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ABSTRACT 

The prediction of noise through theoretical and computational models has gained in the last years an 

increasingly significant role in the planning and management of it. With this increase in relevance, it 

became crucial that these models produce very similar results, if not identical, to real situations. The 

existence of various models for the various sources of noise, each with its features, led to a problem, 

namely the comparison of the predicted results from the different models. It is this problem that 

CNOSSOS-EU addresses significantly, since a common method is set for each noise source. 

This dissertation aims to assess to what extent the CNOSSOS-EU model differs from the existing, 

commonly used, models and if the predicted noise levels are closer to reality, or if the main attribute is 

to establish itself as a common evaluation method legally defined by the European Commission to be 

used by all EU Member States. This assessment is based on a theoretical comparison of models and 

their outcomes, together with a comparison of several simulations and with real acoustic 

measurements undertaken in urban scenarios. A complete programming in MATLAB of the       

NMPB-1996, NMPB-2008 and CNOSSOS-EU models was therefore developed and implemented by 

the author. 

The outcome of the several comparisons done allow concluding that the CNOSSOS-EU model does 

not present a considerable improvement relative to the other existing models considered, despite the 

results obtained may be more accurate compared to reality, which is, however, yet unclear because 

the comparison between CNOSSOS-EU model predicted noise levels and the  measured noise levels 

is not conclusive. CNOSSOS-EU implementation is still essential and it is justified in order for all EU 

member states to be provided with an official common model thus allowing the creation of a 

comparable database and the development of a more structured and consistent European noise 

policy. 
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RESUMO 

A previsão de ruido através de modelos teóricos e computacionais ganhou, nos últimos anos, um 

papel cada vez mais significativo no planeamento e gestão do mesmo. Com esse aumento de 

relevância, tornou-se fundamental, que esses modelos produzissem resultados muito próximos, se 

não iguais, às situações reais. A existência de vários modelos, para as várias fontes de ruido, cada 

qual com as suas características, conduziu a um problema, a comparação dos resultados dos 

diferentes modelos. É este problema que o CNOSSOS-EU aborda de forma significativa, uma vez 

que vem definir um método comum para cada fonte de ruido. 

Esta dissertação tem como objetivo aferir se o CNOSSOS-EU é melhor que os modelos já existentes, 

comummente usados, ou se o seu principal atributo é estabelecer-se como um método comum de 

avaliação legalmente definido pela Comissão Europeia a ser utilizado por todos os Estados Membros 

da UE. Essa aferição será baseada numa comparação teórica dos modelos e respectivos resultados, 

juntamente com uma comparação de várias simulações e com medições acústicas reais realizadas 

em cenários urbanos. A programação completa em MATLAB dos modelos, NMPB-1996,   

CNOSSOS-EU e NMPB-2008 foi, portanto, desenvolvido e implementado pelo autor. 

O resultado das várias comparações feitas permitem concluir que o modelo CNOSSOS-EU não 

apresenta uma melhoria considerável em relação aos outros modelos existentes considerados, 

apesar dos resultados obtidos poderem ser mais precisos em relação à realidade, o que, no entanto, 

ainda não está claro pois a comparação entre os níveis de ruído calculados pelo modelo    

CNOSSOS-EU e os níveis de ruído medidos não é conclusiva. A implementação do modelo 

CNOSSOS-EU é ainda assim essencial e é justificada para que todos os estados membros da UE 

tenham disponível um modelo comum oficial permitindo assim a criação de um banco de dados 

comparáveis e o desenvolvimento de uma política europeia de ruído mais estruturada e consistente. 

 

 

PALAVRAS-CHAVE: CNOSSOS-EU; Previsão de ruído; Ruído Rodoviário; Modelos; Avaliação 

 

 

 

 

 

 



vii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

CONTENTS 

 

ABSTRACT ............................................................................................................................................. iv 

RESUMO ................................................................................................................................................. vi 

CONTENTS ........................................................................................................................................... viii 

TABLES ................................................................................................................................................... xi 

FIGURES ............................................................................................................................................... xiii 

ABBREVIATIONS .................................................................................................................................. xiv 

1. INTRODUCTION ................................................................................................................................. 1 

1.1. OBJECTIVES ............................................................................................................................... 2 

1.2. DESCRIPTION OF THE WORK DONE ....................................................................................... 3 

2. FRAMEWORK ..................................................................................................................................... 5 

2.1. NOISE .......................................................................................................................................... 5 

2.2. NOISE POLICIES ......................................................................................................................... 6 

2.3. ROAD NOISE LEGISLATION ...................................................................................................... 7 

2.3.1 Europe .................................................................................................................................... 7 

2.3.2 Portugal ................................................................................................................................ 12 

2.4 MODELS FOR ROAD NOISE PREDICTION .............................................................................. 13 

3. BASIC CONCEPTS ........................................................................................................................... 16 

3.1. PHYSICS OF SOUND ................................................................................................................ 16 

3.1.1. Amplitude, Frequency, Wavelength And Velocity ............................................................... 16 

3.1.2. Sound Field Definitions........................................................................................................ 18 

3.1.3. Frequency Analysis ............................................................................................................. 18 

3.1.4. Filtering ................................................................................................................................ 19 

3.2. QUANTIFICATION OF SOUND ................................................................................................. 20 

3.2.1. Sound Power and Intensity ................................................................................................. 20 

3.2.2. Sound Pressure Level ......................................................................................................... 20 

3.2.3. Sound Intensity Level .......................................................................................................... 22 

3.2.4. Sound Power Level ............................................................................................................. 22 

3.2.5. Combining Sound Pressures ............................................................................................... 22 

3.3. PSYCHO-ACOUSTICS .............................................................................................................. 25 

3.3.1. Loudness ............................................................................................................................. 25 

3.3.2. Pitch ..................................................................................................................................... 26 

3.3.3. Masking ............................................................................................................................... 26 

3.3.4. Frequency Weighting ........................................................................................................... 26 

3.4. NOISE EVALUATION INDICES AND BASIS FOR CRITERIA .................................................. 27 

3.4.1. Types of Noise ..................................................................................................................... 27 



ix 
 

3.4.2. Types of Noise Sources ...................................................................................................... 28 

3.4.3. Equivalent Continuous Sound Pressure Level .................................................................... 29 

3.4.4. A-weighted and C-weighted Sound Exposure .................................................................... 29 

3.4.5. Day-evening-night level and night level ............................................................................... 29 

4. CNOSSOS-EU .................................................................................................................................. 31 

4.1. DEFINITIONS AND SYMBOLS .................................................................................................. 31 

4.1.1. Point source ......................................................................................................................... 31 

4.1.2. Source line/source line segment ......................................................................................... 31 

4.1.3. Traffic model ........................................................................................................................ 31 

4.1.4. Receiver .............................................................................................................................. 31 

4.1.5. Propagation plane ............................................................................................................... 31 

4.1.6. Propagation path/geometrical cross‐section ....................................................................... 32 

4.1.7. Ray path .............................................................................................................................. 32 

4.1.8. Sound power ....................................................................................................................... 32 

4.1.9. Meteorological effects.......................................................................................................... 33 

4.1.10. Frequency range and band definitions .............................................................................. 33 

4.2. ROAD TRAFFIC NOISE SOURCE EMISSION ......................................................................... 33 

4.2.1. Source description ............................................................................................................... 33 

4.2.2. Sound power emission ........................................................................................................ 34 

4.3. SOUND PROPAGATION ........................................................................................................... 38 

4.3.1. Scope and applicability of the model ................................................................................... 38 

4.3.2. Set‐up of the model ............................................................................................................. 38 

4.3.3. Sound propagation model ................................................................................................... 39 

5. ASSESSMENT OF THE CNOSSOS-EU MODEL ............................................................................ 49 

5.1. INTRODUCTION ........................................................................................................................ 49 

5.2. COMPARATIVE ANALYSIS OF CNOSSOS-EU WITH NMPB-1996+GDB80 .......................... 49 

5.2.1. Emission model ................................................................................................................... 50 

5.2.2. Propagation model .............................................................................................................. 53 

5.3. SIMULATED SCENARIOS ......................................................................................................... 56 

5.3.1. Base parameters values ...................................................................................................... 57 

5.3.2. Scenario results obtained with base parameters values ..................................................... 58 

5.3.3. Simulations Map for analysis of parameters variations ....................................................... 61 

5.3.4. Parameters Variation ........................................................................................................... 62 

5.3.5. Summary of the simulated scenarios results....................................................................... 72 

5.4. EXPERIMENTAL EVALUATION ................................................................................................ 74 

5.4.1. Acoustic measurements ...................................................................................................... 74 

5.4.2. Comparison of the experimental measures with simulation ................................................ 78 

6. CONCLUSIONS ................................................................................................................................ 83 



x 
 

7. REFERENCES/BIBLIOGRAPHY ...................................................................................................... 89 

7.1. REFERENCES ........................................................................................................................... 89 

7.2. BIBLIOGRAPHY ......................................................................................................................... 92 

8. APPENDIX ........................................................................................................................................ 96 

8.I. REAL MEASURES ...................................................................................................................... 96 

8.II. SIMULATIONS ........................................................................................................................... 97 

8.II.I. TRAFFIC COMPOSITION 1 ................................................................................................. 97 

8.II.I.I. G=0 ..................................................................................................................................... 97 

8.II.I.II. G=1 .................................................................................................................................... 99 

8.II.II. TRAFFIC COMPOSITION 2 .............................................................................................. 100 

8.II.II.I. G=0 .................................................................................................................................. 100 

8.II.II.II. G=1 ................................................................................................................................. 102 

8.III. TABLE OF COEFFICIENTS FOR SOUND POWER EMISSION OF ROAD VEHICLES ....... 104 

8.IV. SOFTWARE CADNA A SIMULATIONS ................................................................................. 105 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

TABLES 

 

Table 1 - Sound level limits evolution ...................................................................................................... 8 

Table 2 - Sound level limits - Regulation (EU) No 540/2014 ................................................................... 9 

Table 3 - Sound level limits for two and three wheelers - 97/24/EEC ................................................... 10 

Table 4 - Sound level limits - Reg. 168/2013 ........................................................................................ 11 

Table 5 - Preferred octave and one-third octave frequency bands [Hansen, 2001] ............................. 19 

Table 6 - Noise types and their measurement [Hansen, 2001] ............................................................. 28 

Table 7 - Vehicle Categories [Kephalopoulos et al., 2014] ................................................................... 34 

Table 8 - K coefficient ............................................................................................................................ 36 

Table 9 - G values for different types of ground [Kephalopoulos et al., 2012] ...................................... 42 

Table 10 - Correspondence between notations (Gm,Gw,Gpath,G'path) ..................................................... 45 

Table 11 - Comparative analysis of the Emission model ...................................................................... 50 

Table 12 - Sound emission data ............................................................................................................ 51 

Table 13 - Emission values difference between GdB 1980 and CNOSSOS-EU .................................. 51 

Table 14 - Emission values difference between HGV and LV .............................................................. 53 

Table 15 - Propagation .......................................................................................................................... 53 

Table 16 - NMPB-1996 - Attenuation due to ground formulas .............................................................. 54 

Table 17 - NMPB-1996 - Attenuation due to ground variable formulas ................................................ 54 

Table 18 - Attenuation due to boundary ................................................................................................ 55 

Table 19 - Attenuation due to diffraction ............................................................................................... 55 

Table 20 - Base parameters values ...................................................................................................... 57 

Table 21 - Traffic composition - CNOSSOS-EU.................................................................................... 57 

Table 22 - Traffic composition - NMPB ................................................................................................. 58 

Table 23 - Simulations results - Base Values (1) - G=0 ........................................................................ 59 

Table 24 - Simulations results - Base Values (2) - G=0 ........................................................................ 59 

Table 25 - Differences - Base Values - G=0 ......................................................................................... 59 

Table 26 - Simulations results - Base Values (1) - G=1 ........................................................................ 60 

Table 27 - Simulations results - Base Values (2) - G=1 ........................................................................ 60 

Table 28 - Differences - Base Values - G=1 ......................................................................................... 61 

Table 29 - Differences - Base Values - G=0-G=1 ................................................................................. 61 

Table 30 - Parameters values ............................................................................................................... 62 

Table 31 - Average levels difference ..................................................................................................... 73 

Table 32 - Locations' geometrical dimensions ...................................................................................... 74 

Table 33 - Atmospheric conditions (source: www.IPMA.pt) .................................................................. 74 

Table 34 - Measurements...................................................................................................................... 74 

Table 35 - Case Conditions ................................................................................................................... 78 

Table 36 - Results comparison .............................................................................................................. 80 

Table 37 - Measurements data ............................................................................................................. 96 

