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Abstract 

Traffic noise is a significant externality in urban areas that reduces the quality of 
life and may produce non-negligible effects on human health. The main factor 
responsible for traffic noise is individual transportation (cars and motorcycles) and 
the more congested the urban network, the higher the average level of traffic noise. 
An Urban Traffic Plan (UTP) is a tool for managing the urban mobility; in Italy 
the UTP is provided for under national laws and one of its objectives is noise 
abatement. The UTP manages the network (road directions, signal settings, etc.) 
without providing new infrastructures. In this paper, we test the effectiveness of 
UTPs in terms of noise abatement on a real case: the Urban Traffic Plan of 
Benevento. In this paper, we compare the estimated equivalent noise levels in 
several points of the town for the current scenario and for the (final) design 
scenario. Initial results show that, in order to evaluate the actual effectiveness of 
the UTP vis-à-vis traffic noise, some more comprehensive indicators have to be 
proposed: evaluating traffic noise reduction only in some points of the network 
cannot yield clear-cut results. 
Keywords:  traffic noise, urban traffic plan, sustainable mobility. 

1 Introduction 

Sustainable mobility is considered one of the main objectives of transportation 
planning, especially in urban areas, where congestion, air pollution and noise 
significantly lower the quality of life. Noise is one of the main externalities 
produced by road traffic; apart from a generic impact on the quality of life, traffic 
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noise may produce serious effects on human health, annoyance and sleep 
disturbance. These effects have been extensively studied and reported [1–7]. 
     In Italy, noise abatement is identified as one of the main objectives of Urban 
Traffic Plans (UTPs), together with (a) improvement in traffic circulation and  
(b) road safety, (c) reduction in air pollution and (d) energy saving. These 
objectives are explicitly laid down under Italian law by which implementation of 
a UTP is imposed on all towns and cities with over 30,000 inhabitants. The UTP 
is a tactical plan that should be updated every two years and should not consider 
infrastructural interventions (e.g. new roads) but only manage interventions on 
existing roads, on existing junctions (traffic signal parameters, kind of traffic 
regulations, etc.) and parking. 
     The Municipality of Benevento (southern Italy) designed a UTP mainly to 
reduce total travel times for road network users. In this paper, by means of some 
recent models proposed in the European Union, we test the impacts of this plan on 
traffic noise. 
     This paper is organised as follows: Section 2 examines the background to the 
problem; Section 3 examines the model adopted for evaluating traffic noise; 
Section 4 reports the results for the case study of Benevento and is followed by 
the conclusions in Section 5. 

2 Background 

Assessment and management of environmental noise is regulated in Europe by the 
European Directive 2002/49/EC [8] which defines the acoustic parameter for 
describing and quantifying noise; this parameter is the Lden (Level day-evening-
night) and aims to standardise measurements in the European Union so as to make 
data from different areas comparable. This parameter is calculated as follows: 
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where: 
Ld is the equivalent noise level during the day (7:00–19:00); 
Le is the equivalent noise level during the evening (19:00–23:00); 
Ln is the equivalent noise level during the night (23:00–7:00). 
 

     The unit of measurement for Lden and for equivalent noise levels is dB(A). The 
European Directive allows the evening period to be reduced by one or two hours, 
consequently increasing daytime and/or night-time periods. In the literature, 
several models for estimating the equivalent noise level have been proposed. 
These models usually estimate the equivalent noise level according to variables 
such as traffic flow, road surface, average vehicle speed, distance of the receptor 
from the traffic lane, percentage of heavy trucks and kind of pavement. A review 
of the models proposed prior to 2001 can be found in [9]. As regards papers 
dealing with traffic noise produced by roads, some models and methods can be 
found in [10–20]. Several studies have focused on specific cases, including those 
by Lam and Tam [21], Klæboe et al. [22, 23], Ali and Tamura [24], Pamanikabud 
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and Vivitjinda [25], Calixto et al. [26], Ali [27], Li and Tao [28], Piccolo  
et al. [29], Jamrah et al. [30], Cho and Mun [31], Murphy et al. [32], Oyedepo and 
Abdullahi [33], Pamanikabud and Tansatcha [34], Phan et al. [35], Agarwal and 
Swami [36], Mehdi et al. [37], Seong et al. [38], Di et al. [39], and Lam and Ma 
[40]. 
     As for the numerous models for estimating the equivalent noise level from road 
traffic, (homogenised) hourly traffic flow is universally considered as an input 
variable, while most models consider mean speed and some consider other 
variables as well (kind of road pavement, road slope, road width, etc.); some 
models calculate noise at a fixed distance, while for others distance is an input 
variable. As regards the models and methods for estimating traffic flows and 
speeds, the literature is very extensive. However, a complete review lies beyond 
the scope of this paper and here we refer only to [41–44].  

