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Road traffic noise is one of the major environmental issues affecting city dwellers’ human health and well
being in an urban environment. This study develops a method to assess measures to reduce traffic noise
by modeling and quantifying its impact on the population near the main roads inside the urban perim-
eter. An iterative scenario projection process based on the interaction of a Geographic Information Sys-
tem (GIS) and a computational noise prediction module was proposed. Applying it to an actual case
study in Santiago, Chile proved the applicability of the method. Several noise control measures were
assessed including new road surfaces and traffic volume and speed reductions. The noise prediction
model was able to simulate the effect of different action plans by combining single measures. Resulting
noise levels at most exposed façades of 20 road corridors were assessed using two criteria: sleep distur-
bance at hospitals/clinics and noise limits by Chilean Technical Standard NCh 352. The method presented
may be an effective tool to support authorities in their decision-making process concerning action plans
to reduce road traffic noise.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction The development of a specific road traffic noise management
Road traffic noise is one of the major issues affecting human
health and well being in urban environments. It affects city dwell-
ers’ quality of life degrading residential, social and labor environ-
ments. The exposure to noise levels above 65 dB(A) entails
adverse, accumulative and direct effects on human health such
as auditory loss, sleep disturbance as well as cardiovascular and
psychophysiological problems. Moreover, noise has socio-cultural,
esthetic and economic costs [1].

In the city of Santiago, Chile, road traffic noise is the main
source of environmental noise accounting for about 80% of total
noise pollution. In 2001, 83.7% of its inhabitants lived or worked
in areas where noise levels exceeded the threshold of risk of hear-
ing loss. In some center districts, equivalent sound pressure levels
(Leq) exceeded 80 dB(A) during daytime [2]. Nevertheless, this is-
sue has received little attention by local authorities; there is a lack
of an exhaustive inventory of grey areas and there is no docu-
mented environmental noise policy or specific road traffic noise
regulations and abatement action plans. In this context, managing
road traffic noise is a challenging task for urban planners and envi-
ronmental authorities.
strategy or noise action plan selection is a necessary part of a
pro-active approach to environmental noise management [3].
According to SMILE [4], the implementation of control measures
for traffic noise emission permits decreasing the global levels of
noise pollution, thus reducing the environmental noise impact on
the population.

Therefore, the objective of this study is to propose a method for
quantitative evaluation of the effectiveness of measures to reduce
road traffic noise. An iterative scenario projection process based on
the interaction of a Geographic Information System (GIS) and a
computational noise prediction module is proposed. Coelho and
Alarcão [5], de Kluijver and Stoter [6], Hamed and Effat [7], Li
et al. [8] and Pamanikabud and Tansatcha [9] have proven the effi-
cacy of the combined use of noise prediction models and GIS to
evaluate environmental noise by managing data, visualizing noise
spatial distribution and quantifying their effects on population.

It is expected that the results of this study will contribute to im-
prove the processes of strategic planning and decision-making for
governmental authorities.
2. Method

The proposed method is based on a scenario projection process
where GIS interacts with a noise prediction module as shown in
Fig. 1.
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Fig. 1. Conceptual scheme of the proposed method.
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2.1. Step 1: input data

Input data required by the noise prediction software is defined
and the evaluation points are selected from the baseline informa-
tion of noise levels. Roads and topography data are inserted into
GIS to manage them as thematic layers. Non-spatial data such as
noise levels, traffic flow and road surface are inserted into GIS as
additional attributes.
2.2. Step 2: noise mapping, actual scenario

Geometric and acoustic models of each evaluation point are cre-
ated in a sound prediction module. A 3D model of evaluation
points is created; actual buildings are characterized with their spa-
tial distribution, dimensions and coefficient of acoustic reflection
depending on the materials of the most exposed façades. Road axes
Fig. 2. Evaluation points and ma
are detailed according to width, number of lanes, surface and traf-
fic sense. The maximum allowed speed and actual traffic flow de-
fined as the number of vehicles per hour, segregating heavy and
light vehicles, is also entered.

The noise prediction module generates contour noise maps of
the influence area for the evaluation points corresponding to the
base scenario, using Ld indicator, representative of daytime Leq le-
vel in dB(A).

