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This paper describes a field experimental investigation of the effects of nearby vegetation on the performance of 
roadside noise barriers.  The effects of nearby vegetation (trees, hedges, vines, etc.) are unclear.  It may decrease noise 
levels behind a barrier, either by back-scattering or absorbing sound.  Foliage may also increase noise levels by 
scattering sound which would normally pass above the barrier into the shadow zone.  Field test sites were identified to 
study these effects.  Traffic noise levels were measured simultaneously behind foliage and no-foliage cases and the 
results were compared.  Both increased and decreased noise levels behind the barrier were seen in different frequency 
ranges, with most effects being less than 5 dB. 

1 Introduction 
Many roadside noise barriers are located near 

vegetation of different types.  The effects of this foliage on 
the performance of these barriers have not been well 
established. There are several ways foliage could affect 
sound levels behind a barrier.  When foliage is directly in 
front of or behind a barrier, sound could back-scatter from 
the foliage, reducing noise levels behind the barrier.  Sound 
energy could also be absorbed by the foliage by conversion 
into vibrational energy in the leaves and branches, again 
reducing noise levels behind the barrier.  Noise levels 
behind the barrier could also increase, due to sound which 
would normally pass over the wall being scattered into the 
shadow zone.  If foliage is located several meters behind a 
barrier, the foliage could back-scatter sound and increase 
noise levels at receiver locations between the foliage and 
the barrier. 

Much work has been done on sound propagation 
through foliage.  Sound propagation through foliage has 
been studied using several different techniques.  Bullen and 
Fricke [1] modelled propagation through trees as a classical 
diffusion problem.  They compared their calculations with 
scale model and full scale measurements.  They found that 
significant noise reductions at high frequencies can be 
ac  [2] 
performed measurements and suggested that the high 
frequency attenuation is attributed to scattering and 
absorption, and that the amount of attenuation depends on 
the size and spacing of the trees.  Wunderli and Salomons 

[3] modelled sound reflection at forest edges, using a 
vertical cylinder to model each tree, and incorporated 

(GFPE).  They found that their model agreed with 
measurements, but tended to overestimate the levels above 
1000 Hz.  Swearingen and White [4] also used GFPE, again 
modelling a forest with cylinders; here they modelled the 
canopy as well as the tree trunks, using many smaller 
cylinders.  Again they found a difference between their 
model and measurements above 1000 Hz, indicating that 
the high frequency scattering seen in measurements was 
difficult to model accurately.   

While much work has been done on sound propagation 
through foliage, there have been only a few studies of the 
effects on the performance of barriers located near foliage.  
Cook and Van Haverbeke [5] studied the combination of 
barriers and trees as a method of noise control.  Pine trees, 
3 to 4 m tall, were placed both directly in front of and 
directly behind a 1.4 m wall.  The authors measured the 
total A-weighted sound levels behind different 
barrier/foliage configurations, including bare walls, trees, 
and walls with trees, and compared them with no wall or 
foliage configurations. They found that trees gave 
approximately 4-5 dB of attenuation, while a bare wall gave 
10-11 dB, and trees with a wall gave 13-14 dB.   

Renterghem et al. [6] performed field tests, in which 
measurements behind a noise barrier with and without trees 
were compared.  They did a frequency-dependent study of 
noise levels behind a barrier with and without a single row 
of 8 m tall trees behind it in the absence of wind. The trees, 
which were placed directly behind the barrier, were mainly 
ashes and rowans, with a few oaks and small bushes.  They 
found that, at low frequencies, noise levels were higher in 
the no-trees case, while above 1000 Hz they found that 
noise levels were higher in the treed case, with all effects 
under 5 dB. 

In the previous studies on the effects of foliage on 
noise barriers, little frequency-dependent data was reported.  
However, in studies focusing on sound propagation through 
foliage, the attenuation provided appeared to depend 
strongly on frequency.  Therefore, a full frequency-
dependent study of the effects of foliage on barrier 
performance was performed here. 

Field tests were performed at several locations along 
highways to better understand the effects of nearby foliage 
on the acoustical performance of noise barriers.  Sites were 
chosen which had some configuration of foliage near a 
barrier, as well as a nearby long stretch of bare wall to use 
as a control.  All sites had a fairly steady flow of vehicles, 
the noise sources in the tests.  Noise levels behind sections 
of the barrier with and without foliage were measured 
simultaneously, so that the effects of the foliage could be 
isolated from differences in the results. 

