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ABSTRACT

This study was carried out in the Saravan Forest Park in north of Iran. The sound level measurements were
performed at 12 stations and at distances of 3, 100, 200, 400 and 1000 m from the sound source with three
replicates, in the summer and in traffic hours from 10 AM to 2 PM an area without tree cover was selected as the
control station. The results indicated that sound intensity at first distance (3 m) with the mean of 77.81 decibel
(dB) exceeds the national standard of Iran. In this study, the first significant decrease in the sound intensity was
obtained at a distance of 100 m, with the highest reduction of 26 dB for station 10, while the lowest decrease was
found at station 11 with 8 dB. In an overall summary, distances less than 200 m are not suitable for tourism
accommodation. The average sound intensity at distances in comparison with the permissible value indicate that
the park does not currently have any noise pollution at more than 200 m in summer.
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INTRODUCTION

Road development is known one of the main parts of the urban and industrial development process. The growing
trend of transport has made the roads as one of the main source of the noise pollution (Karbalaei et al. 2015). For
many Yyears, this has been a matter for world organizations and researchers interest (Berglund et al. 2000). The
Increasing reports of devastative effects of noise pollution cause the related organizations to prioritize the control
of this pollutant in development plans based on their economic and ecological conditions (Ozdemir et al. 2016;
Ow & Ghosh 2017). The studies have shown that being in the exposer in excess of permissible limits for a long
time can have irreparable effects on human health (Tonne et al. 2016; Gil-Lopez et al. 2017). Nowadays, for
residents of neighborhoods near the roads noise-induced complications have become a big challenge in their lives
(Maleki & Hosseini 2011). The issue of noise has been introduced since 1972 as a pollution by the World Health
Organization. Today, with the quantitative and qualitative increase of noise pollution sources in the environment,
not only this issue is addressed as a health problem for people's health in many societies, but also it has become a
major environmental problem, especially in developing and industrialized countries (Gidl6f-Gunnarsson &
Ohrstréom 2007; Sakieh et al. 2017). Although, attention to sound reduction in industrial processes and design of
machines and cars, has been one of the priorities, due to the increased sources of sound, this pollution is still
considered as one of the hazards for the health of the society (Yang et al. 2011). Research shows that exposure to
sounds higher than 65-80 dB, in addition to being directly harmful to the human ear, can also lead to various
diseases, by disrupting the mental concentration and bringing about individual stresses (Egan 2007). In different
studies, the most common side effects of noise pollution were reported, including sleep disorders, anger, anxiety,
exacerbation of cardiovascular diseases, increased stress and hearing system damage in humans (Weber et al.
2014; Gil-Lopez et al. 2017).
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Studies also show that noise can affect behavior and distribution patterns of wildlife (Francis et al. 2012; Ow &
Ghosh 2017). Due to various sources of noise pollution such as: industrial activities land and air transportation
and owing to its harmful effects on the human health and other living organisms, the noisy regions need to
environmental quality assessment. Since a significant proportion of noise pollution pertains to road, several
measures have so far been taken to create a buffer zone, to construct artificial barriers and to use vegetation to
reduce road noise pollution (Kalansuriya et al. 2009; Margaritis & Kang 2017). Among the natural and artificial
barriers for reducing noise pollution, the use of vegetation cover and in particular tree cover, in addition to having
an effective role in reducing the amount of noise pollution, and also have an optimistic psychological effects on
the spectator and passengers. On the other hand, the role of refining other pollutants such as gas pollutants and
particulates, as well as the production of oxygen and the increase in the quality of the environment by different
plant species, have always been reported (Mok et al. 2006; Gil-Lopez et al. 2017). The control of noise pollution,
like air pollution, should be considered precisely at the planning stage and the preparation of comprehensive plans
(Weber et al. 2014). For many years, trees have been used to reduce noise pollution in various industrial, urban
and intersectional areas, depending on the type, height, density, position and weather conditions of the region.
(Fang & Ling 2003; Tyagi et al. 2013). This has always been a concern due to the improvement and modification
of microclimate conditions, especially in cities and parks, despite the high cost of maintenance (Pathak et al.
2011). Studies have shown that deciduous trees play a more effective role than the evergreen trees in reducing the
sound level, and the amount of noise reduction is significantly reduced in the fall season (Van Haverbeke & Cook
1975).

