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Abstract

Today, the use of sound barriers is among the common control methods in combating noise pollution. The use of plant
materials as sound barriers, especially in urban spaces, is important due to their ecological, aesthetic and economic
contributions. In this study, four shrub species (Rosa canina L., Syringa vulgaris L., Ribes aureum L. and Platycladus
orientalis L.), which are widely preferred outdoors in Erzurum province, were used as materials. In the first stage, areas
with species with appropriate density, size and volume characteristics were determined. In the second stage of the
research, 20 separate noise measurements were made for 4 different shrub species. Then, statistical analysis of the
measurement results was made. In the final stage, the effects of each shrub species on noise reduction were ranked. The
study concluded that shrub species significantly reduce noise levels. Ribes aureum L. was determined as the most effective
shrub against noise with an effective value of 8.5 dB(A) (10.6%). Based on the measurement results and structural
characteristics of shrub species, the results were compared, discussed and some suggestions were presented to increase
the use of vegetal noise barriers.

Anahtar Kelimeler: Noise Pollution, Noise Barrier, Plant Materials, Shrubs

CALI TURLERI GURULTU KIiRLILIGINI AZALTMAK ICIN BIiYOLOJiK
ONLEM OLARAK KULLANILABILIR Mi?

Ozet

Giintimiizde giiriiltii kirliligi ile miicadelede ses bariyerlerinin kullanimi yaygin kontrol yontemleri arasindadir. Ozellikle
kentsel mekanlarda ses bariyeri olarak bitkisel materyallerin kullanimi ekolojik, estetik ve ekonomik katkilarindan dolay
onemlidir. Bu ¢calismada Erzurum ilinde dis mekanlarda yogun olarak tercih edilen 4 ¢al tiirii (Rosa canina L., Syringa
vulgaris L., Ribes aureum L. ve Platycladus orientalis L.) materyal olarak kullamilmistir. Ilk asamada uygun yogunluk,
biiyiikliik ve hacim ozelliklerine sahip tiirlerin bulundugu alanlar belirlenmistir. Arastirmann ikinci asamasinda 4 farkl
calr tiirii icin 20 ayri giiriiltii 6l¢iimii yapimistir. Ardindan élgiim sonucglarimin istatistiksel analizleri yaptlmistir. Son
asamada ise her bir ¢ali tiiriiniin giiriiltii azaltmasina yonelik etki swralamasi yapilmistir. Calisma ile ¢ali tiirlerinin
guiriiltii seviyelerini 6nemli élgiide azalttigr sonucuna varilmistir. Ribes aureum L., 8,5 dB(A4) (%10,6) efektif degeri ile
giiriiltiiye karsi en etkili ¢cali olarak belirlenmistir. Olgiim sonuglarina ve ¢al tiirlerinin yapisal ézelliklerine dayanilarak
sonuglar karsilagtirilmis, tartisilmig ve bitkisel giiriiltii bariyerlerinin kullaniminin arttirtlmasina yonelik bazi éneriler
sunulmugtur.
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1. INTRODUCTION

With the emergence of noise pollution with the industrial revolution, it has become an increasingly important
environmental problem in direct proportion to the development of technology today. As a consequence of
increasing population density in recent years, this effect is felt more in cities that develop unplanned. Noise
pollution is measured by WHO (World Health Organization) as the third deadliest type of pollution in terms
of human health (Munir et al. 2021; Berglund et al., 1999).

Noise reduction is possible in three different ways. Interventions can be made to the noise source, measures
can be taken between the source and the receiver in case the intervention to the source is insufficient, and
finally, measures can be taken at the receiver (Akay & Onder, 2002).

