of leakages, a 
panel of 300mm high and 1200mm long was installed on the top edge of the box (see Figure 4). The 
SPL between with and without the panel is shown in Figure 5. It is demonstrated that the sound energy 
through the leakages has a negligible influence on the measured SPL through a direct/diffracted path. 

 

 
Figure 5 - Comparison of SPL between with and without the 300mm panel 

 
The sound energy from the right and left side grounds of the box can also have an influence on the 

measurement of SPL. Therefore, the SPL according to the amount of absorbers on the side ground was 
also measured at 1600mm and 1000mm heights. To demonstrate the influence of side ground 
reflections, the coverage percentage of absorbers on the side ground, which have 600mm high wedges, 
was set up as 0, 50, 75 and 100%. Figure 6 shows the experimental result according to the coverage 
percentage of absorbers on the side grounds. 

 

 
(a) Receiver at 1600mm                                                            (b) Receiver at 1000mm 
 

Figure 6 - SPL according to the coverage percentage of absorbers on the side grounds 
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The results in Figure 6 indicate that there are only slight differences on SPL at low frequency. This 
suggests that sound transmission energy from the side ground reflection is relatively weak compared 
with that from the direct/diffracted path. In this experiment, consequently, the 75% coverage of 
absorbers on the side grounds was selected. 

3 Experimental parameters 

3.1 The structure of the green roof system 
Green roof systems in urban areas have multi-layer structures which are usually composed of a 

drainage, filter, substrate and vegetation layer. In this study, the multi-layer structures were placed in a 
small plastic tray. Therefore, the SPL due to the physical shape of the trays should be measured, to be 
used as reference values for examining the noise reduction by the substrate and vegetation. Therefore, 
experiments were carried out for the empty trays from 1 row to 5 rows. Figure 7 shows the 
experimental condition of the empty trays without the plastic sheets. 

 

 
Figure 7 - Empty trays without plastic sheets 

 
Although empty trays have been rarely used in actual applications, they may have similar effects as 

rib-like structures, for attenuating traffic noise [7]. In this study, therefore, experiments of some 
structures of the empty trays that are determined by the height of plastic sheets surrounding the 
periphery parts of the trays were carried out. In the test, three heights of plastic sheets, 0mm, 80mm 
and 130mm were installed at 1st row using 4 trays, as shown in Figure 8. 

 

 
    Figure 8 - Empty trays with plastic sheets surrounding the periphery parts 

Plastic sheet 
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3.2 The area of the green roof system 
At street levels, the area of green roof systems is usually regarded as one of the important factors to 

mitigate noise. To demonstrate the influence of the green roof area on noise attenuation for diffracted 
sound waves, a series of measurements were conducted for the green roof system. The number of rows 
of the trays used in the experiment was from 1 to 5, which means that the number of trays was from 4 
to 20. Figure 9 shows the experimental condition to measure the SPL according to the variation of 
green roof areas. 

 

 
     

Figure 9 - Experimental condition with different green roof areas 

3.3 The type of vegetations on the growing media 
As mentioned above, two types of artificial vegetation, including pruned fresh leaves and polyester 

cotton, were used to confirm the acoustic effect of leaves on the growing media. The experiments were 
carried out using 1 row only, for relative comparison. 

 

  
(a) Pruned fresh leaves                                                   (b) 100% polyester cotton 

 
Figure 10 - Experimental conditions to verify the acoustic effect of leaves 

3.4 Effect of the position of the green roof system 
As one of the parameters, the position of the green roof system was examined because it might be 

useful to decide the optimum position of the green roof trays on the box for noise reduction. In this 
study, the effect of the position of the green roof system was investigated using 1 row of the trays with 
pruned fresh leaves. The positions were set up as the front (1st row), centre (3rd row) and end line (5th 
row) of the box. 

5 rows 

4 rows 

3 rows 
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4 Experimental results and discussions 
In this experiment, a series of measurements in the semi-anechoic chamber on various parameters 

mentioned above were conducted to verify the acoustic effect of the green roof system on the low 
profiled structure at street levels. 

To use as reference values for determine the noise reduction by the substrate and vegetation, the 
measurement for the empty trays without the plastic sheets was carried out from 1 row to 5 rows.  The 
measurement results at two receiver positions are shown in Figure 11. 

 

  
(a) Receiver at 1600mm                                                              (b) Receiver at 1000mm 
 

Figure 11 - SPL of the empty trays without plastic sheets according to the number of rows 
 

Figure 11 indicates that the empty trays without the plastic sheets have an important effect on noise 
reduction at above 1 kHz, due to its physical shape. Moreover, it can be observed that the effect of the 
empty trays on noise reduction is gradually increased with increasing number of rows at both receiver 
positions. On the other hand, the SPL at low frequencies remains almost the same with increasing 
number of rows. 