Table 38 - Nº vehicles during the measured time ................................................................................. 96 

Table 39 - Estimated nº of vehicles for an hour, considering that the flux will be always uniform ........ 96 

Table 40 - Estimated nº of vehicles for an hour, considering that the flux will be always uniform ........ 96 

Table 41 - Speed limits as defined in the Portuguese street code (Artigo 27º Lei n.º 72/2013, de 3 de 

setembro)............................................................................................................................................... 97 

Table 42 - software CADNA A inputs .................................................................................................... 97 

Table 43 - Speed variation .................................................................................................................... 97 

Table 44 - % Heavy Vehicles variation .................................................................................................. 97 

Table 45 - % Favourable conditions variation ....................................................................................... 97 

Table 46 - Distance SR variation ........................................................................................................... 98 

Table 47 - Gradient variation ................................................................................................................. 98 

Table 48 - Speed variation .................................................................................................................... 98 



xii 
 

Table 49 - % Heavy Vehicles variation .................................................................................................. 98 

Table 50 - % Favourable conditions variation ....................................................................................... 98 

Table 51 - Distance SR variation ........................................................................................................... 98 

Table 52 - Gradient variation ................................................................................................................. 98 

Table 53 - Barrier height variation ......................................................................................................... 99 

Table 54 - Speed variation .................................................................................................................... 99 

Table 55 - % Heavy Vehicles variation .................................................................................................. 99 

Table 56 - % Favourable conditions variation ....................................................................................... 99 

Table 57 - Distance SR variation ........................................................................................................... 99 

Table 58 - Gradient variation ................................................................................................................. 99 

Table 59 - Speed variation .................................................................................................................... 99 

Table 60 - % Heavy Vehicles variation ................................................................................................ 100 

Table 61 - % Favourable conditions variation ..................................................................................... 100 

Table 62 - Distance SR variation ......................................................................................................... 100 

Table 63 - Gradient variation ............................................................................................................... 100 

Table 64 - Barrier height variation ....................................................................................................... 100 

Table 65 - Speed variation .................................................................................................................. 100 

Table 66 - % Heavy Vehicles variation ................................................................................................ 100 

Table 67 - % Favourable conditions variation ..................................................................................... 101 

Table 68 - Distance SR variation ......................................................................................................... 101 

Table 69 - Gradient variation ............................................................................................................... 101 

Table 70 - Speed variation .................................................................................................................. 101 

Table 71 - % Heavy Vehicles variation ................................................................................................ 101 

Table 72 - % Favourable conditions variation ..................................................................................... 101 

Table 73 - Distance SR variation ......................................................................................................... 101 

Table 74 - Gradient variation ............................................................................................................... 102 

Table 75 - Barrier height variation ....................................................................................................... 102 

Table 76 - Speed variation .................................................................................................................. 102 

Table 77 - % Heavy Vehicles variation ................................................................................................ 102 

Table 78 - % Favourable conditions variation ..................................................................................... 102 

Table 79 - Distance SR variation ......................................................................................................... 102 

Table 80 - Gradient variation ............................................................................................................... 102 

Table 81 - Speed variation .................................................................................................................. 103 

Table 82 - % Heavy Vehicles variation ................................................................................................ 103 

Table 83 - % Favourable conditions variation ..................................................................................... 103 

Table 84 - Distance SR variation ......................................................................................................... 103 

Table 85 - Gradient variation ............................................................................................................... 103 

Table 86 - Barrier height variation ....................................................................................................... 103 

Table 87 - Coefficients for category m=1 vehicles (Table III.A.1.) ...................................................... 104 

Table 88 - Coefficients for category m=2 vehicles (Table III.A.2.) ...................................................... 104 

Table 89 - Coefficients for category m=3 vehicles (Table III.A.3.) ...................................................... 104 

Table 90 - Coefficients for category m=4a vehicles (Table III.A.4.) .................................................... 104 

Table 91 - Coefficients for category m=4b vehicles (Table III.A.5.) .................................................... 104 

Table 92 - MATLAB vs CADNA A ....................................................................................................... 105 

 

 

 



xiii 
 

FIGURES 

 

Figure 1 - Representation of a sound wave .......................................................................................... 16 

Figure 2 - Typical sound pressure levels ............................................................................................... 21 

Figure 3 - Equal loudness contours - "Fletcher-Munson" curves .......................................................... 26 

Figure 4 - Frequency weighting characteristics for A and C networks .................................................. 27 

Figure 5 - Types of propagation paths .................................................................................................. 32 

Figure 6 - Lanes and Source Lines ....................................................................................................... 34 

Figure 7 - Mean ground plane ............................................................................................................... 42 

Figure 8 - Determination of the ground coefficient Gpath ........................................................................ 43 

Figure 9 - Geometry of a calculation of the attenuation due to diffraction ............................................ 46 

Figure 10 - Path difference - Homogeneous conditions ........................................................................ 47 

Figure 11 - Path difference - Favourable conditions ............................................................................. 47 

Figure 12 - Emission values for one vehicle.......................................................................................... 52 

Figure 13 - Simulated scenarios ............................................................................................................ 56 

Figure 14 - Simulations map.................................................................................................................. 62 

Figure 15 - Aerial photos of the measurements locations.. ................................................................... 75 

Figure 16 - Photos of the measurement site 1 - Eixo Norte-Sul............................................................ 75 

Figure 17 - Vertical profile of measurement site 1 - Eixo Norte-Sul ...................................................... 76 

Figure 18 - Plan and software CADNA A view - Site 1 - Eixo Norte-Sul ............................................... 76 

Figure 19 - Photos of the measurement site 2 - LISPOLIS ................................................................... 76 

Figure 20 - Vertical profile of measurement site 2 - LISPOLIS ............................................................. 77 

Figure 21 - Plan and software CADNA A view - Site 2 - LISPOLIS ...................................................... 77 

Figure 22 - Photos of the measurement site 3 - 2ª Circular .................................................................. 77 

Figure 23 - Vertical profile of measurement site 3 - 2ª Circular ............................................................ 78 

Figure 24 - Plan and software CADNA A view - Site 3 - 2ª Circular ..................................................... 78 

Figure 25 - Sound level spectra for the acoustic measurements and corresponding simulation.......... 82 

 

 

 

 

 

 

 

 

 

 



xiv 
 

ABBREVIATIONS 

 

BCE   Before Christian Era 

CNOSSOS-EU  Common Noise Assessment Methods  

dB   decibel 

dB(A)   A-weighted decibel 

EAP   Environment Action Programme 

EC   European Commission  

EEA   European Environment Agency 

END    Environmental Noise Directive 

EPA   United States Environmental Protection Agency 

EU   European Union  

EU MS   European Union member states 

GdB80   Guide du bruit des Transports Terrestres, 1980 

Hz   hertz 

ISO   International Organization for Standardization 

Lden   A weighted 24-hour average of the noise levels during the day, evening, and 

   night 

Leq,T   Equivalent continuous sound level 

LAeq,T   A-weighted equivalent continuous sound level 

Lp   Sound pressure level 

Lw   Sound power level 

LV   Light vehicles 

HGV   Heavy goods vehicles  

NMPB-1996  Bruit des infrastructures routières - méthode de calcul incluant les effets 

   météorologiques - NMPB-Routes-96 

NMPB-2008  NMPB-Routes-2008 

RGR   Regulamento Geral do Ruído 

WHO   World Health Organisation  



xv 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

1. INTRODUCTION 

Silence by itself is not a desirable goal because sound is part of life, however not all sounds should be 

accepted as needed in life, so what society needs is a balanced soundstage, a perfect equilibrium 

between sound, noise and silence. 

Along with the industrial and technological development an increase in noise production occurred and 

because of that noise has been linked to progress, almost as if it is its byproduct. Because of this link 

people have some predisposition to accept noise in their lives. However, over the past years, people's 

awareness to noise has been increasing which led to the development of studies on the impact of 

noise on public health and to noise policymaking. 

Recent studies from the World Health Organisation (WHO) [Berglund, Lindvall, & Schwela, 1999; 

WHO Europe, 2009, 2011] proved a direct relationship between noise and health risks. And it has also 

been proved that road traffic is the noise source which raises in general more issues and discomfort in 

terms of annoyance.  

It is reported that in European countries: 

 1 million healthy life-years are lost from traffic-related noise every year 

 every third person in the WHO European Region is affected by traffic noise 

 about 40% of the population is exposed to road traffic noise levels exceeding 55 dB(A)  

 more than 30% of the population is exposed to levels exceeding 55 dB(A) at night 

The Noise in Europe 2014, the first noise assessment report from the European Environment Agency 

(EEA) reinforces the conclusion, that noise pollution is a major environmental health problem: 

 road traffic is the most dominant source of environmental noise with an estimated 125 million 

people affected by noise levels greater than 55 decibels (dB) - Lden 

 environmental noise causes at least 10 000 cases of premature death in Europe each year; 

 almost 20 million adults are annoyed and a further 8 million suffer sleep disturbance due to 

environmental noise; 

 over 900 000 cases of hypertension are caused by environmental noise each year; 

 noise pollution causes 43 000 hospital admissions in Europe per year; 
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Taking that into account it is clear why the prediction of noise has been gaining importance along the 

strategies to manage and reduce noise exposure. Until a few years ago the normal procedure was to 

act on the existing sources, nowadays, proactive planning is the way to go. The use of predictive 

models allows to estimate the values of noise exposure in the study area, as well as allowing the 

development of scenarios in order to find the best solution.  

There are many noise prediction models for different types of noise sources: road, railway, aircraft and 

industrial. Each model has their own specifications regarding data quality and validity of application 

and this fact can be an issue when one tries to compare results obtained by each of them. In addition, 

differences in the used methodological approaches made it difficult (if not impossible) to obtain 

consistent and comparable figures on the number of people being exposed to noise levels within and 

across European Union (EU) member states (MS). [EEA, 2014; European Commission, 2011; 

Kephalopoulos et al., 2014; Licitra & Ascari, 2014] 

In response to this problem, the European Union, following its Noise Policy Green Paper from 1996 

[European Commission, 1996], approved the Environmental Noise Directive 2002/49/EC (END) 

[“Directive 2002/49/EC of 25 June 2002 (END),” 2002]. This directive aims to avoid, prevent or reduce 

the harmful effects of the exposure to environmental noise, requiring noise maps and action plans 

(noise policy) to be made. 

In accordance with Article 6.2 of the END, the European Commission undertook the development of 

Common Noise assessment methods (CNOSSOS-EU) that represent a harmonised and coherent 

approach to assess noise levels from the main noise sources (road, rail and aircraft traffic, and 

industrial noise) [Kephalopoulos et al., 2012]. 

The implementation of CNOSSOS-EU will be a fundamental step to harmonise noise assessment 

practices in Europe since it will allow all countries to have a common approach to noise prediction 

which has been developed and discussed by experts from many countries in an attempt to present a 

complete, updated and reliable model. A full comparability of the assessment results will thus be 

achieved, which will make easier the definition and implementation of common noise policies. The full 

implementation of CNOSSOS-EU will be achieved when the process of software implementation 

addressing the definition and the implementation of a common model, finishes, which is expected to 

be on time for the 2017 mapping round [Licitra & Ascari, 2014]. 

1.1. OBJECTIVES 

This dissertation aims to assess the CNOSSOS-EU model for road traffic noise prediction. This 

assessment is conducted in two parts. The first one is a comparison of CNOSSOS-EU with the 

recommended interim model "NMPB-Routes-1996/XP S 31-133 + Guide du bruit 1980" [CERTU et al, 

1980, 1997] and also with the NMPB-2008  [Sétra, 2009, 2011], which is an update of this model. The 

second one consists of a comparison of the CNOSSOS-EU model with real measurements for 

different case studies. 
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This way, it shall be possible to conclude on the reliability and applicability of the new CNOSSOS-EU 

model and to ascertain if the change from the recommended interim model to CNOSSOS-EU is 

noteworthy and relevant.  

1.2. DESCRIPTION OF THE WORK DONE  

To achieve the objectives of this dissertation several tasks have been conducted. These are described 

in the following paragraphs. 

The tasks can be grouped in two different groups, one related to a more theoretical component and 

the other to a more practical one.  

The first one, based on a theoretical research, includes an introduction to the sound/noise/acoustic 

thematic where it is possible to see how noise as been addressed along the years, when did noise 

policies started to appear and what is the actual relevant legislation in terms of road noise. As well 

includes a brief description about the main European models for road noise prediction. A chapter 

about sound basic concepts is also included, this chapter allows a better understanding about 

sound/noise, like what it is and how to quantify it. 

