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Abstract Reopening of schools is usually associated with
increased urban traffic and is likely to exacerbate traffic-
induced noise level in metropolitan cities. This study was
performed to investigate the role of reopening of schools
on noise level in one of the most crowded districts of
Tehran City. For this, two different noise criteria of
LAeqomin and SPL were measured during working days at
three occasions of morning, noon, and evening in summer
(school holiday season) and autumn (reopening season of
schools in Iran). According to the results, the average
equivalent sound pressure level was 72.3 dB(A) in summer
and 72.9 dB(A) in autumn. The P value of 0.44 obtained
from ¢ test indicated that there is no significant difference
between the equivalent sound pressure level of the holiday
and reopening seasons in the district. Further, the value of
the indices Traffic Noise Index, Noise Impact Index, and
noise pollution level was constant within both seasons
studied. This may be due to the rigid surface of the pas-
sages such as asphalt pavement, and high-rise buildings, as
well as the facade of buildings that can gradually over-
shadow the role of school-induced traffic on noise pollution
in metropolitan cities.
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Introduction

Traffic flow in cities, particularly crowded areas, is inten-
sive and uneven; moreover, registered noise levels usually
exceed allowable limits (Bazaras et al. 2008). Outdoor
traffic noise, for those residential buildings adjacent to
heavy traffic roads, is the main source that affects the
quality and health of indoor acoustic (Zhisheng et al.
2007). A steady growth in traffic congestion has led city
planners to seriously consider the resulting environmental
impacts, such as traffic noise, accidents, and air pollution
(Husted Rich and Nielsen 2007). As an important envi-
ronmental concern, traffic noise assessment is ubiquitous in
many communities, especially for those located near major
roadways (Barboza et al. 1995).

There are available several different computational,
graphical, and computer modeling techniques and methods
to estimate noise levels resulting from roadway traffic
(Barboza et al. 1995). As such, Dai et al. (2014) presented
an inland waterway traffic noise prediction model to predict
noise level in China. The model includes parameters traffic
flow, vessel speed, distance from the center of the inland
waterway to the receiver, position and height of the barriers
and buildings, location of the receiver, type of ground,
percentage of soft ground cover within the segment, and
water surface conditions. Alam et al. (2006) reported the
level of traffic-induced noise pollution in Sylhet City. They
suggested that schools should be located about 60 m away
from the roadside. Weber et al. (2014) used landscape
metrics to show that the noise level in the city of Leipzig in
Germany depends on the properties of the urban structure.
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The results of a study in Jordan indicate traffic con-
gestion, traffic speed, honking, number of lanes, lane
width, road slope, and street pavement as important factors
influencing noise level in urban areas (Juang et al. 2010). In
addition, according to the research in Macau, it was shown
that the areas with old urban fabric, narrow streets, com-
plicated road network, and large number of crossroads lead
to reduced traffic congestion and thus mitigated noise
pollution (MacKenzie and Galbrun 2007). In a noise
mapping plan implemented in Taiwan City in 2009, the
spatial characteristics of the urban environment noise were
analyzed using the noise maps produced at 345 noise
monitoring stations. Noise data were collected in various
intervals in the morning, afternoon, evening, as well as in
winter and summer. According to the obtained results, the
highest (69.6 dBA) and the lowest (59.3 dBA) noise levels
were occurred in summer mornings and winter evenings,
respectively. It was also found that 90 % of the population
in Taiwan City is exposed to unaccepted noise levels (Di
et al. 2005). As the literature reveals, urban fabric and
seasons are among influential factors affecting the
equivalent sound pressure level in cities.

School-related traffic congestion in and around school
sites is among the most important problems of the modern
world caused by vehicles, including school transport ser-
vices and parents’ car, vehicles of school authorities (La
Vigne 2007). Other factors such as physical infrastructure,
street layout, and traffic signs and signals surrounding a
school could make school-related traffic even worse (La
Vigne 2007). Most of the relevant studies focus on the
impact of street noise pollution on students’ learning
functionality at schools, so that the impact of reopening of
schools on noise pollution has totally been neglected. Ac-
cordingly, the present study was conducted, for the first
time in Iran and abroad, to address the impact of reopening
of schools on traffic-induced noise at different land uses in
District 14, Tehran City, in summer and autumn 2012.
Despite the small area of the district, it is one of the most
densely populated areas in Tehran and, according to the
2006 census, includes a total population of approximately
445138 people.

Materials and methods

The measurements were taken at two seasons of summer (as
closure season of schools) and autumn (as reopening season
of schools in Iran). For this, a total number of 91 stations
were selected randomly in a way to include different land
uses, including residential, recreational, educational, com-
mercial, and commercial-residential areas. A handheld
sound level meter (B&K Type 2336) was used to measure
equivalent sound pressure level at 10-min time interval. At
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the same time, geographic coordinates of the measurement
points were recorded using Global Positioning System
(GPS) (model: HCX VISTA Garmin) and used later to
generate the point map of the stations by geographic in-
formation system (GIS). In school holiday season, mea-
surements were taken during the weekdays except for
Thursday and Friday, at three occasions of morning (7-9
a.m.), noon (1-3 p.m.), and evening (5-8 p.m.).