Preventive work is mostly carried out to reduce and limit the negative effects of noise on people and living
comfort (Doygun & Doygun, 2018). Noise energy can be reduced with plant material as a biological measure
in outdoor spaces (Aylor,1972; Fang & Ling, 2003). In a study conducted, it was emphasized that plants should
be preferred in the establishment of noise screens due to their ecological, aesthetic, and economic benefits, and
researchers have stated that vegetative barriers can reduce noise by up to 12 dB (A) (Onder & Gulgun, 2010).
In another study, on the other hand, it was emphasized that noise screens created with vegetative elements are
cheaper and more aesthetic than noise screens with artificial materials (Gur & Onder, 2000).

There have also been studies on the use of various tree and shrub species related to the effects of vegetated
noise screens (Fan et al., 2010; Ow & Ghosh 2017). In most of the studies, methods are based on the principle
of screening between the source and the receiver. It was stated by Erdogan and Yazgan that every part of the
habitus of plant material is effective in absorbing and spreading sound (Erdogan &Yazgan, 2007). The noise
reduction values of the Pinus sylestris L. and Populus nigra L. grove located around the transit road in Erzurum
were determined by Ozer et al. (Ozer et al., 2008). Mutlu and Onder determined the noise suppression values
of some shrubs growing in Konya (Mutlu & Onder, 2012). Noise measurements were made in parks in Trabzon
province by Ozdemir et al., and it was suggested to use Syringa vulgaris L., Viburnum lantana L., and Acer
pseudoplatanus L. plants at the edges of the parks for noise prevention (Ozdemir et al., 2014).

In the creation of noise-canceling plant screens, it is recommended to include species from the natural
vegetation of the region. This is because natural species can easily adapt to environmental conditions and
exhibit the physical performances expected of them due to their ideal developmental characteristics (Doygun
& Doygun, 2018; Erdogan &Yazgan, 2007; Onder & Kocbeker, 2012).

Today, studies to identify ecological materials that can reduce the sound intensity in noisy environments (Akay
& Onder, 2002, Jamaludin et al. 2021, Zhao et al. 2021, Ganesan & Subbaiyan 2022, Wickramathilaka et al.
2022) continue.

In urban areas and nearby areas where traffic noise is intense, the use of biological vegetative barriers as well
as structural noise barriers is important in terms of ecological, economic, and aesthetic gains as well as
function. In this study;

- Can shrub species be utilized as a biological measure to reduce Noise Pollution?

- Itis aimed to contribute to the literature on this subject by determining the noise reduction levels of
different shrub species,

- It is aimed to encourage/increase the effective use of these plants against noise, especially in urban
landscapes.

2. MATERIAL AND METHOD

The study was conducted in Erzurum, one of the most important cities in the Eastern Anatolia Region of
Turkey, which has the highest and coldest climate (Figure 1). The city is located at an altitude of 1950 m. and
has a population of 756,893. The city has a harsh continental climate. Winters are very cold and snowy, and
summers are hot and dry. Snow covers the city for 150 days of the year (Anonymous, 2022). Having hosted
the 2011 Universiade Winter Olympic Games in Turkey, Erzurum is one of the most important winter tourism
centers with its ski resorts and winter activities.
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ERZURUM

Figure 1. The Location of Erzurum City and Ataturk University

Noise pollution has become an important environmental problem for the city of Erzurum in recent years. The
most important noise sources in the city are roadways with noise levels of 70 dB (A) and above (Yilmaz &
Ozer, 2005). The number of motor vehicles registered in Erzurum in June 2022 was 123,232. The city ranks
3rd among the provinces in the region and 46th in the country in terms of the number of motor vehicles and
automobiles (Turkish Statistical Institute, 2022).

The plants of Syringa vulgaris L. (Lilac), Ribes aureum L. (Currant) and Platycladus orientalis L. (Eastern
thuja), and Rosa canina L. (Rosemary) were used as materials in the study. The selection of these species was
based on the following considerations;

- The widespread use of plants in Erzurum city center,

- Theavailability of examples of these species applied as hedges in different areas for research and their
suitable characteristics in terms of volume, density, and size,

- Some of them (Ribes aureum and Rosa canina) are found in natural vegetation,
- Being easily and economically available in local nurseries,
- The literature lists plants recommended for noise suppression (Elmas & Murat, 2009).