Also in this group, and with a direct relation to the dissertation objective, it is a description of the main 

aspects and characteristics of CNOSSOS-EU. As well as the comparative analysis between 

CNOSSOS-EU and NMPB-1996, which describes the main conceptual differences between the 

models and intend to realize if the existent differences are in the key elements of the models and how 

significant are these differences, if they are significant or just details. This comparative analysis results 

from the study of the compared models, through the documents shown in bibliography. This last part is 

fundamental because it sets a base for the results analysis.  

When this dissertation began to be written, there was not any software available, or if there was, it was 

not public, that allowed to do simulations with the newly developed CNOSSOS-EU model. Post this, 

and knowing that one of the main objectives of this study is the comparison of results between 

different models for various case studies, it was required to develop a computer program that 

implemented the CNOSSOS-EU model for road noise. In addition, it was also necessary to implement 

NMPB-1996 and NMPB-2008 models in a similar computer program in order to obtain comparable 

results for the different scenarios studied. All these software implementations, which constitute a 

significant work of this dissertation, were based on the following documents CNOSSOS-EU 

[Kephalopoulos, Paviotti, & Anfosso-Lédée, 2012], NMPB-2008 part 1 and 2 [Sétra, 2009, 2011], 

NMPB-1996 [CERTU, 1997], GdB80 [CERTU, 1980], XP S 31-133 [Wölfel Meßsysteme (Software 

GmbH & Co), 2003]. 

However, at an advanced stage of this work, a beta version of the CADNA A software became out, 

which has integrated a version of the CNOSSOS-EU model. Taking into account the work done so far, 
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it was found appropriate to compare the results of this beta version with the results obtained through 

MATLAB implemented models. 

In order to evaluate the behaviour of the CNOSSOS-EU model to parameter variations a specific base 

scenario was designed that represented a typical road situation. This base scenario was simulated 

with the developed MATLAB software and the results of several simulations were compared and 

analyzed. This task was complemented with simulations obtained with the CADNA A software for the 

purpose of reassurance. 

Finally, measurements were done with a sound level meter in three different places, representative of 

typical urban environments. Two of these places are near two major roads that cross Lisbon, where 

the traffic flow is considerable high and characterized by medium to high speeds (70-100 km/h). The 

main differences between these two places, besides one being closer to the road than the other, the 

main difference is one have a slope relative to the sound measurement place while the other stay in 

the same height. The third place is situated near local access road, where the traffic flow is therefore 

smaller an with lower speeds, thus representing a not so noisy environment. 

The measurements were made with a friend's help because it was needed to also make a video of the 

road at the same time that the acoustic measurements were recorded. The videos served the purpose 

of posterior counting of the vehicles that contributed to the noise emission of that particular 

measurement place. All the measurements were done in the same day, after the morning rushing 

hour, to have a more continuous traffic flow. Two measurements were done for each of the three 

different places. 

The real scenarios, scenarios where the real measurements were made, were replicated in MATLAB 

simulations with the purpose of testing the developed models and reach some conclusions about the 

validity and applicability of them. For the same purpose the real scenarios were also replicated in 

CADNA A simulations, which also contributed to reach some conclusions about the models developed 

for the cases of NMPB-2008 and NMPB-1996. 
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2. FRAMEWORK 

2.1. NOISE 

When someone asks what noise is, usually the answer is "It's an unwanted sound". That answer, 

though simple, is correct. However, will a sound be always unwanted? It will be unwanted for 

everyone? No. Every person has a self interpretation of a sound which could also be influenced by 

when they hear it. 

Taking into account the subjectivity of what noise is for common persons, a different approach should 

be used. So, noise will be referred to as a sound that negatively affects human health as currently 

defined by the World Health Organization (WHO): 

"Health is a state of complete physical, mental and social well-being and not merely the absence of 

disease or infirmity." [WHO, 1948] 

Using this WHO definition, and knowing that the main factors influencing the hazardousness to human 

health are sound intensity and exposure duration, it is possible to have a more pragmatic approach to 

the problem in order to develop policies and measures that are effective to address this subject. 

The relationship between noise and humans started a long time ago and ever since humans have 

tried to maintain a balance between the harmful effects and the utilities of the noise or the 

products/activities that produce it.  

The impact of noise on human health is well proven today, but already in the 5th century BCE, 

Hippocrates identified the prolonged noise exposure as often cause of tinnitus. [Goldsmith, 2014] 

The first known noise ordinance dates back to the 6th century BCE in which the council of the 

province of Sybaris, a Greek colony in the Aegean, ruled that potters, tinsmiths, and other tradesmen 

had to live outside the city walls because of the noise they made. [Goldsmith, 2014] 

One of the major sources of noise is road traffic and Julius Caesar was aware of it back in 44 BCE 

when he ruled that "no one shall drive a wagon along the streets of Rome or along those streets in the 

suburbs where there is continuous housing after sunrise or before the tenth hour of the night". 

[Goldsmith, 2014] 

Nowadays, urban noise is a big concern because cities continue to grow and consequently increasing 

the number of the potential noise sources and of the people exposed to them. But, urban noise is not 

only a problem of the present days, the first references to London as a noisy city date from the 15th 

century. [Goldsmith, 2014] 
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The end of the 18th century and the beginning of the 19th century was the period that contributed to 

the most significant increase in man-made noise in history; this period is usually known as the 

industrial revolution. [Goldsmith, 2014] 

The measurement of noise is fundamental to the experimental assessment of true noise exposure 

levels and also for the validation of prediction models. The first noise-measuring device, the Rayleigh 

disc, was invented in 1880. However, it was only in 1957 that a noise ordinance specified the 

maximum allowed noise levels. [Goldsmith, 2014] 

Despite noise being gradually seen as a health problem, by 1971 it still continues to be disregarded, 

and a WHO working group stated: "Noise must be recognized as a major threat to human well-being." 

[Suter, 1991] 

Studies on the influence of noise continue appearing along the years, like the 1975 Arline Bronzaft 

study, which showed that the performance of students was adversely affected by environmental noise. 

[Bronzaft, 2000; Bronzaft & McCarthy, 1975]  

Since the late 1970's till today, the awareness towards the effects of noise has been, gradually, 

increasing. For that greatly contributed the studies on the effects of noise on man, which have been 

developed over time, together with the adoption of noise policies. 

2.2. NOISE POLICIES 

Noise policies must be developed from different perspectives: from a local level to a community level 

through the national level. Generally the upper level serves as guidelines to the lower levels. 

Regardless of the level, the policies should have substantially the same objectives undergoing the 

management, control and reduction of noise. 

As previously said, noise policies, or their predecessors, date back to the 6th century BCE but it was 

only in the 1970's that the relevant ones started to appear and to be rightly implemented. 

In the United States, the Noise Control Act of 1972 established a national policy to promote "... an 

environment for all Americans free from noise that jeopardizes their health and welfare". [United 

States Environmental Protection Agency, 1996] 

In Europe, the different policies summed up to attempt limiting transport noise, particularly from the 

1970's until the 1990's, focusing mainly on fixing maximum sound levels for certain types of vehicles. 

In the mid-1990s, it became clear that noise policies should not only be directed towards the sound 

source, but also towards the reception side. The Green Paper on Future Noise Policy, issued in 1996, 

marked the beginning of a new approach to the problem (it was the first step in the development of a 

noise policy with the aim that no person should be exposed to noise levels which endanger health and 

quality of life) and culminated in the Environmental Noise Directive (END), which requires all EU MS to 
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elaborate noise maps for all major agglomerations and major transportation infrastructures, and to 

develop action plans. [European Commission Research & Innovation - Transport, 2012] 

Nowadays, as presented in the General Union Environment Action Programme to 2020 (GUEAP 

2020), one can expect that: "In order to safeguard the Union’s citizens from environment-related 

pressures and risks to health and well-being, the 7th EAP shall ensure that by 2020: (b) noise pollution 

in the Union has significantly decreased, moving closer to WHO recommended levels;" "This requires, 

in particular: (ii) implementing an updated Union noise policy aligned with the latest scientific 

knowledge, and measures to reduce noise at source, and including improvements in city design;" 

[European Commission (GUEAP 2020), 2014] 

Portugal established in 1987 for the first time at the national level the so-called "Regulamento Geral do 

Ruído", a legal structure to handle noise production and mitigation. In 2000 this document was 

revised, with the approval of the "Regime Legal sobre a Poluição Sonora", and the prevention of noise 

and control of noise pollution took a step further. The current legislation on noise is encompassed in 

the 2007 "Regulamento Geral do Ruído", which results from the need to harmonize the Portuguese 

legislation with the new EU environmental noise indicators and to amend certain aspects, in order to 

facilitate the reading of the law. [Perez, Leite, Guedes, & Bernardo, 2007] 

2.3. ROAD NOISE LEGISLATION 

Legislation it is a key step for policies implementation, because it represents a law which has been 

promulgated (known officially and publicly). 

European legislation can be seen as a guide legislation for all MS. Each MS needs to adapt his own 

legislation to the requisites of the European one, if this does not occur, the MS can be penalized. Only 

if MS respect and follow the European legislation is it possible to apply a integral and effective policy, 

in many different areas. 

In the following, the actual and relevant legislation in Europe and Portugal is presented. 

2.3.1 Europe 

 DIRECTIVE 70/157/EEC
1
 [“Council Directive of 6 February 1970 (70/157/EEC),” 1970] 

The directive applies to "any motor vehicle intended for use on the road, with or without bodywork, 

having at least four wheels and a maximum design speed exceeding 25 kilometres per hour, with the 

exception of vehicles which run on rails, agricultural tractors and machinery and public works 

vehicles." (Article 1)  

                                                           
1
 Amended several times along the years; last ammendment 1992. Date of end of validity: 30/06/2027; Repealed 

by Regulation (EU) No 540/2014 of the European Parliament and of the Council of 16 April 2014 [Official Journal 
L 158 57 27.5.2014];   
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This directive describes the conditions and methods of measurement besides setting up the limits 

values for the noise levels of the mechanical parts and exhaust systems of motor vehicles. 

Table 1 - Sound level limits evolution 

 

 REGULATION (EU) No 540/2014 [“Regulation (EU) No 540/2014 of the European Parliament 

and of the Council of 16 April 2014,” 2014] 

It is the most recent European Regulation on the sound level of motor vehicles and of replacement 

silencing systems. 

Applies to "vehicles of categories M1, M2, M3, N1, N2 and N3, as defined in Annex II to Directive 

2007/46/EC, and to replacement silencing systems and components thereof type-approved as 

separate technical units designed and constructed for vehicles of categories M1 and N1." (Article 2)  

                                                           
2 

According to Annex II to Directive 2007/46/EC 

Vehicle 

Category
2
 

Description of vehicle category Limit values expressed in dB(A) 

  70/157/EEC 77/212/EEC 84/424/EEC 92/97/EEC 

M Vehicles used for the carriage of passengers  

M1 

power to mass ratio ≤ 120 kW/1 000 kg 

82 80 77 74 

120 kW/1 000 kg < power to mass ratio ≤ 160 kW/1 

000 kg 

160 kW/1 000 kg < power to mass ratio 

power to mass ratio > 200 kW/1 000 kg number of 

seats ≤ 4 R point of driver seat ≤ 450 mm from the 

ground 

M2 

mass ≤ 2 500 kg 
84 81 

78 76 

2500 kg < mass ≤ 3 500 kg 79 77 

3500 kg < mass ≤ 5 000 kg; rated engine power ≤ 

135 kW 

89 82 

80 78 

3500 kg < mass ≤ 5 000 kg; rated engine power > 

135 kW 
83 80 

M3 

rated engine power ≤ 150 kW 80 78 

150 kW <rated engine power ≤ 250 kW 
91 85 83 80 

rated engine power > 250 kW 

N Vehicles used for the carriage of goods  

N1 
mass ≤ 2 500 kg 

84 81 
78 76 

2 500 kg < mass ≤ 3 500 kg 79 77 

N2 
rated engine power ≤ 135 kW 

89 86 83 78 rated engine power > 135 kW 

N3 

rated engine power ≤ 150 kW 

150 kW < rated engine power ≤ 250 kW 
91 88 84 80 

rated engine power > 250 kW 
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This Regulation defines new sound level limits and introduces a different test method from that laid 

down in Directive 70/157/EEC, once studies showed that the test method used under that Directive no 

longer reflected real life driving behaviour in urban traffic. It is expected that this regulation will help 

reduce noise by around 25%. [European Commission Growth, 2015] 

It shall apply from 1 July 2016 and repeals Directive 70/157/EEC from 1 July 2027
3
. 

