Health Scope. 2015 November; 4(4): €29019. DOI:10.17795/jhealthscope-29019

Published online 2015 November 25. Research Article

Measurement and Monetary Valuation of Traffic Noise Pollution by the
Top-Down Method in Tabriz City

Sedigheh Atrkar Roshan' and Omran Ahmadi™

1Department of Economic, University of Alzahra, Tehran, IR Iran
Department of Sciences of Occupational Health, Tarbiat Modarres University, Tehran, IR Iran

*Corresponding author: Omran Ahmadi, Department of Sciences of occupational Health, Tarbiat Modarres University, Tehran, IR Iran. Tel: +98-9144241240, E-mail: ahmadiomran@yahoo.com

Received: April 8,2015; Revised: June 17, 2015; Accepted: July 3, 2015

Background: Noise pollution is one of the most important problems of both developed and developing countries, especially in the recent
decades, and is being exacerbated with industrialization and population growth.

Objectives: The purpose of this study was to measure traffic noise pollution in Tabriz city and to evaluate its associated costs by applying
the top-down method. Awareness about health costs associated with traffic noise could have great impacts on decision-making for traffic
noise control measures.

Materials and Methods: In order to obtain the noise level (L 4,,) at various hours of each day, noise level was first measured at 35 stations
in10 Regions of the city, during the morning, afternoon and night. Second, to obtain the number of people with a certain level of exposer
to noise (L 4,,), the annoyance levels due to traffic noise were assessed by collecting a questionnaire from 300 residents.

Results: Based on the study results, divisions eight, nine and two of the city (refer to the municipal division of the cities in Iran) had
the highest L, value, with 74.5,73.5 and 71 dB, respectively. Also, the questionnaire results indicated that 60% of the residents declared
medium and high level of annoyance, due to traffic noise. Finally, the calculated cost was equal to 119 926 467 Euros (€). However most
costs, namely € 24 727290, were allocated to region three with the highest population, in spite of a relatively low L., (68.4 dB).
Conclusions: Since traffic noise pollution is a high cost for Tabriz residents, extensive preventive measures and comprehensive control
programs by managers and city authorities as unavoidable necessities are suggested. The measures have to be taken by urban managers
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and decision-makers to reduce the health impact of traffic noise on Tabriz residents.

1. Background

Noise propagated from road vehicles (including mo-
torcycles, cars and heavy machinery) has a major con-
tribution to noise pollution of cities. At present, noise
pollution is amongst most important problems of in-
dustrialized societies and developing countries. Noise
pollution can be caused by many sources. However, the
impacts of the remaining factors are lower compared
with traffic noise, in terms of noise levels and amount
of annoyance for individuals. On the basis of the con-
ducted studies, noise pollution can have various effects
on health, including hypertension, risk of heart dis-
ease, impact on sleep, psychological effects, annoyance
and disruption of daily activities, fatigue, decreased
performance in school children, interference with daily
life and other effects (1-7). The impacts of noise pollu-
tion on peoples’ sleep and health have been confirmed
by various laboratory, field, epidemiology and review
studies (8-14). The World Health Organization (WHO)
announced that there is various evidence that expo-
sure to noise at night is a cause of self-reported sleep
disturbance, which is a major cause of health problems
(15). The previous studies have led to the introduction

of equations, by which the size of populations affected
by environment noise can be estimated. This is done by
using the dose-response curve. Thus, the level of people
annoyance or sleep disturbance from environmental
noise can be estimated (16).

Dose-response curve, along with noise regional map
data can be used to estimate actual number of people
exposed to noise in a society. To determine society’s
exposure to environmental noise, regional scale noise
maps have been a popular method during the last ten
years. Constructing such maps has turned into an ob-
ligation for some parts of the world. Percentage of an-
noyed people as a function of exposure to noise in resi-
dential areas is provided by WHO (17) and the European
Commission (18). Based on these functions and also
dose-response curves, the percentage of annoyed peo-
ple by certain values of day-evening-night noise level
(Lgen) and vice versa can be estimated.