The research method consists of 4 stages. Initially, after a literature review on the subject, a suitable area for
the research was identified. In the selection of the specimens for the measurements, we preferred the hedge
specimens of the shrub species with sufficient width and length, in single rows, unpruned, and in natural form.
Measurements were made between 02:00 and 04:00 on weekdays, when people use the area the least and the
noise is least. An average of 20 measurements were taken at each measurement site.

In a study based on noise measurement, it was mentioned that there is a noise problem in the Atatiirk University
campus (Ozer et al., 2014). For this reason, as a result of the surveys carried out as the study area, the most
suitable area was determined in the garden of the Faculty of Agriculture in the central campus of Atatiirk
University (Figure 2, Figure 3). Below are some characteristics of the measured shrub species (Table 1).
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Figure 2. The Location of Research Area (Google  Figure 3. Test Measurement Points (Google Earth)
Earth)

Table 1. The physical characteristics of the shrubs being measured

Shrub species Diameter (mt) ' Height (mt) Density Shape

Platycladus orientalisL. | 2 4 Normal  Natural
Ribes aureum L. 2.5 2.5 Normal  Natural
Rosa canina L. 15 15 Normal  Natural
Syringa vulgaris L. 2 35 Normal  Natural

In the second phase of the stage, the noise reduction performance of the plants from the source at a fixed
distance was measured. A noise source (water motor) was used to create a constant noise source for the
measurements. The studies of Ozer et al. were utilized in the selection of this method (Ozer et al., 2008). The
noise measurement method used in the study is given in Figure 4.

Sound level meter

oD

Sound source

>

3m | om |

Figure 4. The Method Plan of the Test Measurement

1.4 dB Accuracy IEC 61672 CLASS 2 sonometer was used for noise measurement. Measurements were made
in the summer and at 2:00 am when the noise was lowest. The absence of wind and rain was taken into
consideration while taking the measurement. First of all, it was ensured that the intensity of the sound emitted
by the noise source was close to each other for each measurement. Noise measurements were made at a distance
of 5 m from the noise source, just behind the bush groups (Figure 4). In this study, 20 separate noise
measurements were made for each shrub species, taking into account a previous study (Fan et al., 2010).

In the third stage of the study, the noise values obtained were statistically analyzed. For this purpose, firstly,
the Kolomogrow-Smirnov normality test was applied to the data, and it was determined whether the
distribution was suitable for normal. Then, the differences between the means determined by using the One-
Way Analysis of Variance (One-Way ANOVA) method were examined with the Duncan multiple comparison
test. Statistical analyzes were made using IBM SPSS 20.0 software package program.

Experimental model (Yildiz et al., 2020);
y_ij=puta ite ij

y_ij =i. treatment and j. response variable from repetition
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In the last stage of the study, the difference between the values measured from the bushes and the value created
by the noise source was examined to determine to what extent the bushes reduced the noise.

3. RESULTS AND DISCUSSION

Noise source and averages of 20 noise measurements taken for each bush were determined. The average values
obtained from the measured values of the bushes are subtracted from the average value of the noise source,

and the noise reduction effects of the bushes are presented in Table 2.
Table 2. Noise reduction values of the shrubs

© 00 N o o B~ W NP

A I i e e I i o e =
© O N o 0o M W N Rk O

20

Average -

Differen
ce

Noise
Source

79.2
79.4
80
79.9
80.4
80.2
81
80.6
80.7
81.2
81
80.8
80.9
80.7
81
80.4
80.6
80.4
80.7
80.9

Rosa
canina L.

74.4
74.8
75
74.8
4.7
75
74.9
75
74.9
75
74.6
75.2
75
74.9
74.8
74.6
74.3
747
74.8
74.5
74.8
5.7

Syringa
vularis L.