Table 2 - Sound level limits - Regulation (EU) No 540/2014 

                                                           
3 

Article 14 (1) [“Regulation (EU) No 540/2014 of the European Parliament and of the Council of 16 April 2014,” 
2014]

 

4 
According to Annex II to Directive 2007/46/EC 

5
 Phase 1 applicable for new vehicle types from 1 July 2016 

6
 Phase 2 applicable for new vehicle type from 1 July 2020 and for first registration from 1 July 2022 

7
 Phase 3 applicable for new vehicle type from 1 July 2024 and for first registration from 1 July 2026 

Vehicle 

Category
4
 

Description of vehicle category Limit values expressed in dB(A) 

  Phase 1
5
 Phase 2

6
 Phase 3

7
 

M Vehicles used for the carriage of passengers  

M1 

power to mass ratio ≤ 120 kW/1 000 kg 72 (a) 70 (a) 68 (a) 

120 kW/1 000 kg < power to mass ratio ≤ 160 kW/1 000 kg 73 71 69 

160 kW/1 000 kg < power to mass ratio 75 73 71 

power to mass ratio > 200 kW/1 000 kg number of seats ≤ 4 R point 

of driver seat ≤ 450 mm from the ground 
75 74 72 

M2 

mass ≤ 2 500 kg 72 70 69 

2500 kg < mass ≤ 3 500 kg 74 72 71 

3500 kg < mass ≤ 5 000 kg; rated engine power ≤ 135 kW 75 73 72 

3500 kg < mass ≤ 5 000 kg; rated engine power > 135 kW 75 74 72 

M3 

rated engine power ≤ 150 kW 76 74 73 (b) 

150 kW <rated engine power ≤ 250 kW 78 77 76 (b) 

rated engine power > 250 kW 80 78 77 (b) 

N Vehicles used for the carriage of goods  

N1 
mass ≤ 2 500 kg 72 71 69 

2 500 kg < mass ≤ 3 500 kg 74 73 71 

N2 
rated engine power ≤ 135 kW 77 75 (b) 74 (b) 

rated engine power > 135 kW 78 76 (b) 75 (b) 

N3 

rated engine power ≤ 150 kW 79 77 76 (b) 

150 kW < rated engine power ≤ 250 kW 81 79 77 (b) 

rated engine power > 250 kW 82 81 79 (b) 

 

Limit values shall be increased by 1dB (2 dB(A) for N3 and M3 categories) for vehicles that meet the relevant definition for  

off-road vehicles set out in point 4 of Part A of Annex II to Directive 2007/46/EC. 

For M1 vehicles the increased limit values for off-road vehicles are only valid if the technically permissible maximum laden 

 mass > 2 tonnes. Limit values shall be increased by 2 db(A) for wheelchair accessible vehicles and armoured vehicles, as 

defined in Annex II to Directive 2007/46/EC. 

(a) M1 vehicles derived from N1 vehicles: M1 vehicles with an R point > 850 mm from the ground and a total permissible laden 

mass more than 2 500 kg have to fulfil the limit values of N1 (2 500 kg < mass ≤ 3 500 kg). 

(b) + two years for new vehicle type and + one year for new vehicles registration. 



10 
 

 

 DIRECTIVE 97/24/EC
8
  [“Directive 97/24/EC of 17 June 1997,” 1997] 

This directive applies to "all types of vehicles as defined in Article 1 of Directive 92/61/EEC", namely 

"all two or three-wheel motor vehicles, twin-wheeled or otherwise, intended to travel on the road, and 

to the components or separate technical units of such vehicles." [“Council Directive 92/61/EEC of 30 

June 1992,” 1992] 

It sets permissible sound levels for two and three wheel vehicles and their exhaust systems, including 

replacement parts, and provides measures to counter tampering. The disturbance generated by these 

vehicles is often pointed out by the European citizen and is associated with single events and peak 

noise levels. 

Table 3 - Sound level limits for two and three wheelers - 97/24/EEC 

 

 

 

 

 

 

 

 

 

 

 

 REGULATION (EU) No 168/2013 [“Regulation (EU) No 168/2013 of the European Parliament 

and of the Council of 15 January 2013,” 2013] 

This is the most recent European Regulation on the approval and market surveillance of two- or three-

wheel vehicles and quadricycles. 

Applies to "all two- or three-wheel vehicles and quadricycles as categorised in Article 4 and Annex I 

(‘L-category vehicles’), that are intended to travel on public roads, including those designed and 

constructed in one or more stages, and to systems, components and separate technical units, as well 

as parts and equipment, designed and constructed for such vehicles. 

This Regulation also applies to enduro motorcycles (L3e-AxE (x = 1, 2 or 3)), trial motorcycles (L3e-

AxT (x = 1, 2 or 3)) and heavy all terrain quads (L7e-B) as categorised in Article 4 and Annex I." 

(Article 2)  

                                                           
8
 Amended several times along the years. Date of end of validity: 31/12/2015; Repealed by Regulation (EU) No 

168/2013 of the European Parliament and of the Council of 15 January 2013 [Official Journal L 60 52 2.3.2013];   
 

Sound level Limits 

Vehicle Category 
dB (A) 

97/24/EEC 

Two-wheel mopeds  

≤ 25 km/h 66 

> 25 km/h 71 

Three-wheel mopeds 76 

Motorcycles  

≤ 80 cm
3
 75 

> 80 ≤ 175 cm
3
 77 

> 175 cm
3
 80 

Tricycles 80 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31997L0024
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This Regulation establishes the administrative, technical and market surveillance requirements for the 

type-approval of all new vehicles, systems, components and separate technical units. 

It shall apply from 1 January 2016 and repeals Directive 97/24/EC as well as Directives 93/14/EEC, 

93/30/EEC, 93/33/EEC, 93/93/EEC, 95/1/EC, 2000/7/EC, 2002/24/EC, 2002/51/EC, 2009/62/EC, 

2009/67/EC, 2009/78/EC, 2009/79/EC, 2009/80/EC and 2009/139/EC. 

Table 4 - Sound level limits - Reg. 168/2013 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
There are no changes from the Directive 97/24/EEC referring to the sound level limits. 

 

 DIRECTIVE 2002/49/EC
9
 - Environmental Noise Directive (END) [“Directive 2002/49/EC of 

25 June 2002 (END),” 2002] 

This Directive applies to "environmental noise to which humans are exposed in particular in built-up 

areas, in public parks or other quiet areas in an agglomeration, in quiet areas in open country, near 

schools, hospitals and other noise sensitive buildings and areas." (Article 2.1) 

The END aims to “define a common approach intended to avoid, prevent or reduce on a prioritised 

basis the harmful effects, including annoyance, due to the exposure to environmental noise”. It also 

aims at providing a basis for developing EU measures to reduce noise emitted by major sources, in 

                                                           
9
 Amended by the following acts: Regulation (EC) No 1137/2008 of the European Parliament and of the Council of 

22 October 2008 [Official Journal L 311 1 21.11.2008] and Commission Directive (EU) 2015/996 Text with EEA 
relevance of 19 May 2015 [Official Journal L 168 1 1.7.2015] 

Vehicle category Vehicle category name Sound level limits (dB(A)) 

L1e-A Powered cycle 63 

L1e-B 

Two-wheel moped  

vmax ≤ 25 km/h 
66 

Two-wheel moped  

vmax ≤ 45 km/h 
71 

L2e Three-wheel moped 76 

L3e 

Two-wheel motorcycle  

Engine capacity ≤ 80 cm
3
 

75 

Two-wheel motorcycle 

80 cm
3 
< Engine capacity ≤ 175 cm

3
 

77 

Two-wheel motorcycle 

Engine capacity > 175 cm
3
 

80 

L4e Two-wheel motorcycle with side-car 

L5e-A Tricycle 

L5e-B Commercial tricycle 

L6e-A Light on-road quad 

L6e-B Light quadrimobile 

L7e-A Heavy on-road quad 

L7e-B Heavy all terrain quad 

L7e-C Heavy quadrimobile 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008R1137:EN:NOT
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particular road and rail vehicles and infrastructure, aircraft, outdoor and industrial equipment and 

mobile machinery.  

It is important to note, however, that the present Directive does not set binding limit values, nor does it 

prescribe the measures to be included in the action plans thus leaving those issues at the discretion of 

the competent authorities in the different EU members states. 

It requires EU MS to determine the exposure to environmental noise through strategic noise mapping 

and elaborate action plans to reduce noise pollution and to preserve areas with good acoustic quality. 

 DIRECTIVE 2015/996/EC [“Directive 2015/996/EC of 19 May 2015,” 2015]  

This Directive replaced the Annex II of the directive 2002/49/EC, which until this, presented some 

recommended interim computation models, and now sets out the common assessment methods to be 

used, CNOSSOS-EU, according to article 6 of Directive 2002/49/EC, which determined that 

Commission shall establish common assessment methods (...) through a revision of Annex II. Member 

States are required to use these common assessment methods from 31 December 2018 onwards. 

[“Commission Directive (EU) 2015/ 996 of 19 May 2015,” 2015] 

2.3.2 Portugal 

 DECRETO-LEI Nº 146/2006
10

 - Directiva de Ruído Ambiental (DRA) [“Decreto-Lei n
o
 

146/2006 de 31 de Julho” 2006] 

This regulation transposes into Portuguese law the END related to environmental noise management 

and evaluation. It determines, among other things, the development of strategic noise maps that 

determine exposure to outside environmental noise, based on assessment methods harmonized at 

EU level and the adoption of action plans based on that strategic noise maps. (Article 1) 

This regulation also assigns different responsibilities to various existing organizations. The elaboration 

and revision of the strategic noise maps and action plans of the major road transport infrastructure are 

the responsibility of the management entities or concessionaires of the road transport infrastructure, 

being the Portuguese Environmental Agency (APA - Agência Portuguesa do Ambiente) the 

responsible body for approving these same maps and plans, as well as for the communication of the 

resulting data to the European Commission (Article 4.1) 

The major road transport infrastructures that are covered are those that have more than 3 million 

vehicle passages per year. 

                                                           
10

 Corrected by the following acts: Declaração de Rectificação n.º 57/2006, de 31 de Agosto. 
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 DECRETO-LEI Nº 9/2007
11

 - Regulamento Geral de Ruído (RGR) [“Decreto-Lei n
o
 9/2007 

de 17 de Janeiro” 2007] 

This regulation establishes a noise pollution control and prevention regime, aiming at the safety of 

human health and populations well being. (Article 1) 

The RGR applies to temporary and permanent noisy activities and to other sources that can cause 

nuisance which includes traffic, vehicles and transport infrastructures. (Article 2) 

2.4 MODELS FOR ROAD NOISE PREDICTION 

Several models have been developed since the 1950's/1960's for the prediction of noise levels 

originating from traffic.  

The first models mainly evaluated the percentile L50, defined as the sound level exceeded by the 

signal in 50% of the measurement period, and they referred principally to a fluid continuous flux, 

considering a common constant velocity with no distinction between vehicle typologies. Along the 

years some new parameters were added in order to improve the existing models. Parameters like 

corrective factors for the ground attenuation and for terrain gradients, together with heavy vehicles 

percentages, are some examples. Later, the equivalent sound pressure level Leq, was introduced as 

noise indicator, and more types of vehicles started to be considered. [J. Quartieri et al, 2009] 

In the following, a brief description about some models currently in use in some European countries, 

like Germany, Italy, France, the UK and the Scandinavian countries, is given. In addition, the 

CNOSSOS-EU model is shortly described. 

RLS 90 / VBUS 

RLS 90 (Richtlinien für den Lärmschutz an Straßen, 1990) is a German effective calculation model, 

able to determine the noise rating level of road traffic and, at present day, is the most relevant 

calculation model used in Germany. 

This model considers two types of motor vehicles, light and heavy ones, and takes into account the 

main features which influence the propagation of noise, such as obstacles, vegetation, air absorption, 

reflections and diffraction. In particular it makes possible to verify the noise reduction produced by 

barriers and takes into account also the reflections produced by the opposite screens. Calculations are 

done in a single A-weighted level.  

                                                           
11

 Corrected by the following acts: Declaração de Rectificação n.º 18/2007, de 16 de Março; Amended by the 
following acts: Decreto-lei n.º 278/2007, de 1 de Agosto 

 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31997L0024
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In 2006, the VBUS (Vorläufige Berechnungsmethode für den Umgebungslärm an Straßen) was 

published. It is based on the RLS90, but adapted to the requirements of Annexes I and II to Directive 

2002/49/EC. [J. Quartieri et al, 2009] 

CNR 

Consiglio Nazionale delle Ricerche, 1983, represents a modification of the German RLS 90, adapted 

to the Italian framework; a relationship between the traffic parameters and the mean sound energy 

level is admitted and the traffic flow is modelled as a linear source placed at the centre of the road, like 

in the RLS 90 model. [J. Quartieri et al, 2009] 

NMPB-1996/XP S 31-133 + Guide du Bruit 1980 

NMPB-Routes-96 is a French road noise calculation model which was reviewed and corrected by XP 

S 31-133, a draft standard. Guide du Bruit 1980 is the road noise emission model associated to the 

NMPB-1996. The END recommended the NMPB-1996 as the interim model for road noise 

assessment. 

