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ABSTRACT

Large urban areas are facing growing problems of noise pollutions. Geospatial Information Systems (GIS)
can conveniently be adapted to gather, analyze and present noise information. GIS can also be extended
to answer to user specific problems through deterministic and statistics models. The objectives of this
research were to measure urban traffic noise levels, analyze temporal and spatial dynamics of urban
traffic-induced noise pollution in the first districted of Tehran estimate the noise for pollution
concentration, assess the results of Federal Highway Administration Traffic Noise Model (FHWA-TNM)
and Iranian Traffic Noise Predictor (ITNP); and represent them in a GIS environment. Measurements
were done at the traffic peak time and also when the traffic was at its minimum, during three successive
months. In this study, Leq, Lio, Lso, Leo, Lmax @nd Limin Were gathered. The results demonstrated that most of
commercial and residential regions surrounding the main streets are suffering from sever noise pollution.
Processed data, spatial analysis and models are integrated within the framework of ArcGIS software
environment, providing adequate tools to address noise issues. The assessment showed that the issue of
noise pollution is currently ignored in urban regulations concerning environmental quality.
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INTRODUCTION
The ever-increasing highway traffic noise in urban
areas amplifies certain problems that directly or

(FHWA) [11].
Piccolo stated that the amount of sound in Messina
was higher than the normal, thus, the urban

indirectly affect human daily life. The explosive
increases in the number of vehicles and higher vehicle
speeds cause greater highway problems to the
surrounding areas [1, 2, 3]. Well-documented adverse
effects of traffic noise are annoyance, sleep disturbance
and speech interference [4, 5, 6, 7, 8, 9]. About 120
million people in the European Union are disturbed by
road traffic noise levels above 55 dBA, and more than
50 million people are exposed to noise levels above 65
dBA [10]. The same fact was elaborated in the report
published in US by Federal Highway Administration
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environmental noise must be studied [12]. As stated in a
report, a relatively high percentage of people considered
the noise pollution as the biggest problem in London
metropolis where the traffic noise has been selected as
the main noise source by 23 % of people [13].
According to the American Speech, Language, and
Hearing Association, 10 million Americans suffer from
noise-induced hearing loss and 20 million are exposed
to potentially damaging noise levels. Hearing loss has
increased by 14% since 1971 [14].

Geospatial Information Systems (GIS) can be
effectively used in the gathering, weighting, analyzing
and presenting spatial and attribute information to
facilitate the management of environmental pollutions
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[15, 16]. GIS provides various tools to incorporate new
models for decision making process [17, 18].

Numerous traffic noise prediction models have been
developed, some of which are highly specific and solve
a reduced class of problems. The more popular ones
include the CRTN model in the UK, the FHWA-TNM
model in the US, the RLS90 model in Germany, the
OAL model in Austria, the Statens Planverk 48 model
in Scandinavia, the EMPA model in Switzerland, and
the ASJ model in Japan. FHWA-TNM is arguably the
most widely used noise model. The FHWA-TNM
(Federal Highway Administration Traffic Noise Model)
is a computerized model used for predicting noise
impacts in the vicinity of highways. It uses advances in
acoustics and computer technology to improve the
accuracy and ease of modeling highway traffic noise,
including the design of efficient, cost-effective highway
noise barriers [11].

Abo-qudais and Alhiary developed three statistical
models for predicting equivalent, maximum and
minimum noise levels at signalized intersections [19].
Tang and Wang analyzed the effects of urban forms on
the noise magnitude. They showed that urban layouts in
historical areas with narrower roads, complex road
networks and a higher density of intersections lead to
lower traffic volumes and thus lower noise pollution
[20].

Two dimensional and three dimensional maps have
been generated using GIS to analyze noise pollution
[21]. Scientifically compared FHWA-TNM, ACNG680,
and HNP and concluded that HNP, and ACN680 are
more suitable for assessing the noise level in their study
area. The findings of the study showed that FHWA-
TNM 2.5 over-predicts the absolute noise levels by an
average error of 2.0dBA compared to field
measurements with soft ground, while HNP predicts
more accurate absolute noise levels with an average
error of 0.5 dBA. Morallis and et al. assessed the noise
in Caracas through categorizing the city streets to four
groups based on their use. They presented several noise
density maps in which all the measured points have
noise higher than 50 dB [22].

A model of highway traffic noise was formulated
base on vehicle types [23]. Pamanikabud and
Tharasawatpipat investigated two existing and widely
used traffic noise prediction models, namely, FHWA-
TNM, and the UK’s Department of Environment (DOE)
[3]. The two models were tested to compare their
effectiveness when applied to the highway traffic and
roadway conditions in Singapore [24].