73.2
74.2
74.3
74.1
74.3
74.5
74.9
747
74.6
4.7
74.8
74.9
745
74.6
4.7
74.9
74.8
747
74.9
75.2
74.6
5.9

Platycladus
orientalis L.

72.9
73.1
73.5
73.4
73.1
73.2
73.3
73.1
73.2
73.4
73.5
73.4
735
73.6
73.2
73.4
73.8
73.6
74
73.7
73.4
7.1

Ribes
aereum L.

72.4
72.6
72.4
72
72.1
71.2
71.4
72.2
72.1
72
72.2
71.9
72.1
71.4
72.1
71.8
72
71.9
72.2
71.1
72.0
8.5

The noise reduction effect of these shrub types in their natural form was examined; in the measurements, it
was determined that the most effective shrubs in noise suppression were Ribes aureum L. with 8.5 dB (10.6%),
Platycladus orientalis L.with 7.1 dB(A) (8.8%), and Syringa vulgaris L. with 5.9 dB(A) (7.3%), respectively,

and Rosa canina L. with 5.7 dB(A) (7.1%) in the last place (Figure 5).
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Figure 5. Noise reduction values of the shrubs

7.1

The differences between the means determined using the One-Way Analysis of Variance (One-Way ANOVA)
method were verified with the Duncan multiple comparison test (Table 3, Table 4).

Table 3. One-Way Analysis of Variance Results

N  Average + Std. Std. 95% Confidence  Minimu Maximu
Deviation Error Limits m m
Lower Upper
limit limit
Noise Source 2 80,5000+0,53410° 0,1194 -- 79,20 81,20
0 3
Rosa canina L. (2) 74’7950f0’22821 0,09?10 74,6882 74,9018 74,30 75,20
Syringa vularis L. (2) 74,5750f0,42287 0,0345 74,3771 74,7729 73,20 75,20
Platycladus 2 73,3950+0,26848° 0,0600 73,2693 73,5207 72,90 74,00
orientalis L. 0 3
Ribes aereum L. (2) 71,9550?0,39931 0,0392 71,7681 72,1419 71,10 72,60
Total 1 75,0440£2,94808 @ 0,2948 74,4590 @ 75,6290 71,10 81,20
8 1
Table 4. Duncan Multiple Comparison Test Results
Grup N  Subset for alpha = 0.05
1 2 3 4
Ribes aereum L. 20 ' 71,9550
Platycladus orientalis = 20 73,3950
L.
Syringa vularis L. 20 74,5750
Rosa canina L. 20 74,7950
Noise Source 20 -
Sig. 1,000 1,000 ,075 1,000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 20,000.
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The values found in this study are important because the effect of noise is logarithmic, and a change of 5 dB(A)
is felt as a doubling or halving of the noise intensity at the ear (Uslu et all., 2000).

In this study, only the noise reduction values of single species of shrubs were determined. The results obtained
support Onder and Gulgun's statement that properly installed vegetative noise screens can reduce noise by up
to 12 dB (A) (Onder and Gulgun, 2010). Shrubs and trees can be used as a single species, or they are preferred
because they increase their effects together (Mutlu and Onder, 2012). In studies investigating the noise
reduction of green buildings, it was shown that denser vegetation would be more successful in reducing noise
levels (Margaritis and Kang, 2017). That is why, in future studies, more effective results can be obtained by
making measurements by forming plant groups in the selection of materials.

The area to be left for the noise source and the vegetative buffer area are very important in noise reduction. In
this study, measurements were made at distances of 5 meters while determining the noise suppression level of
single-species shrubs. It was stated by Ow and Ghosh that the distance for plant curtains should be at least 5
m (Ow and Ghosh, 2017). Erdogan and Yazgan recommend this distance between 6-30 m, while Ozer et al.
emphasized that a wide vegetative buffer can reduce noise more effectively (Elmas and Murat,2009, Ozer et
all., 2008).