Other factors of sound reduction are the size of leaf (in broadleaf trees), plant density, tree height, branches
flexibility, species diversity, age of species, trunk diameter and even the amount of produced gum (Fang & Ling
2003; Maleki & Hosseini 2011). Considering that among the barriers to sound reduction, the use of vegetation
has always been a priority; this study examines the effect of tree cover on reducing noise pollution in northern
region of Iran. Due to average annual rainfall of 1366.64 mm in the area (Pourbabaei & Abedi 2011), maintenance
costs of this park would be less than the other parts of the country. Saravan Park is located beside the Rasht City
as the capital of Guilan Province, and adjacent to Rasht-Qazvin Highway, which has always attracted a large
number of travelers and tourists, so attention to environmentally friendly methods for reduction of noise pollution
at this recreational place is essential.

The study area attraction

Saravan Forest Park is located between the longitude 49 37° 30" and 49 04 30" and latitude 37 05 35" and 37 37’
12". According to Figs. 1 and 2, it is located in north of Iran and the southern part of the Caspian Sea (Limaei et
al. 2016). The park with an area of 1487 ha has a high diversity of species. About 89.57% of the park space has
tree and shrub coverings. Saravan Park is located at an altitude of 50 to 250 m above sea level. Of the total area
of the park, 210 ha have been protected, while 521 ha have been devoted to extensive tourism and 756 ha to a
centralized tourism. The northern and southern lengths of Saravan forest are 7600 km and its average width is 2
km in the east-west direction. One of the major tree species in this area is oak, Quercus castaneifolia; hornbeam,
Carpinus betulus Linnaeus; alder, Alnus sp.; ash, Fraxinus excelsior Linnaeus; maple, Acer velutinum; and Persian
ironwood, Parrotia persica (de Candolle., C.A. Meyer) (Shirzadi et al. 2015; Limaei et al. 2016).

The park is located 17 km from Rasht metropolitan capital, Guilan Province, and the Rasht-Tehran Highway,
which connects these two cities to each other and is located at east of the park (Pourbabaei & Abedi 2011).

MATERIALS AND METHODS

In order to investigate the effect of tree cover on reducing noise pollution in the studied area, at first, filed surveys
were implemented at three sites and suitable as well as accessible points for sampling were identified. Then the
precise location of the sampling points was determined using GPSMAP 62s for 12 stations and each station at 5
distances of 3, 100, 200, 400, and 1000 m from the edge of the road were selected as noise measurement places
(Kalansuriya et al. 2009; Ow & Ghosh 2017). The sound-level meter was calibrated and then the sound
measurement operation was carried out at station 12 as a control site, then at some stations as a pre-test
measurement to optimize the noise measurement conditions.

According to the results of the pre-test and the necessary modifications, final noise measurement was performed
at all stations and distances. In the summer 2017, when the region had the highest traffic load and the trees had
full leaf cover, the measurements were performed during traffic hours between 10 AM. and 2 PM.
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The measurement time was 30 minutes and sounding operation at each station was performed with three replicates.
The A-weighing unit was set on the fast-weighing mode and 50-100 dB sound density range was adjusted for a
distance of 3 m from the edge of the road as a high sound density parts. The range of 32-80 dB was fixed for all
other stations, while the sound level meter was about 1.5 m in height above the ground (Kalansuriya et al. 2009;
Maleki & Hosseini 2011). A sponge protector was used to reduce the effects of airflow on the device sensor
(Hosseini et al. 2016). In the last step, using statistical analysis of the data, the rate of sound alterations at each
station, distances, compared to control stations and the standard limit were analyzed using the SPSS and Excel
software.
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Fig. 1. The study area, Saravan Forest Park, north of Iran.
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Fig. 2. Location of sampling stations in the Saravan Forest Park.

RESULTS
The results of One-Way ANOVA analysis showed a significant difference in sound intensity at different distances

at all stations (p < 0.05) to determine the difference in sound intensity at stations and distances.
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Table 1. Analysis of variance for comparison of sound intensity at different distances in the stations.

Sum of squares df Mean square F Sig.
Between Groups 34502.547 4 8625.637 477.323 .000
Within Groups 3162.403 175 18.071
Total 37664.950 179

According to Table 1, a significant difference was found between the distances at each station (p < 0.05) exhibiting
well that vegetation at different distances have been very effective in reducing the noise pollution. Scheffe’s post-
hoc test was used to investigate the significant differences between different groups (each row of distances at
different stations, Table 2). Since the significance level between distances in all cases was lower than 0.05,
therefore, there was a significant difference between all distances of 3, 100, 200, 400 and 1000 m. As illustrated
in Fig. 3, a significant difference was found between the mean of all five distances (the significant level is lower
than 0.05), i.e. the mean distances of 3, 100, 200, 400 and 1000 m could not be put in one group. To compare the
sound level at eleven stations with a control station (station 12), one sample T-test was used at different distances.
The results exhibited that there is a significant difference between the average sound intensity at different distances
of stations and sound intensity at the corresponding distance in control station (p < 0.05). It was also well displayed
that increasing the distance from the tree cover belt, reduces noise pollution. Comparing the average sound
intensity at each station by 100 m distance from the sound source indicated that the highest sound reduction
belonged to station 10 with 26 dB, while the lowest to station 11 with 8 dB.