2.3. Step 3: model validation/calibration

The predictive model is calibrated using a linear regression
analysis. Predicted noise levels in the exact location of the station
measurement (defined as sidewalk receptor) are compared. The
validity of the sound prediction is determined according to the
range of ±3 dB(A) proposed by Lee et al. [10].

2.4. Step 4: selection of measures

Road traffic noise control measures implemented in other cities
are reviewed and selected according to their potential applicability
to the city of study.

2.5. Step 5: noise mapping, projected scenarios

Scenarios associated to selected measures are projected. Single
and combined measures are compared. The measure analysis is an
iterative process based on the comparison of Ld levels of projected
and base scenarios at the sidewalk receptor location.

2.6. Step 6: noise impact assessment

The assessment criterion for proposed measures depends on the
risks associated with daytime road traffic noise exposure to inhab-
itants according to specific environments. In this study, noise levels
at most exposed façades of residential and hospital buildings are
assessed.

3. Results

The method was applied in the city of Santiago, Chile following
the steps described above.
in trunk roads of Santiago.



Table 1
Selected measures according to noise emission control category.

Category Measure description Name

Traffic flow reduction Reduction of 30% in the average light
and medium weight vehicles daytime
flow

R30

Speed reduction Maximum speed limit of 40 km/h for
heavy vehicles

V40

Road surface improvement Current road surface improvement/
replacement

SP
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3.1. Case study: input data

A baseline noise levels study developed by the Ministry of
Transportation and Telecommunications [11] defined actual noise
levels; this study registered equivalent sound pressure level on
the main trunk roads of Santiago. The measurement stations were
located on the sidewalk 2 m from the road at a height of 1.5 m
above the ground. Twenty evaluation points were selected
Fig. 3. (a) Single measures noise reduction and
corresponding to the five highest noise levels on five main avenues
having at least one point of each public transportation category,
according to the criteria used by SESMA [12]. SECTRA [13] defined
the traffic flow of the main roads of Santiago. Traffic flow was de-
fined as the number of heavy and medium/light vehicles per hour.
Urban highways were not considered due to the low feasibility of
noise control measures implementation on the source. In addition,
three kinds of actual road surfaces were identified: asphalt, con-
crete, paving stones.
3.2. Case study: noise mapping, actual scenario

The acoustic and geometric models for the twenty evaluation
points were generated as shown in Fig. 2. The standard RLS 90
was selected as a predictive standard due to the high correlation
it predicts between measured and projected levels [10,14,15] and
the penalty that this algorithm applies to the acoustic emission
of heavy vehicles [16] which is coherent with the noise emission
levels of Chilean public transportation.
(b) combined measures noise reduction.



Table 2
Noise limit levels according to actual use and assessment criteria.

Building
actual use

Criterion Ld limit in dB(A)
at façade

Residential Habitability: suitable 55
Habitability: normally suitable 60
Habitability: suitable with possible
nuisance

65

Habitability: unsuitable with insulation
lower than 30 dB(A)

70

Habitability: unsuitable with insulation
lower than 35 dB(A)

75

Habitability: unsuitable >75
Hospital/

clinic
Interference with sleep/recovery 50
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3.3. Case study: model validation/calibration

The predictive model was validated comparing baseline noise
levels Ld in dB(A) with the base scenario projection at each evalu-
ation point. The resulting correlation coefficient was R = 0.968 with
a level of significance superior to 99%. The deviation oscillated
from 0.1 to 2.2 dB(A). The predictive module overestimated in situ
measurements of 0.8 dB(A). This value is consistent with the re-
sults of similar studies [8,17,18] and was defined as a calibration
factor of sound prediction module.

3.4. Case study: selection of measures

Road traffic noise control measures applied in the European
Community [4] with potential implementation in the Chilean con-
text were selected avoiding legal contradictions with current
Fig. 4. Noise map at Bern

Table 3
Number of residential façades according to habitability criteria.

Habitability criterion Base scenario R30 + SP s

Façade A Façade B Façade A

Suitable 0 10 0
Normally suitable 0 3 0
Suitable with nuisance 0 0 0
Unsuitable with insulation < 30 dB(A) 2 0 2
Unsuitable with insulation < 35 dB(A) 3 0 3
Unsuitable 0 0 0
standards. Measures with better noise emission reduction index
were prioritized dismissing defensive actions such as acoustic bar-
riers and improvements in household insulation. Measures with
high social and economic cost were neither considered nor were
technological changes and improvements in public and private
vehicles. Selected noise emission control measures are shown in
Table 1. The first category discarded any heavy flow reduction
due to the actual insufficient offer of public transportation in the
area of study. The second category did not consider measures with
speed limit reduction for light and medium weight vehicles for its
possible increase in actual traffic congestion; the maximum speed
limit proposed for heavy vehicles considered the existence of
exclusive corridors for public transportation. As roads in Santiago
are poorly maintained, the third category proposed the replace-
ment of current road surfaces.