The fact that Ribes aureum L. has a dense branch and leaf structure from the soil level is thought to increase
the effectiveness of the shrub in preventing noise (Finke, 1980). Platycladus orientalis L. being evergreen,
branching from the bottom, and tall, was found to be the reason for the high level of noise prevention. However,
since the shrubs at the noise measurement point were not a large enough community, the noise reduction level
was lower than that of Ribes aureum L.

Syringa vulgaris L. is a tall shrub, but the low noise reduction level may be because the lower parts of the
shrub have few leaves and few branches due to a lack of light. Indeed, the results obtained confirm the study
of Finke (Finke, 1980). Rosa canina L., with fewer branches and leaves, especially its shorter stature compared
to other shrubs (Bendtsen, 2010), was considered to be the reason for the lower noise reduction level.

4. CONCLUSION

Many measures (such as planning, technical, biological, educational, legal, etc.) have been emphasized against
noise pollution, but the problem of noise is still current in living spaces. Since structural measures (such as
noise barriers and improvement of road conditions) create more cold surfaces in urban and rural areas, studies
on noise prevention combining structural and biological measures have started to gain intensity.

Located in one of the highest-altitude settlements in Turkey, Erzurum has extreme climatic conditions. As in
the rest of the world, noise is an important environmental problem in Erzurum due to the increasing number
of vehicles and urbanization. This research aims to seek an answer to the question of whether plant material
can be utilized for a more livable comfort in living spaces (such as housing, education, and recreation) as a
biological measure for noise prevention. In particular, whether different types of shrubs, which take up less
space, can reduce the noise level to the desired level has been emphasized. Considering that large areas are
needed for noise prevention zoning with vegetative barriers in cities, shrub species that take up less space have
the feature of being hedge plants and can be easily used as living walls become more important. Syringa
vulgaris L., Ribes aureum L., Platycladus orientalis L., and Rosa canina L., which are frequently used in urban
and rural landscapes in Erzurum, do not occupy much space and grow rapidly, were used for this purpose.

According to the results of the study, it was observed that different shrub species with a width of about 2 m
significantly reduced noise. It was determined that Ribes aureum L. reduced noise by 8.5 dB(A), Platycladus
orientalis L. by 7.1 dB(A), Syringa vulgaris L. by 5.9 dB(A), and Rosa canina L. by 5.7 dB(A). These results
confirm the hypothesis that different shrub species can be effective in reducing noise. Although the noise
reduction level of Platycladus orientalis L. was expected to be higher due to its structural features, it was lower
than Ribes aureum L. This is another important result indicating that, in addition to the structural features of
the shrubs to be used as noise barriers, their use in a sufficiently large group supports an increase in the noise
reduction level.

The plant species used are resistant to cold climatic conditions, easily available, fast-growing, economical, can
be pruned like a wall without occupying too much space, have aesthetic values, and some species are in natural
vegetation, which can contribute to urban biodiversity by supporting wildlife. In the research conducted, it was
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concluded that these plant species could be easily used against noise for different land uses in the city and its
immediate surroundings. Planners and decision-makers have a responsibility for a more livable environment.

Noise reduction levels of 4 different existing shrub species were determined in this research. The
measurements were made in summer and cover the leafy season when plants are planted to reduce noise. As
the method used does not include the responses of the same plant species to noise in winter, the same research
should be carried out during the leafless period (winter months) to determine their effectiveness against noise
throughout the year. During the winter months, the occasional snow cover of shrub groups can also lead to
more positive results in noise reduction. Similarly, in addition to the pure shrub groups used in this study,
measurements of the noise reduction effect can be made with vegetative barriers composed of different shrub
species.