Golmohamadi and his colleagues proposed a new
model for predicting noise in Iranian cities, known here
as Iranian Traffic Noise Prediction (ITNP) [25]. The
prediction model is a statistical regression model based
on A-weighted equivalent noise level for Iranian traffic
conditions [26].

This study aimed at: quantifying temporal and
spatial dynamics of urban traffic-induced noise
pollution in the first districted of Tehran; assessing
noise levels based on national and international criteria;
evaluating the results of FHWA and ITNP models; and
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practicing GIS capabilities for presenting noise
information. In order to integrate measured noise in
different locations a loosely-coupled architecture, as an
approach with minimal risk in data integration, was
designed and implemented to invoke noise models from
GIS software. Location variability of noises was
estimated using ordinary co-kriging and represented in
ArcGIS 9.2.

MATERIALS AND METHODS

The datasets used in this research were the Ikonos
satellite image acquired on 2005, and 282 random
points data collected in the field using calibrated sound
level meters CELL-450 and Quest-2900. Preliminary
traffic information was obtained through city
authorities. Measurements were done at the traffic peak
time and also when the traffic was at its minimum,
during three successive months. The numbers of
crossing vehicles as well as their speeds were
documented. All data processing was carried out in
ArcGIS, and SPSS-W software environment. The study
area of this research was the first district of Tehran, the
capital city of Iran that is located in latitude 35° 45',
North and Longitude: 51° 30', East (Fig. 1). The district
faces a heavy traffic jam, and as such all major roads are
the subjects of this research. In the 20th century, Tehran
faced a large migration of people from all around Iran
such that the city population reached to 11 million
people in 2006. More than 3 million cars are running in
the city now. A survey of urban noise was done to
determine the positions of measurements using the
available city maps and Ikonos imagery. Four types of
survey practices were identified: receptor-oriented,
source-oriented, randomly chosen, and density-oriented
sampling methods [10]. In order to reduce any
systematic tendencies, random sampling was exercised
in this research.

For each location an 8 minutes observations were
gathered, and a weighted continuous equivalent sound
level Lq together with Ljg, Lso, Log, Limax and Ly, were
estimated at 1.5m above ground level. Measurement
locations and its distribution were depicted in Fig. 1 and
Table 1. All the measurements were done in the peak of
traffic during three months in the worst and the best
traffic conditions. At the first step, measurements were
performed at a distance of 0 m from the signal stop line.
At last in order to test noise models, several points at
distances of 100 and 200 meters from the main streets
were also measured. Traffic flow is gathered from
traffic control web cameras. In addition, passing
vehicles are recorded in place. The measurement is
performed in two distinguished classes: heavy traffic
(less than 5 km/h speed) and low traffic (greater than 5
km/h). The number of heavy trucks and busses are also
gathered and uploaded to the models. Statistical values
(Standard errors, mean errors, etc.) were then computed
for each station.

The measurements are imported to ITNP, and
FHWA-TNM environments. The most important factors
in these models are Traffic load, number of car, number
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Fig. 1. The study area and the locations of measurements

of trucks, means speed of car, road section length and
road section gradient. The road section gradient is
between 3 to 5 percent. The means of road section
length is 18274345 meter. The results are then
scientifically compared. A loosely-coupled architecture
was designed and implemented to invoke noise models
from GIS software. Loosely coupled architectures were
considered useful since the source data is subject to
frequent changes. Loosely coupled architecture
describes an approach where integration interfaces are
developed with minimal assumptions between the
sending/receiving parties, thus reducing the risk that a
change in one application/module will force a change in
another application.

In this research different modules implemented
using widely used standards as standalone utility
services such as interpolation service, statistical
parameters calculation service, and GPS data retrieve
[16]. The mentioned services provide a loosely coupled
architecture from which various business processes can
be assembled (Fig. 2). The term loose coupling is used
since prediction models and GIS have enough coupling,
to allow the transfer of data for pre-processing and
displaying results. To have close coupling would require
that the GIS and the model share the same data
structures, which is not be appropriate for disparate
systems. The positional changes of noise were mapped
using ordinary co-kriging interpolation technique in
ArcGIS software environment. Co-kriging is a statistical
interpolation method that uses data from multiple data
types to predict values of the primary data type. Co-
kriging also provides standard errors of the predictions.