3 The CNOSSOS-EU model 

A recent and advanced model for estimating noise produced by road traffic was 
developed in the EU project CNOSSOS [45]. This model calculates the sound 
power emission of a traffic flow as follows: 
 

' , ,, , , ,
10 log ( / (1000 ))W i m m mW eq line i m

L L f v     (dB)                  (1) 
 

where: 
LW’,eq,line, i, m is the directional sound power per meter per hour per frequency 

band resulting from the vehicle flow; 
LW, i, m is the instantaneous directional sound power in “semi free-field” of 

a single vehicle; 
i  represents the octave band of frequency from 125 Hz to 4 kHz; 
m  represents the category of vehicles; 
fm is the steady traffic flow of vehicles of category m (veh/h); 
vm is the average speed of traffic flows (km/h). 
 
     There are four vehicle categories: 1) cars and light duty vehicles ≤ 3.5 t (light); 
2) duty vehicles and buses with two axles and twin tyres on the rear axle (medium); 
3) heavy duty vehicles and buses with three or more axles (heavy); and  
4) two-wheelers. In order to estimate the sound power emission of a single vehicle, 
two main noise sources are considered: 

 rolling noise due to the tyre/road interaction; 
 propulsion noise. 

     The general form of the sound power emitted by one of the sources is a function 
of the average speed vm as follows: 
 

)()( ,,,, mmimimmiW vfBAvL  , 
 

where f(vm) is a logarithmic function in the case of rolling noise (WR) and a linear 
function in the case of propulsion noise (WP). 
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     For vehicles belonging to categories 1, 2 and 3 the sound power level is the 
sum of the two contributions: 
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     For two-wheelers only propulsion noise is considered. 
     For rolling noise, the sound power level is expressed by: 
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where: 
AR,i,m and BR,i,m are coefficients reported in Table 1; 
vref is a reference speed equal to 70 km/h; 
ΔLWR,i,m is a correction term that considers the deviations from the reference 

conditions of the model. 
 

     The correction term is calculated as: 
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where: 
ΔLWR,road,i,m depends on the road surface; 
ΔLstudded tyres,i,m  considers vehicles equipped with studded tyres; 
ΔLWR,acc,i,m  considers the effects of rolling noise for acceleration when 

vehicles cross a signalised junction or a roundabout; 
ΔLW,temp(τ)  is a correction term for an average temperature other than 20°C 

(reference temperature). 
  

     The methods for estimating the correction terms are reported in the cited 
CNOSSOS research report [45]. 
     For propulsion noise, the sound power level is expressed by: 
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where: 
AP,i,m and BP,i,m are coefficients reported in Table 1; 
vref is a reference speed equal to 70 km/h; 
ΔLWP,i,m is a correction term that considers the deviations from the reference 

conditions of the model. 
 
     The correction term is calculated as: 
 

)()()( ,,,,,,,,,,, mmigradWPmiaccWPmmiroadWPmmiWP vLLvLvL  , 
 

where: 
ΔLWP,road,i,m depends on the road surface; 
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ΔLWP,acc,i,m  considers  the effects of rolling noise for the acceleration when 
the vehicles cross a signalised junction or a roundabout; 

ΔLWP,grad,i,m  is a correction term that considers the effects of the road 
gradient. 