Research is also needed on the use of some summer green shrub species (Berberis vulgaris, Eleagnus
angustifolia, Hippophae rhammnoides, Lonicera tataricum, Sambucus nigra, etc.) as noise barriers, either as
single species/mixed species or in combination with structural elements. It is also very important to use these
species suitable for the ecology of the region for efficient, economic, and sustainable use of resources in the
current climate change scenarios.

Evergreen shrub groups of appropriate width, size, and height in cold climate regions can give more effective
results with the aesthetic values they add to the landscape throughout the year, as well as noise reduction. For
this purpose, along with Platycladus orientalis L. used in the study, some natural (Juniperus excelsa Bieb,
Juniperus communis L, Juniperus oxycedrus L.) and cultivated juniper species (Juniperus virginniana
'Skyrocket', Juniperus virginniana) that are resistant to extreme climatic conditions in Erzurum and cities with
similar climate characteristics. '‘Blue Arrow"), thuja species (Thuja occidentalis 'Smaragad’, Thuja occidentalis
'Pyramidalis") can be used in small spaces. However, there is a need for research to determine the effectiveness
of these plants in preventing noise.

The structural characteristics (number of shoots, leafing status, leaf hardness and size, height, crown width),
environmental requirements, and aesthetic, ecological, and economic values of the plant species to be used in
plant barriers are very important. The width of noise barriers, however, has a direct impact on the reduction of
noise levels. Indeed, in a study (Ozer et all., 2008), it was stated that the noise level of 90 dB (A) can only be
reduced to the acceptable level of 55 dB (A) with a 100 m vegetative buffer. This suggests that to achieve
significant reductions in noise levels with vegetation, vegetative buffering with the noise source should be at
greater distances.

In conclusion, noise pollution, especially from vehicle traffic, is one of the most important environmental
problems that we encounter in most parts of our lives and affects the entire ecosystem for long periods. It was
concluded in this study that noise levels can be reduced by biological measures in areas with heavy traffic and
noise pollution. Technical, planning, educational, and legal measures should be taken as well as biological
measures in living spaces, and the search for more livable, ecological, and aesthetic spaces should continue.

141



Tirkiye Peyzaj Arastirmalari Dergisi

Turkiye :b Turkish 2024, 7:2, 134-143

Peyzaj ~ Journal of .

Arastrmalan ’ Landscape Arastirma Makalesi
Dergisi Research

’ Turkish Journal of Landscape Research

2024,7:2,134-143
Research Article

REFERENCES

Anonymous. (2022). Erzurum Municipality. Access adres (Dec. 23))
https://www.erzurum.bel.tr/IcerikDetay-cografi_ozellikleri/1046/1.html

Akay, A., Onder, S. (2022). An acoustical landscaping study: the impact of distance between the sound source
and the landscape plants on traffic noise reduction. Environment. Development and Sustainability,
24(10),12036-12058. https://doi.org/10.1007/s10668-021-01930-y

Aylor, D. (1972). Noise reduction by vegetation and ground. The Journal of the Acoustical Society of America,
51(1B): 197-205.

Bendtsen, H. (2010). Noise Barrier Design: Danish and Some European Examples. UC Davis: University of
California Pavement Research Center. Access adres: https://escholarship.org/uc/item/7rvOp26¢

Berglund, B., Lindvall, T., Schwela, D.H., WHO. (1999). Occupational and Environmental Health Team.
Guidelines for community noise. Access adres: https://apps.who.int/iris/handle/10665/66217

Doygun, N., Doygun, H. (2018). A research on the use of vegetation barriers in traffic noise control. KSU
Journal of Agriculture and Forestry, 21(4):599-606. http://dogadergi.ksu.edu.tr/en/download/article-
file/502323

Erdogan, E., Yazgan, M.E., (2007). Landscaping to reduce traffic noise problem in cities: Ankara case. Journal
of Tekirdag Agricultural Faculty, 4(2):201-210.