Table 2. National noise standard in Iran (Maleki & Hosseini 2011).

The type of regions 7AM-10PM 10PM-7AM
Leq (30%) Leq (30%)
dB (A) dB (A)
Residential 50 30
Residential-Commercial 60 50
Commercial 65 55
Residential-Industrial 70 60
Industrial 75 65

T-test results exhibited that there is a significant difference in the average sound intensity between 3 and 100 m
distances compared to the national standard in Iran (Table 2, p < 0.05). These distances had a noise pollution load.
Therefore, based on this type of coverage and also for tourist convenience, the services and accommodation should
be built over 100 m in distance from the road.

At some stations, such as 1, 4, 6, 8, 9, 11, even at a distance of 200 m, the amount of received sound exceeds the
limit. However, in a general conclusion, the average sound intensity at various distances exhibited that at distances
between 400 and 1000 m from the road, there was no noise pollution at all of the stations (Fig. 3).
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Fig. 3. The average sound intensity at sampling stations in Saravan Forest Park.
* Different letters indicate significant differences between groups (p < 0.05).

DISCUSSION

This study focused on the importance and significance of using trees as a group of noise barriers noise. The first
studies on plant noise reduction were conducted by Beck and Mir in the 1960-1970s (Ozdemir et al. 2014).
However, studies concerning to the effect of vegetation on the reduction of sound levels have always attracted
many attentions and continued over time. Several studies have demonstrated that by increased distance from the
source of noise pollution, severity of noise level was significantly decreased on the tree-covered areas (Harris
1979; Herrington 1976) similar to the results obtained at the present study. The studies have revealed that the tree
belt can be effective in reducing the noise pollution to 10 dB (Cook-Patton & Bauerle 2012) and also that the tree
belt with a width of 50 m has been able to reduce the intensity of the train noise to 9 dB. (Connelly & Hodgson
2008). It has also been found that stations with tree cover belt always had significant levels of noise reduction
compared to the stations without covers (Fang & Ling 2005), similar to results achieved in the present study. So
that, there was a significant difference of sound intensity between the control and other stations. Based on
environmental conditions and species type, trees and plants have been able to reduce the intensity of sound by at
least 9 and up to 26 dB (Pathak et al. 2008). Saravan Forest Park attracts a significant number of tourists
throughout the country due to its vicinity to Rasht City, the center of Guilan Province with a population of 639,951
(according to the census, SCI 2011) and also because of vicinity to the Tehran-Rasht highway, which is one of
the most important communication axes of the country and is a part of the international corridor from the north to
the south of Iran (EFGR, 2017).

Therefore, the study on the indicators necessary for the convenience of passengers and tourists in this area is
essential. One of the most important indicators of tourist convenience is the noise intensity. In the present study,
the accommodation places for tourists were determined in the park based on the permissible limits and national
standards of Iran. The average sound intensity with 77.8 dB at 3 m in distance exhibited that this locality could
be introduced as the source of noise pollution. The assessment of sound intensity at 100 and 200 m distance from
the road with mean sound intensity of 60.9 and 52.24 dB respectively, indicated that these distances are not
suitable for tourist accommodation in terms of sound pollution. Factors such as forest fire at station 11, the main
combination of leaf needles trees at station 4 and low density trees at distances less than 200 m are the most
important reasons for noise pollution in the park.

The field evaluation revealed that with some restoration, the improper distances can also be added to the suitable
area for recreation. At distances of 400 and 1000 m, the average sound intensity level were lower than the
permissible level, hence, with the current conditions these parts are recommended as suitable areas for tourist’s
accommodation in the park. The results exhibited that in the case of 6.05 dB sound density, there is a difference
between the tree-covered stations and control (without tree cover) at distance of 100 m, indicating the direct effect
of vegetation on reducing noise pollution in this park. The results of this study, like those of other reports suggest
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the effect of tree cover on the reduction of noise pollution, exhibiting a significant difference between all sampling
stations at different distances. However, the rate of noise reduction was different compared to other studies which
could be due to different traffic rates in the study area, vegetation type, slope, climate, and other factors (Fang &
Ling 2005). Due to the high humidity of the northern part of Iran, the growth of different tree species is naturally
occurring and it would be very economical compared to the other part of Iran. So, by using ecological knowledge,
in order to select species, adequate density and species combination, the efficiency of tree coverage for noise
reduction will be significantly increased (Herrington 1976).
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