Health and welfare impacts caused by environmental
noise have heavy costs for the society (19). One of the rea-
sons behind this is because health costs are not reflected
in the market price of transportation and the financial are
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not accounted for the external costs (20-22). Reported an-
noyance due to traffic noise is variable, with respect to dif-
ferent modes of transportation. Noise caused by aircrafts
in comparison to the same noise level from road traffic
noise is more annoying. Various modes of traffic have dif-
ferent disruption in sleep mode (20). Therefore, studies
have recommended that the difference between modes of
transportation should be considered in cost calculation.

2. Objectives

Since awareness of health costs due to traffic noise can
have a great impact on decision-making for control mea-
sures, this study attempted to estimate costs of traffic
noise in the city of Tabriz, I[ran. Our purpose was to mea-
sure and evaluate traffic noise pollution by the top-down
method in Tabriz city.

3. Materials and Methods

Generally, two different approaches are used to esti-
mate the costs of traffic noise:

1. The bottom-up approach

2. The top-down approach

The bottom-up approach is generally called the ‘impact
pathway approach’. The starting point of this approach is
atthe micro level, i.e. the traffic flow on a particular route.

The starting point of the top-down approach is at the mac-
ro level, i.e. the estimated cost for a country. The top-down
approach uses the Willingness to Pay (WTP) or the willing-
ness to accept compensation for more silence, and the asso-
ciated health effects, and multiplies these unit values with
the data on noise exposure for different noise classes.

The top-down approach calculates the average value of
transportation costs. It uses the total noise exposure (dif-
ferentiated for noise classes) and divides it by total mile-
age driven on thatroad. In addition, different methods can
be applied to value the effects of transport noise. In some
cases market prices can be used tovalue the effects of trans-
port noise (e.g. cost of illness). However, for annoyance
effects no market prices exist, and the Willingness to Pay
(WTP) approach should be used. Generally, there are two
valuation methods including the hedonic valuation meth-
od (HVM) and the contingent valuation method (CVM).
The HVM examines differences in housing prices due to
traffic noise, whilst, HVM is based on “WTP” calculations
(23, 24). In other words, CVM evaluates the Willingness to
Pay (WTP) or the Willingness to Accept (WTA) changes in
environmental goods and services, through questioning
people directly. To determine peoples’ reaction in specific
situations, this direct questioning approach is used. This is
performed by deduction of individuals’ behavior in terms
of their responses to the questions. In fact, since there is
no market for environmental quality of air, water, soil, and
other environmental goods, the economic evaluation of
these environmental goods is done by, estimation of WTP.
On the other hand, when environmental damage occurs,
injuries and damages are engendered. Therefore, one can
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point directly that, the benefits of improving environ-
mental quality is made by reduction in loss (25). The con-
tingent valuation method was presented to estimate the
WTP for five levels of annoyance in Europe during 2006. Fi-
nally, the mean WTP per person per year to eliminate road
noise annoyance at the five levels was presented (WTP per
person per year for not annoyed, slightly annoyed, moder-
ately annoyed, very annoyed and extremely annoyed was
8.12,37.08, 84.93, 84.30, 80.51€, respectively (€ 2005)) for six
European countries (26).

The present study was carried out in Tabriz city during
year 2011 (1390 in Iranian calendar). To obtain the 24-hour
noise exposure level (L., ), the level of noise was measured
in 35 stations of the ten districts (based on civic divisions,
covering all the areas particularly busy squares, intersec-
tions and highways) of Tabriz city during the morning, af-
ternoon, evening and night. This was done by considering
overcrowding, exposure level and people’s daily travels and
freight. To do so, noise pollution was measured during the
following hours, 6 to 8 in the morning 12.5 to 14.5 at noon,
17 to 19 in the afternoon and 22 to 24 at night, and during
these hours, the one hour average noise level (Llh(i)) was
obtained for each station. Next, to find the effects of noise
at different distances, and to obtain the number of people
exposed to a certain level of noise, the annoyance levels due
to traffic noise were assessed for 300 Tabriz residents, using
a questionnaire. Samples included one individual between
18 and 80 years old in each family who had lived for at least
one year at his/her current location. The questionnaire con-
sisted of two parts. The first part consisted of demographic
information and individual’s residential information, as
well as people annoyance and disruption in everyday func-
tion. The second part of the questionnaire consisted of the
mental and physical effects of noise, such as sleep distur-
bances, depression, headaches, etc.