Elmas, E., Murat, E.Y. (2009). Landscaping in reducing traffic noise problem in cities: Ankara case. African
Journal of Agricultural Research, 4(10):1015-1022. http://www.academicjournals.org/AJAR

Fan, Y., Zhiyi, B., Zhujun, Z., Jiani, L. (2010). The investigation of noise attenuation by plants and the
corresponding  noise-reducing  spectrum. Journal of  Environmental Health, 72(8):8-15.
http://www.jstor.org/stable/26328102

Fang, C., Ling, D. (2003). Investigation of the noise reduction provided by tree belts. Landscape and Urban
Planning, 63(2003):187-195. https://doi.org/10.1016/S0169-2046(02)00190-1

Finke, L. (1980). Abilities of Green Areas to Improve Urban Climate and Urban Air in terms of Urban Planning
(Translator: | Aslanboga). I1.U. Forest Fac Journal, 30(2):225-255.

Ganesan, A., Subbaiyan, R. (2022). Development of a Bio-Based Acoustic Barrier for Commercial
Purpose. International Journal of Research in Engineering, Science and Management, 5(1): 144-148.
https://journals.resaim.com/ijresm/article/view/1696

Gur, K., Onder, S. (2000). Noise Pollution in Konya and Biological Precautions to be Taken., 3. GAP
Engineering Congress, 286-294.

Jamaludin, S.M., Hashim, W., Mohamad, Z., N.L. M. K, Lim, A.Y.K. (2021). Plants and Their Noise
Absorption: Identifying most suitable plants to reduce noise via Impedance Tube Data Analysis.
In 2021 2nd International Conference on Artificial Intelligence and Data Sciences, 1-6. IEEE.
10.1109/AiIDAS53897.2021.9574254

Margaritis, E., Kang, J. (2017). Relationship between green space-related morphology and noise
pollution. Ecological Indicators, 72:921-933. https://doi.org/10.1016/j.ecolind.2016.09.032

Munir, S., Khan, S., Nazneen, S., Ahmad, S.S. (2012). Temporal and seasonal variations of noise pollution in
urban zones: a case study in Pakistan. Environmental Science and Pollution Research, 28(23):29581-
29589. https://doi.org/10.1007/s11356-021-12738-8

Mutlu, Z., Onder, S. (2012). Investigation of the Noise Reduction Provided by Bush Belts in Konya,
Turkey. Journal of International Environmental Application and Science, 7(1): 48-54. Access adres:
https://www.jieas.com/volumes/vol121-1/abs12-v7-i1-9.pdf

Onder, S., Gulgun, B. (2010). Noise Pollution and Precautions to be Taken: Herbal Noise Curtains. p:355
Available from https://dergipark.org.tr/tr/pub/zm/issue/52112/680953

142


https://www.erzurum.bel.tr/IcerikDetay-cografi_ozellikleri/1046/I.html
https://doi.org/10.1007/s10668-021-01930-y
https://escholarship.org/uc/item/7rv0p26c
https://pesquisa.bvsalud.org/portal/?lang=en&q=au:%22World%20Health%20Organization.%20Occupational%20and%20Environmental%20Health%20Team%22
https://apps.who.int/iris/handle/10665/66217
http://dogadergi.ksu.edu.tr/en/download/article-file/502323
http://dogadergi.ksu.edu.tr/en/download/article-file/502323
http://www.academicjournals.org/AJAR
http://www.jstor.org/stable/26328102
https://doi.org/10.1016/S0169-2046(02)00190-1
https://journals.resaim.com/ijresm/article/view/1696
https://doi.org/10.1109/AiDAS53897.2021.9574254
https://doi.org/10.1016/j.ecolind.2016.09.032
https://doi.org/10.1007/s11356-021-12738-8
https://www.jieas.com/volumes/vol121-1/abs12-v7-i1-9.pdf
https://dergipark.org.tr/tr/pub/zm/issue/52112/680953

Tirkiye Peyzaj Arastirmalari Dergisi

Turkiye :b‘ Turkish 2024, 7:2, 134-143

Peyzaj Journal of .