GdB 1980 considers two types of motor vehicles, light and heavy ones, four types of traffic flow 

(continuous fluid, continuous pulsed, pulsed accelerated and decelerated) and three types of profiles, 

one for gradients above 2% in downward direction, other for gradients above 2% in upward direction 

and, finally, one for gradients until 2%. 

In order to take into account meteorological influences in calculating a long-term sound level, 

NMPB/XP S 31-133 calculates sound levels for two conventional propagation conditions: favourable 

conditions and homogeneous conditions. It also takes into account several attenuation, like the 

atmospheric absorption, the ground and diffraction attenuations and the geometrical divergence. 

The calculations are done in octave bands, from 125 Hz to 4 kHz.  

NMPB-Roads-2008  

Is the French road noise prediction model, currently used in France. It results from an upgrade and 

update of the NMPB-Routes-96 model. The calculations are made in third-octave bands, from 100 Hz 

to 5 kHz. It is ascertained that this model presents better estimations in downward conditions 

(favourable propagation conditions) than the previously one. 

CoRTN 

The CoRTN (Calculation of Road Traffic Noise) has been developed by the Transport and Road 

Research Laboratory and the Department of Transport of the United Kingdom in the 1975 and has 

been modified in the 1988. 

It estimates the basic sound level L10 (sound level exceed for just 10% of the time over a period of one 

hour) both on 1h and 18h reference time. This level is obtained at a reference distance of 10m from 
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the nearest carriageway edge of an highway. The parameters involved in this model are: traffic flow 

and composition, mean speed, gradient of the road and type of road surface. The traffic composition 

consists in two types of vehicles, light vehicles, vehicles with an unladen weight equal or lower than 

1525 kg, and heavy vehicles, vehicles with an unladen weight exceeding 1525 kg. Motorcycles and 

moped are considered as light vehicles. The basic hypothesis of the model are a moderate wind 

velocity and a dry road surface. The screening effects of any obstacle are assessed along with 

distance attenuation. Finally any reflection effects are considered, and the combined noise level at a 

given point is calculated for all the roads affecting the receptor. [Department of Transport and the 

Welsh Office, 1988] 

NORD 2000 

The Nord 2000 model was developed, by Denmark, Norway and Sweden, in the period 1996-2001 

and revised in 2005-2006 in order to make the model ready for road traffic noise calculations. 

It is a calculation model for prediction of noise propagating outdoors and may be applied to a wide 

variety of noise sources, and covers most major mechanisms of attenuation. Can be used for 

predicting short term noise levels in one-third octave bands from 25 Hz to 10 kHz when sound is 

propagating over ground from a source to a receiver (including screens), for common weather 

conditions. This model distinguishes three types of vehicles, light, medium and heavy, by weight, 

length and number of axles. [DELTA et al, 2002] 

CNOSSOS-EU  

The CNOSSOS-EU model is the European Union's set of noise prediction models which will be 

applied for strategic noise mapping in Europe. It is expected that CNOSSOS-EU is implemented and 

operational in EU MS in 2017, in other words, in time for the third round of strategic noise mapping.  

The calculations are made in octave bands, from 125 Hz to 4 kHz. The emission model has four 

categories of vehicles and is based also on breaking down representative source lines into point 

sources. The sound propagation model is based on the NMPB-Roads-2008. 
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3. BASIC CONCEPTS 

In this chapter, the basic concepts which will allow a better comprehension of the theme developed in 

this dissertation are presented. 

3.1. PHYSICS OF SOUND 

"Acoustics is the science of sound, that is, wave motion in gases, liquids and solids, and the effects of 

such wave motion.". [Jacobsen, Poulsen, Rindel, Christian Gade, & Ohlrich, 2011] 

"Sound is the result of pressure variations, or oscillations, in an elastic medium (e.g., air, water, 

solids), generated by a vibrating surface, or turbulent fluid flow. Sound propagates in the form of 

longitudinal (as opposed to transverse) waves, involving a succession of compressions and 

rarefactions in the elastic medium". [Hansen, 2001] 

From the physics point of view, sound and noise constitute the same phenomenon, both are 

atmospheric pressure fluctuations about the mean atmospheric pressure.  

 

Figure 1 - Representation of a sound wave 
                (a) compressions and rarefactions caused in air by the sound wave 

                 (b) graphic representation of pressure variations above and below atmospheric pressure [Hansen, 2001] 

However, outside physics, they are usually referred as two different things, which is explained by the 

definition of noise as "any sound that is undesired by the recipient" [Brüel & Kjær, 2014]. Yet 

classification of a sound as noise is far from be consensual because each person has different tastes 

and perceptions, so, what is sound to one person can very well be noise to somebody else. 

Nevertheless, some consensus exists that sound produced mechanically by transportation means is 

normally interpreted as noise. 

3.1.1. Amplitude, Frequency, Wavelength And Velocity 

As mentioned before, sound propagates in the form of longitudinal waves. One can divide the sound 

waves into two types taking account their waveform: the sinusoidal and non-sinusoidal waves.  
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A wave with a sinusoidal waveform is a very particular kind of wave, it doesn't really exist in nature but 

represents the simplest sound possible to listen, a single frequency that remains constant in time. It is 

also called a pure tone, or a monochromatic wave. 

A pure tone is characterised by: 

 the amplitude of pressure changes, which can be described by the maximum pressure 

amplitude,   , or by the root-mean-square (RMS) amplitude,     , expressed in Pascal [Pa].  

      
 

 
        
 

 

 
  

 
             

Equation 1 

 the wavelength ( ), which is the distance travelled by the pressure wave during one cycle; 

 the frequency ( ), which is the number of pressure variation (cycles) in the medium per unit 

time, or simply, the number of cycles per second, and is expressed in Hertz [Hz].  

 the period ( ), which is the time taken for one cycle of a wave to pass a fixed point. Expressed 

in seconds [s]. It is related to frequency by: 

  
 

 
  

Equation 2 

The "harmonic" term is used when talking about a discrete sinusoidal component whose frequency is 

an integer multiple of the fundamental frequency of the wave. If a component has a frequency twice 

that of the fundamental, it is called the second harmonic, etc. 

The speed of sound propagation,  , the frequency,  , and the wavelength,  , are related by the 

following fundamental equation: 

       

Equation 3 

It is expressed in metres per second [m/s]. For a pressure of one atmosphere the speed of sound can 

be given by the following approximate equation:  

            

Equation 4 

 where    is the air temperature in degree Celsius. 

In general, sounds are complex mixtures of pressure variations that vary with respect to phase, 

frequency, and amplitude, that is, they are not pure tones (random waveform). For such complex 

sounds, there is no simple mathematical relationship between the different physical description. 

However, any signal may be considered as a combination of a certain number (possibly infinite) of 

sinusoidal waves, each of which may be described as mentioned above. These sinusoidal 

components constitute the frequency spectrum of the sound signal. 
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It is customary to refer to spectral density level when the measurement band is one Hz wide, to one 

third octave band level, or octave band level, when the measurement band is one third octave or one 

octave wide respectively, and to spectrum level for measurement bands of other widths. 

Two special kinds of spectra are commonly referred to as white noise and pink random noise. The first 

one contains equal energy content per hertz and thus has a constant spectral density level and the 

second one contains equal energy content per constant percentage measurement bandwidth and thus 

has an octave, or one-third octave, band level which is constant with frequency. 

3.1.2. Sound Field Definitions 

 Free field - Region in space where sound may propagate free from any form of obstruction. 

 Near field - Region close to a source where the sound pressure and acoustic particle velocity 

are not in phase. Is limited to a distance from the source equal to about a wavelength of sound 

or equal to three times the largest dimension of the sound source (whichever is larger). 

 Far field - Begins where the near field ends and extends to infinity. Note that the transition 

from near to far field is gradual in the transition region. In the far field, the direct field radiated 

by most machinery sources will decay at the rate of 6 dB each time the distance from the 

source is doubled (point sources - spherical wave spreading). For line sources such as traffic 

noise, the decay rate varies between 3 and 4 dB. (linear geometry - cylindrical wave 

spreading) 

 Direct field - The direct field of a sound source is defined as that part of the sound field which 

has not suffered any reflection from any surfaces or obstacles. 

3.1.3. Frequency Analysis 

Process by which a time varying signal in the time domain is transformed into its frequency 

components in the frequency domain. 

To facilitate comparison of measurements between instruments, frequency analysis bands have been 

standardised. 

The widest band used for frequency analysis is the octave band; that is, the upper frequency limit      

of the band is approximately twice the lower limit     . Each octave band is described by its "centre 

frequency"     ., which is the geometric mean of the upper and lower frequency limits. 

                 
 
         [Hz] 

Equation 5 

For more detailed information about the structure of the signal it is necessary to use narrower bands; 

for example, one-third octave bands. In this case, one has: 

                 
 
     

 
         

 
  

  
 
      [Hz] 

Equation 6 
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Table 5 - Preferred octave and one-third octave frequency bands
12 [Hansen, 2001] 

 

3.1.4. Filtering 

Filtering is commonly used in spectral analysis. A filter is a device for separating components of a 

signal on the basis of their frequency. It allows components in one or more frequency bands to pass 

relatively unattenuated, while it attenuates components in other frequency bands. Filters modify the 

frequency spectrum of a signal usually while it is in electrical form.  

There are four types of filters: 

 High-pass Filter - A filter that passes all frequencies above a cut-off frequency. 

 Low-pass Filter - A filter that passes all frequencies below a cut-off frequency  

 Band-pass Filter - A filter that passes all frequencies between a low-frequency cut-off point 

and a high-frequency cut-off point. A band-pass filter can be achieved by the combination of a 

high-pass and a low-pass filter. 

 Band-reject Filter - A filter that suppresses all frequencies between a low-frequency cut-off 

point and a high-frequency cut-off point. 

 

 

                                                           
12
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3.2. QUANTIFICATION OF SOUND 

3.2.1. Sound Power and Intensity 

Sound intensity (I) is a vector quantity determined as the product of sound pressure and the 

component of particle velocity in the direction of the intensity vector. It is expressed as watts per 

square metre (W/m
2
). 

      

Equation 7 

In a free-field environment: 

  
    
 

  
 

Equation 8 

where   is the density of air (kg/m
3
), and c is the speed of sound (m/s). The quantity,    is called the 

"acoustic impedance" and is equal to 414 Ns/m
3
 at 20ºC and one atmosphere. At higher altitudes it is 

considerably smaller. 

The total sound energy emitted by a source per unit time is the sound power (W), which is measured 

in watts. 

In general, the power, W, radiated by any acoustic source is, 

         

 

 

 

Equation 9 

where the dot multiplication of I with the unit vector, n, indicates that it is the intensity component 

normal to the enclosing surface A which is used. 

For spherical omnidirectional sources (point sources and simple sources): 

        

Equation 10 

where the magnitude of the acoustic intensity, I, is measured at a distance r from the source. In this 

case the source has been treated as radiating uniformly in all directions. 

For homogeneous line sources, with cylindrical spreading waves, one has analogously: 

       

Equation 8 

3.2.2. Sound Pressure Level 

The human ear is able to hear a very large range of sound pressures. 
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A scale suitable for expressing the square of the sound pressure is the logarithmic rather than the 

linear one. In this way, the Bel was introduced which is the logarithm of the ratio of two quantities, one 

of which is normally a reference quantity. 

To avoid a scale which is too compressed over the sensitivity range of the ear, a factor of 10 is 

introduced, giving rise to the decibel. The level of sound pressure p is then said to be    decibels (dB), 

greater or less than a reference sound pressure      according to the following equation: 

           
    
 

    
           

    

    
  

Equation 12 

The reference sound pressure      is usually chosen as the sound pressure corresponding to the 

human hearing threshold in air at a frequency of 1000 Hz. Its value is thus equal to 20 µPa. 

Using this value,               , the last equation can be rewritten as 

                  

Equation 9 

In Figure 2, some typical sound pressure levels are indicated for normal day to day activities. 