Exclusive corridors allow the proposed speed reduction, with-
out generating negative effects on medium and light traffic flow,
as well as enable stable speeds making possible an increase in
34.8% in actual commercial speed of public transportation [13].
3.5. Case study: noise mapping, projected scenarios

The noise emission reduction of proposed measures is shown in
Fig. 3a and b. Fig. 3a shows the results of single measures at each
evaluation points and Fig. 3b presents the effect of combined mea-
sures. The irregular response of road surface improvement mea-
sures is due to the existence of paving stones and/or the bad
condition of roads at evaluations points 4, 9, 13, 14, 15 and 17.

Combined measures R30 + SP, V40 + SP and R30 + V40 + SP
achieved the best average noise emission reduction with 2, 2.2
and 2.8 dB(A), respectively. Therefore, these three scenarios were
selected for assessment.
ardo O’Higgins Ave.

cenario V40 + SP scenario R30 + V40 + SP scenario

Façade B Façade A Façade B Façade A Façade B

11 0 11 0 12
2 0 2 0 1
0 0 0 0 0
0 5 0 5 0
0 0 0 0 0
0 0 0 0 0



Fig. 5. Noise map at Santa Rosa Ave.

Fig. 6. Noise map at Vitacura Ave.
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3.6. Case study: noise impact assessment

The effectiveness of R30 + SP, V40 + SP and R30 + V40 + SP sce-
narios was assessed in terms of inhabitant impact comparing day-
time noise levels with recommended values for community noise
at the most exposed façades of specific environments. In addition,
the façades were categorized according to spatial location [19]; the
most exposed façades in the first and second row were denomi-
nated A and B, respectively. Two assessment criteria were applied
(a) habitability according to the Chilean technical standard NCh
352-1 [20] for the façades with actual residential use and (b) inter-
ference with sleep/recovery noise limits recommended by the
World Health Organization [1] for hospital façades. Table 2 pre-
sents the noise limit levels according to each criterion. Standard
acoustic building insulation of 20 dB(A) was applied.

Five first-row and thirteen second-row residential façades were
identified at the evaluation points. The number of façades B is
higher than façades A due to the fact that the evaluated areas in-
clude main roads where most exposed buildings tend to have com-
mercial use. According to habitability criteria, there are no actual
first row façades suitable for residential use in the evaluated areas.
Proposed measures did not change this situation but did achieve
avoiding noise levels over 80 dB(A) as shown in Fig. 4. The pro-
jected scenario achieved to reduce the impact increasing the total
number of suitable second-row façades as shown in Table 3.
The impact of measures over noise sensitive receptors was as-
sessed at hospitals façades. Noise sensitive receptors were defined
for users of health facilities/buildings for whom the need of sleep
and rest is critical for recovery. Two public hospitals and four pri-
vate clinics were recognized at evaluation points. As in the case of
residential receptors, most first-row façades in conflict in the base
scenario did not vary their conditions after the projection of mea-
sures. This is due to the buildings being near the roads, thus the
emission line. Nevertheless, after the projection of R30 + V40 + SP
scenario there are no first row façades with noise levels over
80 dB(A) at any evaluation points. Noise contour maps comparing
base with R30 + V40 + SP scenarios at two health facilities, Hospital
San Borja located on Santa Rosa Avenue and Hospital Militar lo-
cated on Vitacura Avenue, are shown as example in Figs. 5 and 6.

When considering the total number of façades, all the projected
scenarios reduce the conflict cases of the base scenario. Scenarios
that considered speed limits for heavy vehicles were the most
effective reducing by 30% the number of façades in conflict.