Three sites in southwestern British Columbia were 
identified for these field tests.  The first site was on 59A St., 
adjacent to Highway 17 in Ladner.  The second was along 
Highway 1 near Helmcken Road near Victoria on 
Vancouver Island.  The third was also near Victoria, along 
Highway 17 near McKenzie Avenue.  The barriers were all 
precast concrete with a post and plank construction.  Some 
high-frequency leakage between planks was possible. 

2 Experiments 
The equipment used included a Rion NA-28 sound 

level meter, a Sinus Soundbook and a Larson-Davis 2800 
sound level meter.  Microphones were set up behind the 
barrier, with the height and distance from it varying 
somewhat from site to site, as the terrain behind the barriers 
was not consistent.  However, at each site, microphones 
were located at the same height and distance from the top of 
the barrier during simultaneous measurements at the foliage 
and no-foliage positions, so that differences in noise levels 
could be attributed only to the foliage.  Each microphone 
was calibrated before every test to ensure measurement 
accuracy.  At each test site, a third microphone was also 
placed 1 m above the noise wall to measure the unshielded 
traffic noise so that barrier attenuation could be estimated.  
An estimate was all that was required, so correction for 
source/receiver distance was not done.  In all cases there 
was a fairly continuous flow of vehicles travelling at 
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constant speed.  Equivalent sound levels (Leq
measured in six, five minute intervals over 30 minute 
periods.  The differences in the six samples indicated the 
variability in the sound output.  Noise levels were analyzed 
in third-octave bands from 20 to 20,000 Hz; total linear and 
A-weighted levels were also calculated.   

3 Test sites 

3.1 Ladner 
Figure 1 shows the six locations where measurements 

were taken along 59A St. in Ladner.  The foliage in the 
backyard of 5052 59A St., shown in Fig. 1(a), was cedar 
and 8-10 m high.  The foliage in the backyard of 5040 59A 
St. (cedar, ~10 m high), shown in Fig. 1(b), was similar to 
5052 but was only present above the barrier.  The trees at 
5122 59A St.,  shown in Fig. 1(c),  were deciduous and had 

  

broader leaves (~30 m high, bare trunks to 4 m).  The 
foliage at this location was less dense and less aligned 
along the wall than in the other yards.  The backyard of 
5018 59A St., shown in Fig. 1(d), contained a dense 
evergreen hedge (cedar, ~6.5 m high).  The end of 51st St. 
and the backyard of 5076 59A St. served as the no-foliage 
control locations.  The microphones were nominally set up 
6 m from the barrier, and 1.5 m below the tops of the 
barriers, which were 3 m tall. 
 
3.2 Highway 1 and Helmcken Road 

Two positions were measured along Highway 1 near 
Helmcken Road on Vancouver Island, as shown in Fig. 2.  
At the first location (V1), several large, broad-leafed trees, 
approximately 10 m high, were between the barrier and the 
microphone.  Very close by, there was a stretch of 
approximately 10 m of bare wall with foliage at either end 
(V2).  The ground was quite uneven and therefore the  

   
 

   
 

   
           

Figure 1:  The six test locations in Ladner:  (a) 5052 59A St.;  (b) 5040 59A St.;  (c) 5122 59A St.;   
(d) 5018 59A St.;  (e) End of 51st St.;  (f) 5076 59A St. 
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Figure 2: The two test sites along Highway 1 and Helmcken Road: (a) V1; (b) V2. 
 
 

   
     

Figure 3: The two test sites along Highway 17 and McKenzie Avenue: (a) Vines; (b) No Vines. 
 
microphone height was measured from the top of the 
barrier. The microphones were placed 3 m behind the 
barrier and 1.5 m from the top. 

3.3 Highway 17 and McKenzie Avenue 
The effect of vines (ivy) growing on a noise barrier was 

investigated along Highway 17 near McKenzie Avenue on 
Vancouver Island.  Measurements were performed in two 
locations along a stretch of wall, as shown in Fig. 3: one 
where there were vines growing on the barrier and one 
where there were no vines.  There were trees to the sides of 
and behind the sites.  Thus the microphones were placed 1 
m from the barrier, and 1.5 m below the top. 