 

Figure 2 - Typical sound pressure levels [Jacobsen et al., 2011] 
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3.2.3. Sound Intensity Level 

A sound intensity level,   , in decibels (dB), is defined as follows: 

           
 

    
  

Equation 10 

The reference sound intensity level is chosen so that    gives the same value as the sound pressure 

level    for a plane wave with a pressure equal to     : 

     
    

 

   
 

Equation 11 

with                            

Thus,                 , and equation 13 can be rewritten as 

                

Equation 12 

In the Far field case: 

               
   

  
  

Equation 13 

For 20ºC and 1 atm, then    = 414 Ns/m
3
, which means that: 

           [dB] 

Equation 14 

3.2.4. Sound Power Level  

A sound power level,   , in decibels (dB), is defined as follows: 

          
 

    

 

Equation 15 

Using             , the last equation can be rewritten as 

                

Equation 16 

3.2.5. Combining Sound Pressures 

3.2.5.1. Addition of coherent sound pressures 

Often, combinations of sounds from many sources contribute to the observed total sound. 

 For two sounds of the same frequency, characterised by mean square sound pressures 

   
 
   

 and    
 
   

 and phase difference       , the total mean square sound pressure is given 

by the following expression: 



23 
 

   
 
   

     
 
   

    
 
   

                      

Equation 17  

 For two sounds of slightly different frequencies: 

   
 
   

     
 
   

    
 
   

                    

Equation 18 

where   is time and   the frequency difference. 

3.2.5.2. Addition of incoherent sound pressures (logarithmic addition) 

In this case, the crossed term           is equal to zero, and: 

   
 
   

     
 
   

    
 
   

 

Equation 19 

In terms of sound pressure levels, for N incoherent sound sources, one has: 

               
  

   

 

 

  

Equation 20 

3.2.5.3. Subtraction of sound pressure levels 

Sometimes it is necessary to subtract one sound from another; for example, when background noise 

must be subtracted from total noise to obtain the sound produced by a machine alone. 

In this case, if    is the total noise,    the background noise, then the sound level produced by the 

particular sound source is given by: 

              
  

      
  

     

Equation 21 

For noise-testing purposes, this procedure should be used only when the total noise exceeds the 

background noise by 3 dB or more.  

3.2.5.4. Combining level reductions 

Sometimes it is necessary to determine the effect of the placement or removal of constructions such 

as barriers and reflectors on the sound pressure level at an observation point. The difference between 

levels before       and after       an alteration (placement or removal of a construction) is called the 

insertion loss, IL, and is expressed in [dB]. 

           

Equation 22 

If the level decreases after the alteration, the IL is positive; if the level increases, the IL is negative. 
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Denoting the reference level at the point of observation as the level which would, or does, exist due to 

straight-line propagation from source to receiver as    , then the observed overall noise level    due 

to the contributions over n paths is given by: 

                   
   
  

  

 

   

 

Equation 23 

3.2.5.5. Free field attenuation through geometrical divergence  

A free field in a homogeneous medium, originated by omnidirectional point sources, and line sources, 

is free from boundaries or reflecting surfaces. In this free field, spherical propagation from an 

omnidirectional sound source consists in sound radiating equally in all directions from an apparent 

origin point. 

The intensity and sound pressure at a given point, at a distance r (in metres) from the source, is 

expressed by the following equation: 

       
   

    
 

Equation 24  

In terms of sound pressure the preceding equation can be written as: 

               
   

  
             

   

Equation 29 

which is often approximated as: 

                 
   

                                                   

Equation 30 

If the sound pressure level, Lm, is measured at some reference distance, rm, from the sound source 

(usually greater than 1 metre), then the sound pressure level at some other distance, r, may be 

directly estimated using: 

              
 

  
  

Equation 25 

From the preceding expression it can be seen that in free field conditions, the noise level decreases 

by 6 dB each time the distance between the omnidirectional point source and the observer doubles. 

Line sources originate the propagation of waves with cylindrical geometry. 

For a line source, with a sound power level per metre     , the sound pressure level    at a distance 

r (in metres) is expressed by the following equation: 
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Equation 26 

In free field conditions, the noise level decreases by 3 dB each time the distance between the line 

source and the observer doubles. 

3.2.5.6. Directivity 

In general, the radiation of sound from a typical source is directional, being greater in some directions 

than in others. The directional properties of a sound source may be quantified by the introduction of a 

directivity factor describing the angular dependence of the sound intensity. 

The directivity factor, Q, is defined in terms of the intensity    in direction ( , ) and the mean intensity 

    

   
  
   

 

Equation 27 

The directivity index is defined as 

             

Equation 28 

3.2.5.7. Effects of reflection 

A reflecting surface will affect not only the directional properties of a source but also the total power 

radiated by the source. The assumption that output sound power is not affected by reflecting surfaces 

is often made to simplify the problem. 

For a simple source near to a reflecting surface outdoors: 

   
    

 
     

 
    

   
 

Equation 29 

which may be written in terms of levels as 

               
 

    
             

 

    
     

Equation 30 

3.3. PSYCHO-ACOUSTICS  

The response of the human ear to sound (or noise) depends both on the sound frequency and on the 

sound pressure. 

3.3.1. Loudness 

The human ear is able to detect sounds with frequencies from 20 Hz to 20,000 Hz (audible range), 

however, has different sensitivities to different frequencies, being least sensitive to extremely high and 
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extremely low frequencies. The threshold of audibility is the sound level below which a person’s ear is 

unable to detect any sound. 

This threshold is represented by the lowest curve amongst the set of equal-loudness contours, with 

the highest curve representing the threshold of pain. (see Figure 3) Loudness level is expressed in 

phons, which has the same numerical value as the sound pressure level at 1000 Hz. 

 

Figure 3 - Equal loudness contours - "Fletcher-Munson" curves 

3.3.2. Pitch 

Pitch is the subjective response to frequency. Low frequencies are identified as "low-pitched", while 

high frequencies are identified as "high-pitched". 

3.3.3. Masking 

Masking is the phenomenon of one sound interfering with the perception of another sound.  

In general, it has been shown that low frequency sounds can effectively "mask" high frequency sounds 

even if they are of a slightly lower level. 

3.3.4. Frequency Weighting 

To adequately evaluate human exposure to noise, the sound quantification system must account for 

this difference in sensitivities over the audible range. For this purpose, frequency weighting networks, 

which are really "frequency weighting filters" have been developed. These networks "weight" the 

contributions of the different frequencies to the overall sound level, so that sound pressure levels are 

reduced or increased as a function of frequency before being combined together to give an overall 

level. 

The two internationally standardised weighting networks in common use are the so-called "A" and "C", 

which have been developed to correlate to the frequency response of the human ear for different 
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sound levels. The A-weighting tries to represent the sensitivity of the ear at the 40-phon contour while 

the C-weighting mimics the sensitivity of the ear at the 90-phon contour. (see Figure 4) 

  

Figure 4 - Frequency weighting characteristics for A and C networks [Robson, 2004] 

3.4. NOISE EVALUATION INDICES AND BASIS FOR CRITERIA 

To properly evaluate noise exposure, both the type and level of the noise must be characterised. The 

type of noise is characterised by its frequency spectrum and its variation as a function of time. The 

level is characterised by a particular type of quantification which is dependent on the purpose of the 

assessment. 

3.4.1. Types of Noise 

Noise may be classified as steady, non-steady or impulsive, depending upon the temporal variations 

in the sound pressure level.  

Steady noise is a noise with negligibly small fluctuations of sound pressure level within the period of 

observation, on the other hand, a noise is called non-steady when its sound pressure levels shift 

significantly during the period of observation. This type of noise can be divided into intermittent noise 

and fluctuating noise. 

Intermittent noise is noise for which the level drops to the level of the background noise several times 

during the period of observation. The time during which the level remains at a constant value different 

from that of the ambient background noise must be one second or more. This type of noise can be 

described by the ambient noise level, the level of the intermittent noise and the average duration of the 

on and off period. 

Fluctuating noise is a noise for which the level changes continuously and to a great extent during the 

period of observation. 

Tonal noise may be either continuous or fluctuating and is characterised by one or two single 

frequencies that emerge markedly from the broadband spectra. This type of noise is much more 
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annoying than broadband noise characterised by energy at many different frequencies and of the 

same sound pressure level as the tonal noise. 

Impulsive noise consists of one or more bursts of sound energy, each of a duration less than about 

one second. Impulses are usually classified as type A and type B. Type A characterises typically gun 

shot types of impulses, while type B is the one most often found in industry (e.g., punch press 

impulses). The characteristics of these impulses are the peak pressure value, the rise time and the 

duration of the peak. 

Table 6 - Noise types and their measurement [Hansen, 2001] 

 Characteristics Type of Source 
Type of 

Measurement 
Type of 

Instrument 
Remarks 

 

Constant 
continuous sound 

Pumps, electric 
motors, 

gearboxes, 
conveyers 

Direct reading of 
A-weighted value 

Sound level 
meter 

Octave or 1/3 
octave analysis if 

noise is 
excessive  

Constant but 
intermittent sound 

Air compressor, 
automatic 
machinery 
during work 

cycle 

dB value and 
exposure time or 

LAeq 
Sound level 

meter, 
Integrating 
sound level 

meter 

 

Periodically 
fluctuating sound 

Mass 
production, 

surface grinding 

dB value, LAeq or 
exposure time 

 

Fluctuating non-
periodic sound 

Manual work, 
grinding 
welding, 

component 
assembly 

LAeq or noise 
exposure 
Statistical 
analysis 

Noise exposure 
meter, 

Integrating 
sound level 

meter 

Long term 
measurement 

usually required 

 

Repeated 
impulses 

Automatic 
press, 

pneumatic drill, 
riveting 

LAeq or noise 
exposure & 

Check "Peak" 
value 

Integrating 
sound level 
meter with 

"Peak" hold and 
"C-weighting" 

Difficult to 
assess. More 

harmful to 
hearing than it 

sounds 

 

Single impulse 

Hammer blow, 
material 

handling, punch 
press, gunshot, 

artillery fire 

LAeq and "Peak" 
value 

Difficult to 
assess. Very 

harmful to 
hearing 

especially close 

 

3.4.2. Types of Noise Sources 

There are only two types of noise source relevant for this thesis, they are point sources and linear 

sources. 

 Point source - Is an elementary dimensionless representation of an ideal source of noise 

located in a specific point in space. Sound waves propagate three-dimensionally from this 

origin point. 

 Linear source - is an approximate trajectory of a moving equivalent point source and is 

characterised by a continuous distribution of point sources. Sound waves propagate according 

to a cylindrical geometry from the line. 



29 
 

3.4.3. Equivalent Continuous Sound Pressure Level 

The equivalent continuous sound pressure level (   ) is the steady sound pressure level which, over a 

given period of time, has the same total energy as the actual fluctuating sound signal. 

              
 

 
  

    

  
 

 
 

 

    

Equation 31 

where      is the time varying sound pressure,    is the reference pressure (20μPa) and T the time 

period in seconds. 

Sometimes it is convenient to split the time interval into a number (M) of sub-intervals,   , for which 

values of        are defined. In this case,       is determined using, 

              
 

 
                 
 

   

      

Equation 32 

The A-weighted, or C-weighted equivalent continuous sound level is denoted as     , or     . 

3.4.4. A-weighted and C-weighted Sound Exposure 

Sound exposure may be quantified using the sound exposure, ET, defined as the time integral of the 

squared, instantaneous sound pressure,       over a particular time period,         (seconds). The 

units are pascal-squared-seconds (Pa
2
.s) and the defining equation is, 

         

  

  

   

Equation 33 

The relationship between the sound exposure and the equivalent continuous sound level, Leq,T, is 

              
  
  
      

Equation 40 

The A-weighted and C-weighted sound exposure are denoted as      and     , respectively. They are 

calculated using the instantaneous weighted sound pressure. 