 
     The methods for estimating the correction terms are reported in the cited 
CNOSSOS research report [45]. 
 

Table 1:  Coefficients of the CNOSSOS model [45]. 

  Coefficients for category m = 1 (cars) 
Octave band centre 

frequency(Hz) AR BR AP BP 

63 79.7 30.0 94.5 -1.3 
125 85.7 41.5 89.2 7.2 
250 84.5 38.9 88.0 7.7 
500 90.2 25.7 85.9 8.0 
1000 97.3 32.5 84.2 8.0 
2000 93.9 37.2 86.9 8.0 
4000 84.1 39.0 83.3 8.0 
8000 74.3 40.0 76.1 8.0 

 
 
     Having calculated the sound power levels for each frequency band, the  
A-weighted sound pressure level is calculated by summing all frequencies: 
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where: 
Ai indicates the A-weighting correction according to IEC 61672-1; 
i is the frequency band index. 
 
     The CNOSSOS model also gives information for estimating sound 
propagation. In this paper, our tests will concern only the sound pressure levels on 
some roads in the case study. 
 

4 The case study 

We estimate the effects of an Urban Traffic Plan (UTP) on noise reduction in 
Benevento, a town in southern Italy with about 62,000 inhabitants. The network is 
represented by a supply model (see Figure 1) with 949 road segments (1,577 
oriented links in the “Before” configuration), representing about 216 km of roads, 
678 nodes and 80 centroids (66 internal and 14 external). 
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     The municipality of Benevento drafted the UTP after consulting the 
Department of Engineering of the University of Sannio. The UTP was developed 
within the following steps, some of which were performed in parallel: 
1) Data and information collection. In this phase, all data and information 

necessary for implementing the plan were collected, such as the current 
transportation supply, available data on transportation demand, available 
maps, census data, etc. 

2) Identification of the study area and zoning. In this phase, the study area 
was identified and then partitioned into traffic zones so as to identify a finite 
number of trip origins and destinations. 

3) Implementation of the road transport supply model. In this phase, the 
model of the Benevento road network was constructed. The model was 
implemented in software Omnitrans 5 [46], adopted for simulating traffic 
flows and improving the OD matrices, generated in phase 5. 

4) Traffic flow surveys. In this phase, an extensive survey of traffic flows was 
designed and carried out, as required for the phase of estimation and 
correction of the OD matrices. 

5) Mobility demand estimation. In this phase the OD matrices were estimated 
through mathematical models; they summarise all trips that occur between 
the various zones of the town in different time periods. These matrices were 
improved by a correction procedure according to the traffic flows detected. 

6) Road traffic simulation in the current state. In this phase the current 
configuration of the road transport system was simulated. This phase is 
necessary both to collect data required for comparing the new scenarios 
with the current one (initial scenario), and to verify the proper 
implementation of the supply model and the correct estimation of transport 
demand. 

7) Proposal and comparison of new scenarios. In this phase different 
scenarios were proposed, simulated and compared with the current one 
from several standpoints (total travel times, consumption, emissions, etc.). 

8) Choice of the final scenario. In this phase the final project was identified, 
described and compared in detail with the current situation. 

     The final scenario was chosen after simulating over 80 different scenarios, with 
the decisive factor being the estimation of user total travel time. The interventions 
regarded the direction of some road segments and the configuration and/or control 
of some intersections. 
     It was estimated that the new configuration of the road network should provide 
a reduction in terms of total travel time in a weekday of about 1,556 h (-9.44%), 
equal to about 12.5 h/year saved for each circulating vehicle, a yearly reduction of 
about 862,000 litres of petrol and 562,000 litres of diesel fuel, an 8.0% annual 
reduction in greenhouse gas emissions and about a 7.7% reduction in PM10 
emissions. 
     In this paper, we verify whether there is also an improvement in terms of traffic 
noise, in addition to the other benefits listed above, estimating the parameter Lden 
(Level day-evening-night), adopting the CNOSSOS model to estimate the 
equivalent noise levels. 
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Figure 1: Road network of Benevento and test points. 