4 Results 

4.1 Traffic Noise Consistency 
Figure 4 shows the average A-weighted Leq's in third-

octave bands measured behind the wall at 5052 59A St. in 
Ladner. Very similar traffic noise spectra were obtained at 
the other sites.  The dashed lines are the 95% confidence 

measurements.  Above 600 Hz, the results were quite 
consistent (variation less than ±2 dB) suggesting that 5 
minutes was a sufficient length of time over which to 
average variations in traffic noise.  Accuracy was the 
highest (variation of ±1 dB) where the A-weighted traffic 
noise spectrum peaked around 1000 Hz, which is where the 

noise is perceived to be loudest.  At frequencies below 100 
Hz there were variations of up to ±5 dB. 

 
4.2 Ladner 
The linear and A-weighted Leq's obtained at the six 
measurement locations in Ladner, as well as at the 
unshielded microphone located above the wall, are 
presented in Table 1.  The A-weighted Leq above the wall 
was 13 dB higher than in any of the protected backyards, 
indicating that at these close-in locations, the barrier 
attenuation was at least 13 dB. 

Figure 5 shows the Leq in third-octave bands, averaged 
over the six five-minute intervals for which simultaneous 
noise measurements were made at three locations: 5052 
59A St. (cedar), 5040 59A St. (cedar), and the end of 51st 
St (bare wall).  All three spectra were similar, with little 
variation above 100 Hz.  Below 100 Hz, the traffic noise 
itself was less consistent, likely explaining much of the 
difference in noise levels at these low frequencies.  Above 
1100 Hz,  noise  levels  at the  two  sites  with  foliage  were  
 
Table 1: The un- and A-
and above the noise wall along Highway 17 in Ladner. 
 
 Above 

wall 5052 5040 5122 5018 5076 51st 

Leq 
(dB) 86 74 74 77 76 78 76 

Leq,A 
(dB) 80 63 64 67 62 65 64 

Proceedings of the Acoustics 2012 Nantes Conference23-27 April 2012, Nantes, France

4100



 

 

Figure 4: Average third-octave band A-weighted Leq ( ) 

min period at 5052 59A St. 

 

Figure 5: Leq in third-octave bands averaged over 30 mins 
in the backyards of 5052 59A St.  (cedar, ) and 5040 59A 

St.  
 
slightly higher (by up to 2 dB) than those at the no-foliage 
site,  indicating  that  some  sound  was  scattered  into  the 
shadow zone.  Similar foliage was present at 5040 and 5052 
59A St., so that the small variation in noise levels between 
the two sites was expected.  This foliage had little effect on 
the total A-weighted sound levels behind the barriers, with 

 
Figure 6 shows the average Leq in third-octave bands 

for the other three locations in Ladner: 5122 (broad-leafed), 
5018 (cedar), and 5076 (bare wall) 59A St.  The foliage at 
5018 59A St. was quite different from that of 5122 59A St. 
and so were the Leq levels above 300 Hz.  At mid and 

dB lower than for the no-foliage case at 5076 59A St. 
Here, the foliage was very dense and appeared to back-

up to 8 dB greater than for the no-foliage case above 1000 
Hz.  Here the foliage was very tall and broad-leafed but not 
very dense.  There was wind present during the day, 
possibly causing the foliage to rustle and produce noise.  

 scattering 
 
 
Table 2: Un- and A-

above the noise wall along Highway 1 and Helmcken Road. 
 
 Above wall V1 V2 

Leq (dB) - 71 74 
Leq,A (dB) 80 63 62 

 
 

Table 3: Un- and A-
above the noise wall along Highway 17 and McKenzie 

Avenue. 
 

 Above wall No vines Vines 
Leq (dB) - 70 69 

Leq,A (dB) 73 59 59 
 
 

 

Figure 6:  Leq in third-octave bands averaged over 30 mins 
in the backyards of 5122 59A St.  (broad leaf, ), 5018 
59A St. (cedar,  

 
 
into the shadow zone and wind.  The no-foliage case was 
very similar (within 0.5 dB above 1000 Hz and 3 dB below) 
to the no-foliage case in the previous set of measurements, 
suggesting that the traffic noise was fairly constant over the 
two sets of measurements. 
 