Questionnaire content validity was then reviewed and
approved by a panel of experts including three experts in
the field of occupational health and ergonomics. Its reli-
ability was calculated by a pilot study of 30 patients with
Cronbach’s alpha and internal consistency. Cronbach’s
alpha value was equal to 0.75. When applying a question-
naire as part of a research method, the number of sam-
ples should be a multiple of at least five, of the number
of questions. In this study, the questionnaire consisted
of 41 questions. Hence, 300 Tabriz residents around the
squares, intersections and highways, and at different
distances from these locations were selected. Finally, the
amount of traffic noise cost was calculated. To calculate
the cost, three steps were taken, as follows:

1) Defining the threshold value (a value below which
there is no considerable annoyance). Based on the recom-
mendations of the European commission (18) and WHO,
the threshold value is 55 dB.

2) Determining the number of people exposed to a cer-
tain level of noise (Ly,,)-

3) Evaluation in terms of money in each region: at this
stage, the following equation (Essen H, 2004, equation 1
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(21)) was used to calculate the costs. Based on the recom-
mended value by the European commission, 10 Euros per
(decibel) person per year was used (2004 Euros).

1) Noise cost = 10 x Znumber of individuals exposed to noise level group
( x (Average noise level in group—threshold valuc)

(2) L;(dBA) =10logk [ 210%1(0)]
(3) L (dBA) = 10/0g} [ 3710%140]
(4) L,(dBA)= 1010g% [Zloo-llw(i) + 2100»14.1(0]

L., (dBA) = 10log {i [210"‘1(%“’))
+ 30100 L +5) 1 571001 Lun(+10)

(5)
Equation 2 was used to obtain one hour average noise
level (L, (i)), for 15 hours during the day, whilst Equa-
tion 3 and Equation 4 were applied to obtain one hour
average noise level (L, (i)) during the evening and
night, respectively. By using Equation 5, 24 hours noise
level was then calculated. In order to apply the impact
of time of the day into account; uses a weighted noise
measure to take evening noise carries a penalty of 5 dB
(A) and night noise carries a penalty of 10 dB (A) (Equa-
tion 5). When L., was obtained, its value was corrected
based on various distances from the stations. This was
done by using the results of people annoyance, which
was categorized in five groups including; not annoyed,
slightly annoyed, moderately annoyed, very annoyed
and extremely annoyed. For this purpose, the link be-
tween annoyance and Ly, that was provided by the Eu-
ropean commission and WHO was used. On this basis,
for extremely annoyed individuals, L., value was calcu-
lated from the noise measurement at 35 stations in 10
regions of the city, and for moderately annoyed and very
annoyed groups, L;., 24 hours noise level was calculat-
ed (without correction). For not annoyed and slightly

annoyed individuals, as the obtained L, value was less
than the cut-off value, L;,, was not calculated.

4. Results

Based on the questionnaire results, the levels of resi-
dent’s annoyance due to traffic noise were 15% for not
annoyed, 22% for slightly annoyed, 39% for moderately
annoyed, 17.7% for much annoyed, and 6% for extremely
annoyed individuals. The population sizes for each of
the mentioned levels of annoyance were 224 249, 328
899, 583 050, 264 614 and 94 185, respectively. The popu-
lation sizes of the ten regions of the city, based on an-
noyance level, are presented in Table 1. As indicated, the
first, third and fourth districts of the city (based on civil
divisions) were more crowded.