The measured values were analyzed using SPSS 16.0.

The Traffic Noise Index (TNI) was calculated according
to the methodology developed by Longdon and Scholes in
1986 (Pedersen and Halmstad 2003). Besides, the noise
pollution level (NPL) value was determined in accordance
with the formula provided by Vesilind et al. (1994) (Eg-
germont 2014). Moreover, Noise Impact Index (NII) was
calculated according to the guideline presented by Bies and
Hansen (2005). Subsequently, a table was created in Excel
software in which descriptive information of the stations,
including name and code, longitude and latitude, daily
LAeqomin, land use, and passage type, was recorded to
precede spatial analysis process using Arc GIS (Eggermont
2014). The same procedure was kept to measure LAeqomin
in autumn.

The NII

To investigate the effect of noise in the environment, the
number of exposed people should also be involved. This is
provided by the Total Weighted Population Index abbre-
viated as TWP (Bies and Hansen 2005).

TWP

NIl = ——
Y. Pi

TWP = Z WP,

where P; is the number of exposed individuals related to
the weighting factor, and W; is noise life damages in ac-
cordance with /4, presented in Table 1.

Results and discussion

In order to compare the equivalent sound pressure level of
working days and weekends, the Leq values measured at
intervals of 10, 15, and 30 min were compared using ¢ test.
According to the P values of the different intervals (0.15,
0.21, and 0.29), no significant difference was found be-
tween the mentioned variables within the working days and
weekends. Further, the equivalent sound pressure level of
working days was investigated in intervals of 10, 15, and
30 min using one-way ANOVA test. The P values of 0.52,
0.62, and 0.73 revealed the fact that there was no
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significant difference between the measured values at dif-
ferent time intervals. The one-way ANOVA test was also
used to compare the equivalent sound pressure levels at
three occasions of morning, noon, and evening. According
to the P values of 0.2, 0.62, and 0.11, there was found no
significant difference between the Leq of different occa-
sions. The P value of 0.50 revealed no significant differ-
ence between the Leq of different time intervals of 10, 15,
and 30 min.

Figures 1 and 2 depict spatial changes in LAeq;omin(dB)
in summer and autumn seasons, respectively. Spots in the
red zones illustrate the highest LAeq;omi, (dB) where the
noise pollution level is high. Moving toward the yellow and
green zones, the level of noise pollution is reduced. The

Table 1 Values of Iy,

Range of l, (dB) W1
35-40 0.01
40-45 0.02
45-50 0.05
50-55 0.09
55-60 0.18
60-65 0.32
65-70 0.54
70-75 0.83
75-80 1.20
80-85 1.70
85-90 2.31

green spots in the center of the noise map indicate lower
noise pollution level in July. In the autumn noise pollution
map, due to blocked streets leading to the Imam Ali
highway which is under construction, green spots are
moved forward the margins of the highway.

As the obtained results indicate, the LAeq;omi, values in
summer and autumn were 72.3 dB(A) and 72.6 dB(A),
respectively. In other words, there is a difference of about
0.6 dB(A) between the LAeqomin values of the summer
and autumn.

For greater certainty, the average LAeqiomin Of both
seasons were compared using ¢ test. The P value of 0.44
suggests that there is no difference between the LAeq;omin
of the seasons.

Table 1 provides a comparison between the average
equivalent sound pressure level of different land uses in
summer and autumn. The obtained results revealed that the
equivalent sound pressure level in autumn is slightly higher
than that of in summer in all land uses, except for the
commercial land use. The difference between the average
LAeqomin Values in different land uses in both seasons was
compared using the paired-samples ¢ test, and the results
are briefly presented in Table 2. As the table suggests, all
of the P values are higher than 0.05, indicating no sig-
nificant difference between the variables measured.

Comparison between the average LAeqiomi, levels in
different parts of the street network in District 14 is given
in Table 2. As the table suggests, the average LAeq;omin in
autumn (reopening season of schools) is higher than that of
in summer, in all areas except for the bystreets.

Fig. 1 Spatial changes in
LAeq;omin Of the district in
summer (*CR stands for
commercial and residential land
use)
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Fig. 2 Spatial changes in
LAeqomin Of the district in
autumn (*CR stands for
commercial and residential land
use)
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Table 2 Comparison of the average LAeqiomin values in different
land uses in summer and autumn

Table 3 Comparison of the average LAeqomin Values at different
land uses in summer and autumn

Location LAeqiomin  LAeqiomin(autumn) P value Street LAeqomin LAeqi0omin P value
(summer) network (summer) (autumn)

Educational 70.9 70.9 0.11 Highway 7179 79.2 0.17
Recreational 739 74.5 0.53 Main street 71.8 73.2 0.08
Medical 63.6 64.5 0.57 Intersection 75.5 75.7 0.34
Residential 74.3 75.1 0.27 Bystreet 67.9 65.1 0.46
Residential-commercial 73.9 74.1 0.81 Square 71.6 72.4 0.49
Commercial 77.8 76.8 0.19

Low level of noise pollution in autumn is due the fact
that Imam Ali highway was under construction in that
season, during which many bystreets leading to the high-
way were blocked. In other words, the difference in the
traffic-induced noise level could not be attributed to the
reopening of the schools. The paired-samples ¢ test was
used to compare the average LAeqomi, Values in different
types of passages (Table 3). The P value in Table 3 shows
no significant difference between the variables.