Co-kriging is a moderately quick interpolator that can
be exact or smoothed depending on the measurement
error model. Co-kriging allows investigation of graphs
of cross-correlation and autocorrelation. Its main
advantage over other interpolation techniques is that it
assigns weights to observations on the basis of the form
of the variogram (or related function) rather than
assigning some arbitrary weighting function. A
variogram based on the error statistics were generated.
The variogram (also known as the semivariogram) is the
most commonly used measure of spatial variation in geo
statistics. Ordinary co-kriging with the spherical
variogram of distance to-road is fitted to create noise
maps in this research.
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Fig. 2. The designed loosely coupled system
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Table 1. The mean values of Leg, LPmax and Lpui in various traffic loads
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ch (dB) meax (dB) mein (dB)
Street Name Traffic density Traffic density Traffic density
High Low High Low High Low
Valiasr 78.4+1 68.8£1.2 99.5£1.9 87.7+4.5 61£1.6 51+1.1
Tajrish 78.9+1.2 68.6+1.1 99.5£1.9 88+6.4 60.1+£0.7 50.2+0.3
Shahrdari 76.1£1.9 66.4+2.7 97.6£1.5 86.9+1.3 58.1+£2.6 49.6+0.5
Gods 78.6£1.1 67.7£1.2 101£1.3 89.5+4.7 48.8+0.8 58.5+0.7
Shariati 77.4£1.3 67.6£1.3 98.9+0.8 86.8+2.6 51+2.3 60+0.96
Geytarich 77.3£1.2 74.2+0.9 89.3+2.4 85.4+0.5 51.4+0.9 55+1.3
Pasdaran 75.4+1 67.5£0.9 98.2+1.2 88.2+1.1 59.5+1.2 52.1£0.7
Kamranieh 76.7£1.7 72.4£1.8 95.6£2.5 90+2.5 53.8+1.5 50.4+1.3
Niavaran 76.2+1.2 65.7£1.6 98.8+1.4 85.3+1.2 58.7£1.6 51.1£1.3
Dezashib 75.1£1 65.2+0.8 99.242.1 85.8+0.9 59.1£1.3 51.1£0.9
Amar 78.6+0.6 69.1£1.2 100+1.3 89.7£2.2 52.3+0.7 50.6+0.4
Farmanieh 75.442 64.1+1.4 95.242.8 85.7+1.3 57.7+2.1 49.9+1.2
Kashanak 75.8+1.7 65.3+1.1 92.7+4.1 84.4+0.7 58.3+0.9 52.240.1
Darabad 75.1+2.8 66.7+3.3 91.8+3.7 86+2.7 56.2+2 50.3+1.3
RESULTS models, environmental conditions dominant over the

The mean noise levels of all the measured points
remained within the limits of [76.7+1.8 dB and 67.6+3.1
dB] (Table 1).

The analysis of mean values of 282 measurement
locations indicated that the limit values specified by the
International Standards Organization ISO 1996-1 and 2,
and local standards were exceeded at 95% of points.
With regards to street’s slope affect on the noise, it was
observed that moving upwards generate higher level of
noise when compared to downward movements.
Specifically, the amount of indicator L., in upwards
movement is 76.5+3.2 dB and downwards is 71.3+2.8
dB. T-pair test revealed that the two sets are statistically
similar at a 95% confidence level. The little variation
was attributed to the slight slopes of the study area.
Table 2 represents the L;o, Lsy, Lop values at the
measurement stations. The statistical results showed that
the amounts of L, in different traffic density conditions
have meaningful variations at a 95% confidence level.
Similar conclusions were made for other values such as
Lio, Lso, Loy at two different conditions of low and high
traffic times. In order to test the FHWA-TNM and ITN

Table 2. The mean values of Lo, Lso and Lo in various traffic loads

region (height of the buildings, coverage layer, and the
condition of street surface texture etc.) were measured.
Fig. 3 present comparison between two models FHWA
and ITNP around the street. The noise magnitudes at
100 and 200 meters away from the streets were
computed through the models and compared with field
observations. The two models passed from statistical
tests, and, therefore their differences are meaningless at
a 95% confidence level.

Such findings proved the validity and the accuracy
of the models in the study area. Fig. 3 represents the
variation of the models around the streets.

Fig. 4 demonstrates the spatial distribution map of
traffic noise in the heavy traffic time based on the
ordinary co-kriging method.

Fig. 5 demonstrates the spatial distribution map of
traffic noise in the low traffic time based on the ordinary
co-kriging method.