4.3 Highway 1 and Helmcken Road 
Table 2 shows the linear and A-weighted Leq's from 

sites V1 and V2.  Here, the A-weighted Leq above the wall 
was 12 dB higher than in any of the protected backyards, 
indicating that at these close-in locations, the barrier 
attenuation was at least 12 dB.   

Figure 7 shows the Leq in third-octave bands averaged 
over the six five-minute intervals for the two sites.  Above 

at V2 (the no-foliage case) by up to 3 dB.  This additional 
higher frequency noise appears to have resulted from sound 
scattering by the broad-leafed foliage into the shadow zone.  
Below 1000 Hz, back-scattering and absorption of up to 4 
dB appears to have occurred.  The results at V1 and V2 
very closely resemble the frequency-dependent results 
obtained by Renterghem et al. [6]. 

4.4 Highway 17 and McKenzie Avenue 
Table 3 shows the linear and A-weighted Leq's from the 

vine and no-vine locations.  The A-weighted Leq above the 
wall was 14 dB higher than in any of the protected 
backyards, indicating that at these close-in locations, the 
barrier attenuation was at least 14 dB. 

Figure 8 shows the Leq averaged over the six five-
minute intervals for the two different locati
at the vine site were generally lower than those at the no-
vine site by up to 5 dB, apparently due to back-scattering 
and absorption.  However,  between  500 and 1500 Hz,  the  

Proceedings of the Acoustics 2012 Nantes Conference 23-27 April 2012, Nantes, France

4101



 

 
 

Figure 7: Leq in third-octave bands averaged over 30 mins 
from the sites near Helmcken Road, measured 

simultaneously.  V1 is the broad-leafed foliage case ( ) 
and V2 is the no-  

 
 

-1.5 dB higher.  This would appear 
to indicate a small amount of sound being scattered from 
the vines into the shadow zone.  It was seen previously that 
scattering occurs at high frequencies, not limited to a 
frequency band.  It is possible that leakage of high 
frequency sound could have masked scattering effects 
above 1500 Hz. 

5 Conclusion 

Several test sites were identified to test the effects of 
foliage near barriers.  Sound levels (third-octave Leq
measured for 30 minutes in five minute intervals behind 
barriers both with and without foliage nearby.  The 30 
minute average levels for the foliage and non-foliage cases 
were compared to isolate the effects of the foliage.  Sound 
levels were also measured above the barriers, giving an 
approximate unshielded sound level.  From this, the A-
weighted barrier attenuation was estimated; attenuations of 
12-14 dB were seen.   

The results suggest that both foliage-related back-
scattering and absorption, which decrease noise levels, and 
scattering into the shadow zone, which increase noise 
levels, occurred.  Foliage size, height and density, as well 
as sound frequency, affected the impact of the foliage on 
the performance of the barrier.  The following main results 
were found: 
 Above 1000 Hz, tall, broad-leafed trees scattered sound 

into the shadow zone, increasing levels by up to 8 dB.   
 Dense evergreen hedges appeared to back-scatter and 

absorb sound, decreasing levels by up to 5 dB. 
 Less dense evergreen hedges appeared to have effects 

less than 2 dB. 
 Ivy vines growing on a barrier also appeared to back-

scatter and absorb sound at most frequencies, reducing 
levels by up to 5 dB.   

 High-frequency sound leakage between planks of the 
barriers may have masked the effects of sound 
scattering at high frequencies. 

 
 
 
 
 

 
 

Figure 8: The Leq in third-octave bands averaged over 30 
minutes from the no vine (  locations at the 

McKenzie Avenue site, measured simultaneously. 
 

These results have implications for barrier 
effectiveness in the field.  If a barrier is to be built near a 
tall, broad-leafed tree, up to 8 dB of high-frequency 
scattering into the shadow zone should be expected, 
reducing barrier performance.  While this does not have a 
large impact on the total A-weighted sound level, residents 
may find the increased high frequency noise to be more 
annoying.  High frequency scattering was not seen with 
evergreen hedges; if a barrier is to be built near a dense 
hedge, the hedge may increase the effectiveness of the 
barrier by back-scattering and absorbing sound and 
preventing it from reaching the shadow zone.  If the hedge 
is not dense and the leaves are small, the effects of the 
foliage are small. 
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