4. Conclusions

The proposed method presents an alternative to the impact cri-
teria for number of population affected displayed on large-scale
strategic maps. This method based on scenario projections at spe-
cific evaluation points proves to be useful when large-scale census
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data is not available. Moreover, considering actual building use
over predefined land use enables differentiating the kinds of recep-
tors in a specific evaluation area. This detailed evaluation delivers
additional information to the obtained by the macro vision of stra-
tegic noise maps. This is particularly relevant for assessing the
environmental noise impact over sensitive receptors. In addition,
the proposed method gives an adequate framework for selecting,
quantifying and assessing the impact over population for road traf-
fic noise control measures thus constituting a support tool for deci-
sion-making processes concerning local action plans.

In the case study framework, it was possible to prove that the
RLS-90 algorithm shows a good correlation between the measured
and projected noise levels proving to be an adequate tool for road
traffic noise prediction in the Chilean context. Specifically, pro-
jected scenarios with a speed limit of 40 km/h for heavy vehicles
achieved a 30% reduction for the total number of façades in conflict
according to noise thresholds recommended for most sensitive
receptors.

Additionally, it was possible to eliminate actual road traffic
noise levels over 80 dB(A) at all the evaluation points. The number
of second row façades in conflict was reduced. Nevertheless none
of the proposed scenarios could reduce the number of conflict
cases in first-row residential façades. This fact suggests the need
to include noise as a variable in land use planning processes and
the need to create buffer zones to guarantee the acoustic comfort
for the most sensitive receptors.

References

[1] Berglund B, Lindvall T, Schwela DH, editors. Guidelines for community
noise. Geneva: World Health Organisation; 1999.

[2] SESMA. Estudio actualización de niveles de ruido del Gran Santiago 1989–
2001. Servicio de Salud Metropolitano del Ambiente; 2001.

[3] Naish D. A method of developing regional road traffic noise management
strategies. Appl Acoust 2010;71:640–52.
[4] SMILE. Guidelines for road traffic noise abatement. Brussels: Sustainable
Mobility Initiatives for Local Environment; 2006.

[5] Coelho JLB, Alarcão D. Noise mapping and noise action plans in large urban
areas. In: TecniAcustica 2005. Terrassa; 2005.

[6] de Kluijver H, Stoter J. Noise mapping and GIS: optimizing quality and
efficiency of noise effect studies. Comput Environ Urban Syst
2003;27(1):85–102.

[7] Hamed M, Effat W. A GIS-based approach for the screening assessment of noise
and vibrations form transit projects. J Environ Manage 2006;65:285–394.

[8] Li B, Tao S, Dawson RW, Cao J, Lam K. A GIS based road traffic noise prediction
model. Appl Acoust 2002;63:679–91.

[9] Pamanikabud PY, Tansatcha M. Geographical information system for traffic
noise analysis and forecasting with the appearance of barriers. Environ Modell
Softw 2003;18:959–73.

[10] Lee SW, Chang S, Park YM. Utilizing noise mapping for the environmental
impact assessment in a downtown redevelopment area of Seoul. Korea. Appl
Acoust 2007;69(8):704–14.

[11] MTT. Evaluación ambiental estratégica del programa de transporte público de
Santiago. Ministerio de Transportes y Telecomunicaciones; 2007.

[12] SESMA. Método de medición de nivel de ruido en vías urbanas con transporte
public. Servicio de Salud Metropolitano del Ambiente; 2004.

[13] SECTRA. Análisis de escenarios de diseño para Transantiago. Orden de trabajo
No. 2. Informe Final. Secretaría Interministerial de Planificación de Transporte;
2007.

[14] Calixto A, Dinitz F, Zannin P. The statistical modeling of road traffic noise in an
urban setting. Cities 2003;20(1):23–9.

[15] Wetzel E, Nicolas J, Andre Ph, Boreux JJ. Modeling the propagation pathway of
street traffic noise: practical comparison of German guidelines and real-world
measurements. Appl Acoust 1999;57:97–107.

[16] Arana M, Martínez De Vírgala A, Aleixandre A, San Martín ML, Vela A. Modelos
de predicción del ruido de tráfico rodado. Comparación de diferentes
standards europeos. In: II Iberian Congress of Acoustics, Madrid; 2000.

[17] Alimohammadi I, Nassiri P, Behzad M, Hosseini MR. Reliability analysis of
traffic noise estimation in highways of Tehran by Monte Carlo simulation
method. Iran J Environ Health Sci Eng 2005;2(4):229–36.
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