The obtained Ly, values for the different districts of the
city are presented in Table 2. According to the results, and
based on the municipal divisions of Tabriz, the eighth,
ninth and second district of the city had the highest level
of noise with 74.5,73.5,and 71 dB, respectively. However, in
these regions, population density was lower compared to
the other areas such as the fourth district of the city. For
moderately and very annoyed individuals, day-evening-
night day-evening-night noise Level (Lden) are shown
are corrected based on figure 1. The corrected value are
presented in Table 2. Since Lden value for not annoyed in-
dividual and slightly annoyed individual was lower than
threshold (55 dB) value, had not been mentioned in Table
2. Table 2 presents the number of individuals exposed
to different levels of L, . Furthermore, the costs for the
specified level (using Equation 1) and also for different re-
gions are presented in Table 2.

The costs were estimated for the second time, directly
through multiplying the average of WTP for each person
per year with the total number of individuals with certain
annoyance levels (see Table 3). Based on these results, the
total estimated cost was equal to 104 290 507 €. The cost
due to noise was somewhat different for the two methods.
This might be due to differences in individual’s willing-
ness to pay for comfort in different countries.

Table 1. Population Size of Different Regions of the City Based on the Levels of Noise Annoyance ab

Region of Ci Total Slightl Moderatel Extremel
s v Population NotAnnoyed Anr%oye)(,l Annoyedy Very Annoyed Annoyedy

Region 1 212,206 31,830 46,685 82,760 37,560 13,368
Region 2 169,047 25,357 37,190 65,928 29,921 10,649
Region 3 243,400 36,510 53,548 94,926 43,081 15,334
Region 4 316,124 47,418 69,547 123,288 55,953 19,915
Region 5 92,274 13,841 20,300 35,986 16,332 5,813
Region 6 94,897 14,234 20,877 37,009 16,796 5,978
Region 7 143,460 21,519 31,561 55,949 25,392 9,037
Region 8 28,700 4,305 6,314 11,193 5,079 1,808
Region 9 324 48 126 57 20
Region 10 194,564 29184 42,804 75,879 34,437 12,257

2 All the parameters are individual.
Source: Research findings.
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Figure 1. Traffic Noise Level of Different Stations in Various Regions of Tabriz City

Table 2. Cost Calculated Based on Day-Evening-Night Noise Level (Lj.,)?

Annoyance Levels L4.n (dB) Individual Frequency Cost, € The Cost for Each Region
Region1 16546716
Moderately 65 82760 9310500
Very annoyed 67 37560 5070600
Extremely annoyed 69.4 13368 2165616
Region 2 13373055
Moderately 65 65928 7416900
Very annoyed 67 29921 4039335
Extremely annoyed 7 10649 1916820
Region 3 24727290
Moderately 65 94926 10679175
Very annoyed 67 55953 7553655
Extremely annoyed 68.4 43081 6494460
Region 4 24201697
Moderately 65 123288 13869900
Very annoyed 67 55953 7553655
Extremely annoyed 68.4 19915 2778142
Region 5 7064158
Moderately 65 35986 4048425
Very annoyed 67 16332 2204820
Extremely annoyed 67.2 5813 810913
Region 6 3517742
Moderately 65 37009 416351
Very annoyed 67 16796 2267460
Extremely annoyed 69.1 5978 833931
Region 7 16492894
Moderately 65 55949 9294262
Very annoyed 67 25392 3427920
Extremely annoyed 69.9 9037 3770712
Region 8 2353123
Moderately 65 11193 1270828
Very annoyed 67 5079 685665
Extremely annoyed 74.5 1808 396630
Region 9 27211
Moderately 65 126 17010
Very annoyed 67 57 7951
Extremely annoyed 73.5 20 2250
Region 10 16349055
Moderately 65 75879 10243665
Very annoyed 67 34437 4726478
Extremely annoyed 69.4 12257 1378912
Total cost 119926467 119926467

@ source: Research findings.
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Table 3. Cost for Groups With Different Levels of Exposure to Traffic Noise (Computed by Willingness to Pay Based on Heatco for Six

European Countries, 2006) 2

Annoyance Levels Population Frequency 1‘>Z i_lsl(i:lg;; el_S‘S{::rf):g 11;6:2 Cost, €
Not annoyed 224249 9 2018241
Slightly annoyed 328899 40.5 13320409
Moderately annoyed 583050 95 55389750
Very annoyed 264614 94.8 25085468.4
Extremely annoyed 94185 90 8476638.6
Total cost 104290507

2 source: research findings.