3.4.5. Day-evening-night level and night level 

Day-evening-night level (    ) and night level (      ) are the noise indicators required by the END for 

the strategic assessment of noise. 

       is the A-weighted average sound level used to assess sleep disturbance over an 8 hour night 

time period. 
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     is used to assess overall annoyance, it is expressed in dB and defined by the following equation 

(as defined in END): 

            
 

  
      

    
       

          

       
         

    

Equation 34 

in which:  

      is the A-weighted long-term average sound level as defined in ISO 1996-2: 1987 [ISO, 

1987], determined over all the day periods of a year, 

          is the A-weighted long-term average sound level as defined in ISO 1996-2: 1987 [ISO, 

1987], determined over all the evening periods of a year, 

        is the A-weighted long-term average sound level as defined in ISO 1996-2: 1987 [ISO, 

1987], determined over all the night periods of a year; 

 the day is 12 hours, the evening 4 hours and the night 8 hours. The Member States may 

shorten the evening period by one or two hours and lengthen the day and/or the night period 

accordingly, provided that this choice is the same for all the sources and that they provide the 

European Commission with information on any systematic difference from the default option, 

(For Portugal the day period is 13 hours, the evening period 3 hours and the night period 8 

hours long); 

 the start of each period shall be chosen by the Member State (that choice shall be the same 

for noise from all sources); the default values are 07h to 19h, 19h to 23h and 23h to 07h local 

time, (For Portugal the default values are 07h to 20h, 20h to 23h and 23h to 07h) 

 a year is a relevant year as regards the emission of sound and an average year as regards the 

meteorological circumstances;  
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4. CNOSSOS-EU 

In this chapter the main aspects and the most relevant, for this work, aspects of the CNOSSOS-EU 

road traffic noise model are described. One can divide the model in two parts, the emission model and 

the propagation model. The propagation model was based entirely on the NMPB-2008 [Sétra, 2009] 

4.1. DEFINITIONS AND SYMBOLS 

It is important for the understanding of the model to present the original concepts used in its 

formulation. 

4.1.1. Point source 

Point source strength is expressed exclusively by the directional sound power level,         , per 

frequency band and towards a specific direction in space. 

4.1.2. Source line/source line segment  

A source line is divided into line segments which are represented by point sources located at their 

centre. The strength of a source line is expressed as directional sound power level per metre per 

frequency band, towards a specific direction in 3D space.  

4.1.3. Traffic model 

The traffic model is the acoustical description of a traffic flow, based on the directional source sound 

power levels of single moving equivalent vehicles. In the traffic model, the specific sound power output 

is combined with statistical data, yielding an equivalent noise emission for each sub‐source in order to 

produce the source strength of the relevant source line segments. 

4.1.4. Receiver 

A receiver is a single point at which the incident time‐averaged sound intensity level will be calculated. 

A distinction should be made between free‐field receivers that have propagation paths in all directions 

(360°) and receivers that represent the incoming acoustical energy on a façade. The latter will have a 

total viewing angle of 180° and a bisector perpendicular to the façade. 

4.1.5. Propagation plane  

A propagation plane is a vertical plane passing through the source and receiver positions. The 

intersection of the propagation plane with the geometrical (surface) model is represented by a series 

of connected line elements representing the terrain, the buildings and the barriers in a vertical 

cross‐section. It is assumed that the effects of ground reflections, diffraction over obstacles and 

meteorological refraction can be predicted with sufficient accuracy from the geometrical and the 

acoustical properties in the cross‐section. 
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4.1.6. Propagation path/geometrical cross‐section 

A propagation path is defined as the projection of a propagation plane on the horizontal plane.  

Propagation paths can be classified according to their geometrical characteristics: 

 Direct propagation paths are straight lines linking the source directly to the receiver. (Figure 5 A) 

 Reflected propagation paths are generated by vertical obstacles. It is assumed that such paths 

obey the laws of specular reflection in the horizontal plane. (Figure 5 B) 

 Laterally diffracted propagation paths are generated by vertical edges of obstacles. For extended 

sources (road, railway and aircraft), such paths usually make a negligible contribution to the total 

sound levels and can therefore be omitted. (Figure 5 C) 

 Propagation paths containing any combination of reflections and diffractions from vertical 

obstacles. (Figure 5 D) 

 

Figure 5 - Types of propagation paths  

4.1.7. Ray path 

Each propagation path consists of a set of coherent ray paths. The shortest of these ray paths is 

called the ‘main ray path’; a ray path can be either direct (source in view of the receiver), reflected, 

diffracted or include any combination of these. 

The main difference between ray paths and propagation paths is the way the different contributions 

are added: over propagation paths, incoherent summations are performed (addition of sound energies 

|p|
2
), whereas over ray paths, coherent summations are performed (addition of sound pressures p). 

The CNOSSOS-EU model uses coherent summation only for ray paths lying in a single vertical 

propagation plane (i.e. to estimate the effects of reflection on the ground).  

4.1.8. Sound power 

In the CNOSSOS-EU model, the acoustical emission of all sources is defined as directional sound 

power level emitted per frequency band. The sound power of the source as defined in this model 
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includes possible effects of reflections by the surface immediately next to the real source and in a 

specific direction in space.  

This sound power is commonly defined as ‘semi‐free field’ or ‘in situ’ sound power. Any surface that 

has been included and counted to determine the directional source sound power level should not be 

used in the propagation calculation 

4.1.9. Meteorological effects 

Wind speed and air temperature gradients cause refraction of the ray path. For accurate calculation of 

propagation effects, such as barrier attenuation and ground reflections, the definition of the ray path 

must comply with defined meteorological conditions that are representative for the site.  

The following are the definitions of the terms used for atmospheric conditions: 

- homogeneous atmospheric conditions (or ‘homogeneous conditions’): atmospheric conditions for 

which the effective speed of sound waves may be considered as constant in all directions and at any 

point of the propagation space. In these conditions, sound rays are straight segments. 

- atmospheric downward‐refraction conditions (‘favourable conditions’): atmospheric conditions for 

which the effective speed of sound waves increases with altitude in the direction of propagation. 

These conditions generally result in sound levels at the receiver higher than those observed in 

homogeneous atmospheric conditions for an identical sound source. The sound rays are curved 

towards the ground. 

4.1.10. Frequency range and band definitions 

The CNOSSOS-EU model is valid for determining noise in the frequency range from 125 Hz to 4 kHz 

for road traffic noise. It provides frequency band results at the corresponding frequency interval, 

calculations being performed in octave bands. 

4.2. ROAD TRAFFIC NOISE SOURCE EMISSION 

4.2.1. Source description 

4.2.1.1. Classification of vehicles 

The road traffic noise source is determined by combining the noise emission of each individual vehicle 

forming the traffic flow. Different vehicles have different characteristics of noise emission, taking that 

into account, vehicles were grouped in five categories. (see Table 7)  
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Table 7 - Vehicle Categories [Kephalopoulos et al., 2014] 

Category Name Description Vehicle category in EC 

1 
Light motor 

vehicles 

Passenger cars, delivery vans ≤ 3.5 tons, SUVs, MPVs 

including trailers and caravans 
M1 and N1 

2 
Medium heavy 

vehicles 

Medium heavy vehicles, delivery vans > 3.5 tons, buses, 

motor home vehicles, etc. with two axles and twin tyre 

mounting on rear axle 

M2, M3 and N2, N3 

3 Heavy vehicles 
Heavy duty vehicles, motor home vehicles cars, buses, with 

three or more axles 

M2 and N2 with trailer, M3 

and N3 

4 
Mopeds and 

motorcycles 

4a Two-,three- and four-wheel mopeds 
L1e, L2e, L6e (UNECE 

R63) 

4b Motorcycles with and without sidecars, tricycles and 

quadricycles 

L3e, L4e (UNECE R41), 

L5e, L7e (UNECE R9) 

5 Open category To be defined according to future needs N/A 

4.2.1.2. Number and position of equivalent sound sources 

Each vehicle is represented by one single point source, placed 0.05 m above the road surface. The 

traffic flow is represented by a source line characterised by a continuous distribution of point sources. 

In the modelling of a road with multiple lanes, each lane should be represented by a source line 

placed in the centre of the lane. Reductions in the number of source lines may be achieved by placing 

one source line at each outer lane of the road or, in the case of a two‐lane road, in the middle of the 

road itself. 

 

Figure 6 - Lanes and Source Lines 

4.2.2. Sound power emission 

4.2.2.1. General considerations 

The sound power of the source is defined in ‘semi‐free field’, where there are no disturbing objects in 

its surroundings except for the reflection on the road surface. 

4.2.2.1.1. Traffic flow 

As stated before, the noise emission of a traffic flow is represented by a source line, which is 

characterised by its directional sound power per metre per frequency. This corresponds to the sum of 

the sound emission of the individual vehicles in the traffic flow, taking into account the time spent by 

the vehicles in the road section considered. 
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4.2.2.1.2. Steady traffic flow 

The directional sound power per metre, per frequency band i, of the source line, expressed in dB, is 

defined by: 

                            
  

       
  

Equation 35 

   - Traffic Flow (vehicles of category m per hour);    - average speed (km/h);        - instantaneous directional 

sound power in ‘semi free‐field’ of a single vehicle (omni‐directional sources) for frequency band i. 

4.2.2.1.3. Individual vehicle  

The instantaneous noise production of a vehicle is defined by two main parameters, category and 

speed. It is also necessary to take into account the corrections to be applied due to environmental and 

specific effects. 

For each road vehicle, two main noise sources are considered: 

- Rolling noise (tyre/road interaction), with sound power          

- Propulsion noise (engine, exhaust, etc. ), with sound power          

For categories 1, 2 and 3, the sound power corresponds to the energetic summation of the rolling and 

the propulsion noise. Thus, the sound power level of the source lines is defined by: 

                     
           

      
           

     

Equation 36 

For category 4, only propulsion noise is considered for the source line: 

                                

Equation 37 

4.2.2.2. Reference conditions 

The source equations and coefficients are derived to be valid under reference conditions in terms of 

meteorology and traffic. These reference conditions are a constant vehicle speed (     = 70 km/h); a 

flat road; an air temperature      = 20 °C; a virtual reference road surface, consisting of an average of 

dense asphalt concrete 0/11 and stone mastic asphalt 0/11, between 2 and 7 years old and in a 

representative maintenance condition; a dry road surface; a vehicle fleet for which the characteristics 

correspond to the values found for the European average; and no studded tyres. 

4.2.2.3. Rolling noise 

The generally accepted and widely validated logarithmic relation between rolling noise emission and 

rolling speed    is used. The sound power level         is expressed by: 
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Equation 38 

       and        are given in 8.III. ;              - Sum of the correction coefficients to be applied to rolling noise 

emission. All the correction coefficients should be applied equally on all octave bands. 

                                                                                   

Equation 39 

                  - correction coefficient for the road surface effect;  

The type of road surface significantly influences the noise emission of a vehicle, so this correction 

coefficient should always be applied when it is being considered a road surface that are not the 

reference road surface. 

                          - correction coefficient to be applied to the proportion of light vehicles equipped with 

studded tyres;  

The studded tyres coefficient must be taken into account when a significant number of light vehicles in 

the traffic flow use studded tyres during several months every year. 

             - correction coefficient for the speed variation effect;  

In most cases, the effect of acceleration and deceleration may be neglected once the uncertainty on 

the estimation of acceleration of the traffic can be higher than the effect on noise. May be significant 

near road crossings.  

            is a correction term for an average temperature   (ºC) different from the reference 

temperature. Rolling sound power level decreases when the air temperature increases.  

                     

Equation 40 

Table 8 - K coefficient 

 

 

 

 

 

4.2.2.4. Propulsion noise 

                      
         

    
              

Equation 41 

       e        are given in 8.III.;              - sum of the correction coefficients to be applied to propulsion noise 

emission  

m K (dB/ºC) 

1 0.08 

2 0.04 

3 0.04 

4 0 
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Equation 42 

                  - correction coefficient for the road surface effect; 

The type of road surface significantly influences the noise emission of a vehicle, so this correction 

coefficient should always be applied when it is being considered a road surface that are not the 

reference road surface. 

              - correction coefficient for the speed variation effect; 

In most cases, the effect of acceleration and deceleration may be neglected once the uncertainty on 

the estimation of acceleration of the traffic can be higher than the effect on noise. May be significant 

near road crossings.  

                   - for the speed variation effect 

Road gradients affect both the engine load and the engine speed via the choice of gear and thus the 

propulsion noise emission of the vehicle.  

The effect of road gradient on the propulsion noise is taken into account by a correction term 

         . (Note:        within a segment) 

 

For m=1                      

 
 
 

 
 
              

  
                        

 
                                     

 

 
             

    
 

  

   
              

  

For m=2                      

 
 
 

 
 
              

    
 

     

   
                        
 

                                                   
 

 
          

  
 

  

   
                                   

  

For m=3                      

 
 
 

 
 

              

    
 

     

   
                        
 

                                                         
 

 
          

    
 

  

   
                                   

  

For m=4                        

Equation 50 

   - average slope along the line segment (%);    - the vehicle speed (in km/h) 
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4.3. SOUND PROPAGATION 

4.3.1. Scope and applicability of the model 

This sub-chapter describes the calculation of the attenuation of sound during its outdoor propagation. 

The model provides results per octave band, from 63 Hz to 4000 Hz, although the frequency range 

used together with the emission data is only from 125 Hz to 4000 Hz. The calculations are made for 

each of the centre frequencies. 

Like the emission model the sound propagation model uses the breakdown of the infrastructures into 

point sources. 