     The drafting of the UTP required implementation of the road network model 
(Figure 1) and estimation of transportation demand, represented by origin-
destination (OD) matrices. The origin destination matrices were estimated by 
following two steps: (i) using a mathematical model to obtain a first approximation 
of the OD matrices; (ii) correcting the obtained matrices using the traffic flows 
counted on several road sections. The traffic surveys were also able to estimate the 
variation in traffic flows during the day and the percentage of heavy vehicles. 
     There were four matrices generated, each of which can be adopted to estimate 
road traffic flows in some time periods: 
 morning peak-hour OD matrix (MPH); 
 afternoon peak-hour OD matrix (APH); 
 daily off-peak hour OD matrix (DOPH); 
 nightly off-peak hour OD matrix (NOPH). 
     We assume that each matrix is able to simulate traffic flows on the network in 
some hours of the day. Following the distinction between day, evening and night 
proposed by the European Directive 2002/49/EC [8] we assume the following 
scheme: 
 day (7:00–19:00): 1 MPH, 2 APHs and 9 DOPHs; 
 evening (19:00–23:00): 3 DOPHs and 1 NOPH; 
 night (23:00–7:00): 1 DOPH and 7 NOPHs. 
     Each of the four OD matrices is assigned to the road network so as to estimate 
four sets of link traffic flows and speeds and hence, with the CNOSSOS 
methodology, four sets of Lh

eq, denoted by: LMP
eq, LAP

eq, LDOP
eq and LNOP

eq. 
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     Under these assumptions, we can write: 
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     We estimated the values of Lden in 20 points of the network before and after the 
UTP, assuming flows and speeds obtained by the simulation model. In these tests 
we considered only the flows of personal cars, the main vehicle type on the urban 
network of Benevento. 
     The locations of the test points are reported in Figure 1 and the numerical 
results are summarised in Table 2. 

Table 2:  Numerical results. 

Test point LDen Before LDen After After-Before 
1 70.696 71.660 0.964 
2 72.678 73.623 0.946 
3 70.606 70.983 0.377 
4 69.623 69.737 0.114 
5 74.520 74.250 -0.270 
6 72.698 72.531 -0.167 
7 72.973 72.339 -0.633 
8 68.825 68.973 0.148 
9 71.372 71.306 -0.065 

10 69.652 69.218 -0.434 
11 71.464 71.455 -0.008 
12 71.511 71.385 -0.125 
13 74.332 74.175 -0.157 
14 73.917 73.525 -0.392 
15 65.286 66.948 1.662 
16 75.106 75.015 -0.091 
17 71.623 71.742 0.119 
18 72.460 72.622 0.163 
19 72.422 72.276 -0.146 
20 70.827 71.151 0.324 

 
     The results show that in some points, corresponding to some links of the urban 
network, we obtain a reduction in traffic noise (11 points) and in others an increase 
(9 points). The differences are generally lower than ± 2 dB(A). 
     These initial results are unable to provide a definitive response on the effects 
of the UTP on traffic noise. In order to evaluate the actual effects, we have to 
consider some indicators that can be applied on the whole network and that also 
consider the exposure of the inhabitants to different noise levels and/or the level 
of protection from noise in different urban areas. In future research, we will 
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investigate other approaches that may be able to estimate the variation in traffic 
noise on the whole network, with a view to proposing a general indicator that can 
be used to evaluate the goodness of UTP scenarios. 

5 Conclusions 

In this paper, we estimated the effects of an Urban Traffic Plan on traffic noise 
reduction, applying the model developed within the CNOSSOS EU Project to a 
real case study. Initial results show that in different points of the network the 
estimated traffic noise can be lower or higher than the current network 
configuration. The results highlighted the need to propose other, more 
comprehensive, indicators that can be used to estimate the effects of the UTP on 
traffic noise. Such indicators should take account of the traffic noise on the whole 
network and of the people exposed to traffic noise. Future research will be 
designed to propose such indicators and to verify the reliability of the CNOSSOS 
model with real traffic data and traffic noise surveys. 
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