5. Discussion

Based on the findings of this study, the health effects
of traffic noise in terms of money on Tabriz residents are
very significant. Therefore, in order to reduce adverse
effects of noise pollution in the long-term, preventive
measures have to be taken by local authorities. A com-
prehensive traffic system, further improvement of urban
public transportation system, placing sound barriers,
setting high prices for parking in central parts of the city,
concentrating commercial centers outside the city, and
increasing green space are suggested preventive mea-
sures and control actions. The measures have to be taken
by urban managers and decision-makers to reduce the
health impact of traffic noise on Tabriz residents.

Traffic noise imposes heavy costs for the health and
welfare of the residents in different countries, whilst
the costs are dissimilar. Considering the increasing
costs due to traffic noise, this study aimed at measuring
traffic noise pollution in Tabriz city and its associated
costs by applying the top-down method. Due to differ-
ences in input values, such as the threshold limit value
and the method used to calculate the costs, the calculat-
ed costs can vary to some extent. In general, the average
costs that are calculated by a top-down approach, are
higher than the marginal costs that are calculated by a
bottom-up approach. The average cost can be up to six
to eight times the marginal costs (27). Moreover, various
studies have used different threshold limits for health
effects and annoyance caused by traffic noise. For ex-
ample, Unite in 2003 considered 70 dB as the threshold
of health effects other than sleep. The cut-off for sleep
disturbance was considered as 43.2 and 40 dB, for road
and rail noise, respectively.

The results of a study in the Netherlands showed that
the health costs due to traffic noise are half of the cost
of road accidents. In addition, based on the Dolly index
between 1980 to 2020, the index for noise is rising while,
it is falling for accidents, in this way they will be same by
2020 (28). A dose-response study with a cut-off of 55 dB
was conducted in Germany, which showed that 31 mil-
lion people were exposed to noise above 55 decibels and

Health Scope. 2015;4(4):e29019

health costs due to noise was 2.5 billion euros each year.
The costs caused by noise pollution are increasing in cit-
ies around the world. Dassen stated that in the Nether-
lands, 3% - 4% of the population is exposed to noise levels
exceeding 65 decibels. Without additional policy mea-
sures, more people (5% - 6%) would be exposed to higher
noise levels. This is caused by factors like high population
density, increasing urbanization and mobility of people
and increasing goods transport. Other factors are the in-
crease in recreational activities and elevated possession,
and the use of sound equipment (29).

It is worth noting that, the above-mentioned factors
such as high population density and increasing urban-
ization, can be even more important and expose more
people to noise in the cities of developing countries. In
this regard, the results of the present research in Tabriz
city indicated that, 23.7% of people are exposed to higher
noise levels than 67 decibels and amount of calculated
total costs (including direct costs only) was equal to
119,926,467 € in year 2012. These high costs can be avoided
by preventive measures. In other words, the difference
between the high costs imposed by traffic noise in Tabriz
city and preventive costs, which can be spend to reduce
traffic noise health impacts, is too large. This can indi-
cate the necessity of planning and investment for con-
trol measures to secure the health of the society. In the
study of Naish et al. (30), which estimated health-related
costs of an acoustic balcony, it was shown that the use of
an acoustic balcony has great impact on reducing the ex-
penses of health due to traffic noise.

Willemijn carried out another study in which, he used
the hedonic method to analyze monetary valuation
of aircraft noise around Amsterdam airport in Neth-
erland. The findings of his study indicated that a mar-
ginal benefit of 1 dB noise reduction leading to a total
benefit of 1dB noise reduction of 574 million Euros (31).
In another study that was conducted by Watts et al. (32)
and Li etal. (33), it was shown that the presence of green
spaces such as grasslands, gardens etc. can also have a
large impact on reducing traffic noise. Therefore , con-
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trol measures with smaller costs can really reduce the
received noise by people with its adverse consequences.
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