As part of module green roof systems, the trays can be regarded as periodic structures to reduce 
noise. Therefore, the experiment to verify the effect of the trays on noise control was performed for 
the three types of structures with 0, 80 and 130mm plastic sheets surrounding the periphery parts of 
the trays using 1 row. Figure 12 shows the measurement results. 

 

 
(a) Receiver at 1600mm                                                            (b) Receiver at 1000mm 

 
Figure 12 - SPL according to the height of plastic sheets surrounding the empty trays of 1 row 
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The result in Figure 12 shows that the empty trays with plastic sheets have an effect on noise 
reduction both at standing and sitting heights. Therefore, it is considered that sound from traffic road 
in terms of diffracted sound waves can be controlled effectively if the size and height of trays are well 
calculated. 
    The effect of the area of the green roof system with the substrate and vegetation as one of the 
parameters was evaluated by measuring the SPL according to the variation of the number of rows, as 
mentioned above. This is shown in Figure 13, where the SPL means the relative value compared with 
the SPL using the empty trays for each row. 
 

  
(a) Receiver at 1600mm                                                         (b) Receiver at 1000mm 
  

Figure 13 - Noise reduction according to the variation of the area of the green roof system 
 

The experimental results in Figure 13 reveal that the green roof system on a low profiled structure 
in urban areas can have a significant effect on noise reduction, even by more than 10dB approximately 
at specific frequencies. The graphs also suggest that the effect on noise reduction is gradually 
increased with increasing area of the green roof system. Overall, it can be concluded that green roof 
systems on low profiled structures can reduce noise especially at mid and high frequency ranges for 
diffracted sound wave at human’s standing and sitting heights. 
    To verify the effect of leaves on noise attenuation, the SPL with pruned fresh leaves and polyester 
cottons are measured respectively. The measurement results at two receiver heights are shown in 
Figure 14. 
 

 
(a) Receiver at 1600mm                                                           (b) Receiver at 1000mm 

 
Figure 14 - SPL considering possible effects of vegetation types 
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For the trays with the pruned fresh leaves, it can be seen that the dense leaves have a slight effect on 
noise attenuation. Below 3.15 kHz, it is noted that the SPL of the trays with the leaves is slightly 
higher compared with that of the trays without the leaves. Above 4 kHz, conversely, some 
improvements on noise reduction by the leaves are observed. These effects are perhaps due to the 
sound scattering by the leaves. The experimental result for the trays with the cotton suggests that there 
are still possibilities to reduce noise level further if the vegetation layer is ideally designed. 

Figure 15 shows the experimental results on the effect of the position of 1 row of the trays with the 
pruned leaves. It can be seen that the SPL has different patterns according to the position of the trays 
of 1 row, depending on frequency ranges. At low frequency ranges, trays positioned at the end line (5th 
row) gives the strongest effect on noise reduction. When the trays are positioned at the centre line (3rd 
row), a significant noise reduction is observed at middle frequency ranges. At the front line (1st row), 
the SPL at high frequencies is considerably changed. 
 

 
(a) Receiver at 1600mm                                                     (b) Receiver at 1000mm 

 
Figure 15 - SPL according to the position of the green roof system for 1 row 

5 Conclusions 
In this study, a series of measurements of SPL in the semi-anechoic chamber were carried out to 

demonstrate the effect of green roof systems on noise abatement at street levels, considering diffracted 
sound waves propagating through a low profiled structure. For green roof systems, trays which are 
composed of the Zinco substrate with a depth of 100mm and low growing vegetation were applied. To 
verify the acoustic effects of the green roof system, four experimental parameters were considered, 
including the structure, area and position of the green roof system, and the type of vegetation.  

The experimental results on the effect of the structures of the green roof trays suggest that the trays 
can disperse sound energy from diffracted sound waves effectively and further theoretical approach 
could be made to design this to an optimal condition. With different areas of the green roof system, a 
noise reduction of over 10 dB was observed. The effect on noise reduction was gradually increased 
with increasing number of rows of the trays. The experimental results with the pruned leaves show 
that dense leaves have positive effects on noise mitigation mainly at high frequencies above 4 kHz but 
it was observed through the experimental results using polyester cottons that there is still a scope for 
further improvements. In terms of the acoustic effects of the position of the green roof system, the 
measurement results suggest they sensitively affect the pattern of noise reduction at different 
frequency ranges. 
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