Figures 3 and 4 depict the deviation of LAeq;omi, levels
from permissible standard levels in summer and autumn,
respectively. As the figures present, no significant differ-
ence was observed between the seasons except for the
Pirouzi Street and Basij Expressway.

Table 4 provides a comparison between the NII values
in summer and autumn. This index is used to assess the
impact of noise level on exposed people. The NII with a
value of 1.5 denotes that the noise pollution level is above
the residents’ tolerance threshold in this district that can

Y4
ﬁ @ Springer

cause citizens’ complaint. The NII values show no differ-
ence between two seasons.

The average TNI values in summer and autumn were
81.29 and 80.71 dB, respectively. There was found no
significant difference between the TNI values in two sea-
sons (P value = 0.75). The average NPL was 83.98 dB in
summer and 84.29 dB in autumn. No significant difference
was observed between the NPL values in two seasons
(P value of 0.70).

The main strength of this research is to investigate, for the
first time, the impact of school reopening on traffic-induced
noise level in cities. The findings highlight the role of urban
fabric on variations of equivalent sound pressure level and
introduced it as more determining factor on noise pollution
in cities, compared to the school reopening. It would be
better if this study could be performed at a larger scale so as
to provide more accurate results due to the larger statistical
population. Moreover, more reliable comparing results
would be achieved if the study was performed
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Fig. 3 Deviation of LAeqomin
values from the permissible
standard limit [dB(A)] in
summer(*CR stands for
commercial and residential land
use, and SD refers to standard
deviation)
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Fig. 4 Deviation of LAeq;omin
values from the permissible
standard level [dB(A)] in
autumn (*CR stands for
commercial and residential land
use, and SD refers to standard
deviation)
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simultaneously in two regions with different urban fabrics of
old and modern. The P value of 0.44 indicates no significant
difference between the average sound pressure levels of
summer and autumn. The NII that represents noise harm-
fulness was constant at 1.5 in both seasons, without any
variation. There was found no significant difference between
the average values of TNI and NPL in summer and autumn.
It verifies the fact that traffic congestion caused by school
reopening cannot affect noise pollution level in the district.

Moreover, current modifications in the urban fabric of
Tehran overshadow the impact of traffic-induced noise.
Among the current modification in the urban fabric of the
district can be pointed to the increased height of the struc-
tures and increased use of reflective materials in the building
facade, including marble, granite, glass, and composite
sheets (metal-like sheets). This can increase sound reflection
and prevent sound propagation (Eggermont 2014). The role
of urban fabric on increased noise level was emphasized by
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Table 4 Comparison of the NII in summer and autumn

Region LAeq LAeq W Pop WP NII
(max) (max)
autumn summer

1 80.2 80.5 1.7 102,758 174,688.6 1.5

2 78.8 79.2 1.2 130,047 156,056.4

3 84.4 84.2 1.7 100,079 170,134.3

4 81.9 80.8 1.7 61,554 104,641.8

5 78.7 78.2 1.2 50,700 60,840

Ismail (2014). He studied geometric parameters of the dense
Islamic urban texture on the resultant noise levels. Tang and
Wang (2007) showed that the urban forms in historical areas
with narrower roads, complex road networks, and a higher
density of intersections lead to lower traffic congestion and
consequently lower noise pollution. Montalvao Guedes et al.
(2011) declared that the physical characteristics of the urban
shape, including construction density, the existence of open
spaces, and the shape and physical position of buildings have
a significant influence on environmental noise.

Conclusion

The role of school reopening in increased traffic-induced
noise level in urban environments is an important issue that
has received little attention. The public perception is that
the impact could be significant. However, the findings of
this study contradict this hypothesis. According to the re-
sults, it was found that the impact of the reopening of
schools on equivalent sound pressure level would be neg-
ligible. It is important to mention that traffic congestion
cannot be as much important as virtual sources of noise. The
rigid surfaces such as asphalt, concrete, stone, or mosaic
pavements, the facade of buildings, the height of buildings,
and the width of the streets are among the virtual sources of
noise pollution overshadowed the role of traffic congestion
in Tehran. Nowadays, the number of virtual sources is
greatly being increased in Tehran. This number could be
even greater in the future if the current trend continues.

The noise mitigation strategies in the district should
focus on limiting the virtual sources in the district. The use
of sound-absorbing materials in asphalt pavement could be
another important preventive strategy. It is highly recom-
mended expanding soft surfaces throughout the city by
increasing green spaces and arboriculture. Dense planting
of a mixture of broadleaves and conifers (such as acacia
and sycamore) in the city could be a proper noise control
strategy.
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