Arastirmalan ’ Landscape Aragtirma Makalesi
Dergisi Research

’ Turkish Journal of Landscape Research

2024,7:2,134-143
Research Article

Onder, S., Kogbeker, Z. (2012). Importance of the green belts to reduce noise pollution and determination of
roadside noise reduction effectiveness of bushes in Konya. International Journal of Biological,
Biomolecular, Agricultural, Food and BiotechnologicalEngineering, 6(6):373-376
https://doi.org/10.5281/zenodo.1071085

Ow, L.F., Ghosh, S. (2017). Urban cities and road traffic noise: Reduction through vegetation. Applied
Acoustics, 120: 15-20 https://doi.org/10.1016/j.apacoust.2017.01.007

Ozdemir, B., Bayramoglu, E., Demirel, O. (2014). Noise pollution and human health in Trabzon parks. Studies
on Ethno-Medicine, 8(2): 127-134. https://doi.org/10.1080/09735070.2014.11917627

Ozer, S., Irmak, M.A., Yilmaz, H. (2008). Determination of roadside noise reduction effectiveness of Pinus
sylvestris L. and Populus nigra L. in Erzurum, Turkey. Environmental monitoring and assessment,
144(1):191-197.https://doi.org/10.1007/s10661-007-9978-6

Ozer, S., Zengin, M., Yilmaz, H. (2014). Determination of the Noise Pollution on University (Education)
Campuses: a Case study of Ataturk University. Journal of Ecology, 23(90). 10.5053/ekol0ji.2014.906

Turkish Statistical Institute. (2022). Access adres (Jan 06.): https://www.tuik.gov.tr

Uslu, Senel, G., Kocer, N., Obek, E. (2000) Investigation of noise pollution in Elazig-city. Firat University
Journal of Science and Engineering Sciences, 12(1): 121 - 128.

Wickramathilaka, N., Ujang, U., Azri, S., Choon, T.L. (2022) Influence of Urban Green Spaces on Road
Traffic Noise Levels:-a Review. The International Archives of Photogrammetry, Remote Sensing and
Spatial Information Sciences, 48:195-201. https://doi.org/10.5194/isprs-archives-XLVI1I1-4-W3-
2022-195-2022

Yildiz, N., Akbulut, O., Bircan, H. (2020). Introduction to Statistics Applied Fundamentals — Questions with
Solutions and Answers. Erzurum Culture Education Foundation, Feb. Press: Zafer Media Group 14th
Edition.

Yilmaz, H., Ozer, S. (2005). Evaluation and analysis of environmental noise pollution in the city of Erzurum,
Turkey. Int J of Environ and Pollut., 23(4): 438-448. http://dx.doi.org/10.1504/1JEP.2005.007606

Zhao, N., Prieur, J.F., Liu, Y., Kneeshaw, D., Lapointe, E.M., Paquette, A., Smargiassi, A. (2021). Tree
characteristics and environmental noise in complex urban settings—A case study from Montreal,
Canada. Environmental Research, 202,111887. https://doi.org/10.1016/j.envres.2021.111887

143


https://doi.org/10.5281/zenodo.1071085
https://doi.org/10.1016/j.apacoust.2017.01.007
https://doi.org/10.1080/09735070.2014.11917627
https://doi.org/10.1007/s10661-007-9978-6
http://dx.doi.org/10.5053/ekoloji.2014.906
https://www.tuik.gov.tr/
https://doi.org/10.5194/isprs-archives-XLVIII-4-W3-2022-195-2022
https://doi.org/10.5194/isprs-archives-XLVIII-4-W3-2022-195-2022
http://dx.doi.org/10.1504/IJEP.2005.007606
https://doi.org/10.1016/j.envres.2021.111887