DISCUSSIONS

In this research, traffic-induced noise levels of the
city of Tehran district 1 were measured during the pick

L1 (dB) Lso (dB) Lpgo (dB)

Street Traffic density Traffic density Traffic density

High Low High Low High Low
Valiasr 77.4+1.1 67.7+0.9 69.2+0.9 59.5+0.9 62.9+1.5 53+1.6
Tajrish 77+1.4 67.2+1.1 64.8+0.5 58.6+1 61.5£0.9 51.8+0.6
Shahrdari 74.1+1.1 65.7£2.5 67+1.3 56.7+0.6 59.7+1.1 49.8+0.7
Niavaran 75.3£1.3 65.2+1.6 69.3+1.3 58.1£2.5 60.8+0.9 51.6+2
Farmanieh 74.8+2.1 63.4+1.5 68+1.7 57.4+1.2 59.9+1.7 51+1.4
Kamranieh 76+1.6 71.7£1.9 69.4+1.8 65.1£2 61.5£1.2 58.4+2.3
Kashanak 75.1+1.6 64.4+1.2 68.7+0.9 56.3+0.8 60.7+1.2 50+1
Pasdaran 74.9+0.8 66.8+0.8 69+1.3 58.7+1.7 60.3+1.3 51.9+0.9
Darabad 73.843.1 65.9+3.3 66.6+3.3 58.6+3.6 59.8+2.4 52.3+3.5
Geytariech 73.4+0.7 76.3%+1 69.3+1.3 66.4+£0.9 62.2+1.3 60+1
Dezashib 73.5+1.1 64.4+0.5 67.7+0.7 58.3+0.7 60.7+0.4 51.4+0.9
Shariati 75.8+1.2 67+0.96 68.7+1.2 59.1+1.4 60.7+1.2 52.242.3
Amar 77.1£0.8 68.4+1.1 70.8+1.7 61.6+2 61.4+1 54.5+1.9
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Fig. 4. Spatial distribution map of traffic noise in high traffic load
based on the ordinary co-kriging method

and low traffic times and compared with the national
and international limit values for noise. The results
showed that the measured noise levels exceeded the
limit values except for 5% of points. The statistical
assessment showed that there exist significant spatial-
temporal variations of traffic noise in the study area.
The evaluations were also revealed that the results of
the two competing traffic noise models; FHWA-TNM
and ITNP were statistically similar.

Processed data, spatial analysis and models are
loosely-integrated within the framework of the GIS
project, enabling wurban authorities to address
environmental protection issues. Such configuration
allows subsystems to operate independently of each
other, and to have data sharing transparent to the end-
user. An ordinary co-kriging is performed to estimate
the noise magnitudes and map the noise levels. Co-
kriging is a moderately quick interpolator that can be
exact or smoothed depending on the measurement error
model. Co-kriging also provides standard errors of the
predictions. This research indicated that the upward and
downward movements of heavy vehicles result in
statistically similar noise levels. The reason was
assigned to the study area’s slight slopes. Li and his
collogues developed an integrated GIS traffic noise

B Kilometers

Fig. 5. Spatial distribution map of traffic noise in low traffic time
based on the ordinary co-kriging method.

prediction model based on data obtained from Beijing
highways and neighborhoods. The model produced
results comparable in accuracy with those of the
FHWA-TNM model already in use in China. The
integrated noise-GIS system provides general functions
for noise modeling as well as tools for noise abatement
design. The new system has improved both the accuracy
and efficiency of urban noise management in the
Chinese contexts. The paper also statistically confirmed
the use of FHWA-TNM to predict sound pollution
caused by traffic [1].

The study of the L, Loy and Lsy showed that the
background noise in the region was higher than the
standards. The reason was attributed to the population
density of the residential areas. The assessment showed
that the issue of noise pollution is currently ignored in
urban regulations concerning environmental quality.
Priority should be given to the inspection of traffic
vehicles, particularly, public transportation vehicles
such as minibuses and buses to prevent the noise
pollution at its sources. Preventative and protective
measures are just burgeoning. Managing traffic noise is
a challenging task for environmental managers and
urban planners. Traffic noise measurement, analysis,
prediction models, and visualization are important tools
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when planning for more environmentally friendly
highways. The tools are equally important in noise
mitigation strategies [14].

The most significant factor for increase in traffic
induced noise pollution for the city of Tehran is the
privately owned outdated vehicles. Public transportation
must be encouraged to replace the personal cars, as each
bus can conveniently function instead of 25 personal
cars.
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