The limit of validity of the calculations in terms of distance is 800 m, for a normal distance to the road, 

and it is recommended that the receiver points should be located at least 2 m high in relation to the 

ground. 

This propagation model considers obstacles to be equivalent to flat surfaces. Successive diffraction 

calculations are not dealt with, they are treated as multiple diffractions. 

Finally, the sound propagation calculation does not apply to propagation scenarios above a water 

body (lake, wide river, etc.). 

4.3.2. Set‐up of the model 

4.3.2.1. Definitions used 

The notation MN stands for the distance between the points M and N, measured according to a 

straight line joining these points. 

The notation     stands for the curved path length between the points M and N, in favourable 

conditions. 

Real heights measured vertically in relation to the ground are noted by the h, equivalent heights 

measured orthogonally in relation to the mean ground plane are denoted by z. 

Sound levels, L, are expressed in dB per frequency band when index A is omitted. Sound levels in 

dB(A) are given the index A. 

The sum of the sound levels due to mutually incoherent sources is noted by the sign   in accordance 

with the following definition: 

                
  

      
  

     

Equation 43 
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4.3.3. Sound propagation model 

4.3.3.1. Calculation approach 

For a receiver R the calculations are made according to the following steps: 

1) breakdown of the noise sources into point sources, if not already expressed as point sources; 

2) determination of the directional sound power per frequency band of each source; 

3) calculation of the probability of occurrence of favourable conditions for each direction source Si to 

receiver R (Si,R); 

4) search for propagation paths between each source and receiver: direct, reflected and/or diffracted 

paths; 

5) for each propagation path: 

 ‐ calculation of the attenuation in favourable conditions; 

 ‐ calculation of the attenuation in homogeneous conditions; 

 ‐ calculation of the probability of occurrence of favourable conditions; 

 ‐ calculation of the long‐term sound level. (see 4.3.3.2.3.) 

6) accumulation of the long‐term sound levels for each path, therefore allowing the total sound level to 

be calculated at the receiver point. 

It should be noted that only the attenuations due to the ground effect (Aground) and diffraction (Adif) are 

affected by meteorological conditions. (see 4.3.3.2.) 

4.3.3.2. Calculation process 

For a point source S of directional sound power          and for a given frequency band i, the 

equivalent continuous sound pressure level at a receiver point R, in given atmospheric conditions, is 

obtained according to the equations following below. 

4.3.3.2.1. Long‐term sound level at point R in decibels A dB(A) 

The total sound level in dB(A) is obtained by summing levels in each frequency band: 

                   
              

  

 

 

  

Equation 44 

i - index of the frequency band; AWC - A‐weighting correction. 
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This level         constitutes the final result, i.e. the long‐term A‐weighted sound pressure level at the 

receiver point on a specific reference time interval. 

4.3.3.2.2. Long‐term sound level at point R for all paths 

The total long‐term sound level at the receiver for a one‐frequency band is obtained by energy 

summing contributions from all N paths, all types included: 

                  
     
  

 

 

   

Equation 45 

n - index of the paths between S and R. 

4.3.3.2.3. Long‐term sound level for a path (S,R) 

The ‘long‐term’ sound level along a path starting from a given point source is obtained by weighted 

energy summing the sound level in homogeneous conditions    and the sound level in favourable 

conditions   . 

                                    

Equation 46 

  - average the mean occurrence   of favourable conditions in the direction of the path (S,R) [in %/100];    - 

Sound level in favourable conditions (  ) for a path (S,R);    - Sound level in homogeneous conditions (LH) for a 

path (S,R) 

4.3.3.2.4. Sound level (  ) for a path (S,R) 

Depending on the atmospheric conditions X can take the following notation: 

   
                           
                               

  

               

Equation 47 

The term    represents the total attenuation along the propagation path, and is broken down as 

follows: 

                         

Equation 48 

     is the attenuation due to geometrical divergence;      is the attenuation due to atmospheric absorption; 

            is the attenuation due to the boundary of the propagation medium in favourable conditions. It may 

contain the following terms:           which is the attenuation due to the ground in favourable conditions and 

       which is the attenuation due to diffraction in favourable conditions. 

For a given path and frequency band, the following two scenarios are possible: 

 - either           (         dB) is calculated with no diffraction and                       
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 - or        (            dB) is calculated. The ground effect is taken into account in the        

equation itself. This therefore gives                    

4.3.3.3. Propagation analysis 

As elementary propagation paths four paths are considered as was shown in Figure 5. Of particular 

importance are the type 1 paths (Fig. 5A). These are ‘direct’ paths from the source to the receiver, 

which are straight paths in plane view and which may nevertheless include diffractions on the 

horizontal edges of obstacles. These are the easiest scenarios to deal with. 

4.3.3.3.1. Calculations on an elementary path 

Only paths, for which the euclidean distance, between the source and the receiver, does not exceed 

2000 m are taken into account. 

 Geometrical divergence 

The attenuation due to geometrical divergence,     , corresponds to a reduction in the sound level 

due the propagation distance. For a point sound source in free field, the attenuation in dB is given by: 

                 

Equation 49  

d - direct distance in metres between the source and the receiver 

 Atmospheric absorption 

The attenuation due to atmospheric absorption      during propagation over a distance d is given in 

dB by the equation: 

             

Equation 50 

d - direct distance between the source and the receiver in metres; α - coefficient of atmospheric attenuation in 

dB/km at the nominal central frequency for each frequency band, in accordance with ISO 9613‐1 [ISO, 1993]. 

 Ground effect 

The attenuation due to the ground effect it is physically linked to the acoustic absorption of the ground 

above which the sound wave is propagated. However, it is also significantly dependent on 

atmospheric conditions during propagation, as ray bending modifies the height of the path above the 

ground and makes the ground effects and land located near the source more or less significant. 

To take into account the actual relief of the land along a propagation path in the best possible way, the 

notion of ‘equivalent height’ is adopted, which substitutes real heights in the ground effect equations. 

The equivalent heights are obtained from the mean ground plane between the source and the receiver 

(see Figure 7). 
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Figure 7 - Mean ground plane 

The equivalent height of a point is its orthogonal height in relation to this mean plane. The equivalent 

height zs and the equivalent receiver height zr can therefore be defined. The distance between the 

source and receiver in projection over the mean plane is noted by dp. 

The acoustic absorption properties of the ground are mainly linked to its porosity. Compact ground is 

generally reflective and porous ground is absorbent. 

For operational calculation requirements, the acoustic absorption of a ground is represented by a 

dimensionless coefficient G, between 0 and 1. G is independent of the frequency. Table 9 gives the G 

values for the ground outdoors. 

Table 9 - G values for different types of ground [Kephalopoulos et al., 2012] 

Description Type (kPa*s/m2) G value 

Very soft (snow or moss-like) A 12.5 1 

Soft forest floor (short, dense heather-like or thick moss) B 31.5 1 

Uncompacted, loose ground (turf, grass, loose soil) C 80 1 

Normal uncompacted ground (forest floors, pasture field) D 200 1 

Compacted field and gravel (compacted lawns, park area) E 500 0.7 

Compacted dense ground (gravel road, car park) F 2000 0.3 

Hard surfaces (most normal asphalt, concrete) G 20000 0 

Very hard and dense surfaces (dense asphalt, concrete, water) H 200000 0 

Gpath is defined as the fraction of absorbent ground present over the entire path covered. When the 

source and receiver are close dp ≤ 30(zs+zr), the distinction between the type of ground located near 

the source and the ground located near the receiver is negligible. If the receiver is very close to the 

edge of the road platform, an absorbent ground receiver side should not be considered. To take this 

consideration into account, the ground factor Gpath is therefore ultimately corrected as follows: 

        

  

         
         

  

         
                

               

  

Equation 51 

Gs is the ground factor of the source area.(For road platforms, Gs=0 ) 
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So  

        

  

         
                  

               

  

Equation 60 

Figure 8 shows an example of the determination of the ground factor Gpath for a particular scenario. 

 

Figure 8 - Determination of the ground coefficient Gpath 

1. Homogeneous conditions 

The attenuation due to the ground effect in homogeneous conditions is calculated according to the 

following equations: 

If         

                      
  

  
 
   

   
   

 
   

  

 
    

   
   

 
   

  

 
                  

Equation 52 

  
    
 

 

Equation 53 

fm - nominal centre frequency of the frequency band considered, in Hz; c - speed of sound in the air, taken as 

equal to 340 m/s 

     
       

     

     
 

Equation 54 
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Equation 55 

                         
 
  

Equation 56 

If         

             

Equation 57 

2. Favourable conditions 

The ground effect in favourable conditions is calculated with the equation of          , provided that 

the following modifications are made: 

If         

In the formula of          ,(Equation 52) the following modifications are needed,  

              

              

Equation 58 

        
  

     
 
   

 

 
 

        
  

     
 
   

 

 
 

           
  

     
 

Equation 59 

               is the reverse of the radius of curvature of the downward bended sound rays. 

The height corrections     and     convey the effect of the sound ray bending.     accounts for the 

effect of the turbulence. 

The lower bound of           depends on the geometry of the path: 

               
           

 
              

           
 
                                

  

Equation 60 

If          

                        

Equation 70 
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Table 10 gives the correspondence between       
 
and       

 
 and the Gpath and G’path variables. 

Table 10 - Correspondence between notations (Gm,Gw,Gpath,G'path) 

 Homogeneous conditions Favourable conditions 

                                                                    

      
 
 G'path Gpath 

      
 
 G'path Gpath G'path Gpath 

 Diffraction 

As a general rule, the diffraction should be studied at the top of each obstacle located on the 

propagation path. If the path passes ‘high enough’ over the diffraction edge, Adif=0 can be set and a 

direct view calculated, in particular by evaluating Aground (see Ground effect). 

In practice, for each frequency band centre frequency, the path difference δ is compared with the 

quantity -λ / 20. If the path difference   is less than -λ / 20, there is no need to calculate Adif for the 

frequency band considered. In other words, Adif = 0 in this case. Otherwise, Adif is calculated as 

described in the remainder of this part. This rule applies in both homogeneous and favourable 

conditions, for both single and multiple diffraction. 

Ray bending is taken into account in the calculation of the path difference and to calculate the ground 

effects before and after diffraction. 

When, for a given frequency band, a diffraction calculation is made according to the procedure 

described in the following, Aground is set as equal to 0 dB when calculating the total attenuation. The 

ground effect is taken into account directly in the general diffraction calculation equation. 

1. General principles 

Figure 9 illustrates the general model of calculation of the attenuation due to diffraction. It is based on 

breaking down the propagation path into two parts: the ‘source side’ path, located between the source 

and the diffraction point, and the ‘receiver side’ path, located between the diffraction point and the 

receiver. 

The following quantities are calculated: 

 • a ground effect, source side, Δground(S,O) 

 • a ground effect, receiver side, Δground(O,R) 

 • and three diffractions: 

  • between the source S and the receiver R: Δdif(S,R) 

  • between the image source S' and R: Δdif(S',R) 

  • between S and the image receiver R': Δdif(S,R'). 
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Figure 9 - Geometry of a calculation of the attenuation due to diffraction 

S - source; R - receiver; S' - image source in relation to the mean ground plane source side; R' - image receiver in 

relation to the mean ground plane receiver side; O - diffraction point; zs - equivalent height of the source S in 

relation to the mean plane source side; zo,s - equivalent height of the diffraction point O in relation to the mean 

ground plane source side; zr - equivalent height of the receiver R in relation to the mean plane receiver side; zo,r - 

equivalent height of the diffraction point O in relation to the mean ground plane receiver side. 

The irregularity of the ground between the source and the diffraction point, and between the diffraction 

point and the receiver, is taken into account by means of equivalent heights calculated in relation to 

the mean ground plane, source side first and receiver side second (two mean ground planes). (see 

Figure 9) 

2. Pure diffraction (No ground effect) 

                
  

 
      

  

 
       

           

  

Equation 61 

       
    
   

    

Equation 62 

fm - nominal centre frequency of a frequency band; h0 - greatest of two heights of the diffraction edge in relation to 

each of the two mean ground planes source side and receiver side; λ - wavelength at the nominal centre 

frequency of the frequency band considered; δ - path difference between the diffracted path and the direct path 

(see below);       (single diffractions) 

      
          

        
  

Equation 63 

3. Path difference calculation 

The path difference   is calculated as in Figure 10 and Figure 11 based on the situations encountered: 
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 Homogeneous conditions 

 
Figure 10 - Path difference - Homogeneous conditions 

 Favourable conditions (Downward conditions) 

In downward-refraction conditions, it is considered that the three sound ray curves SO, OR and SR 

have identical radius of curvature   defined by 

               

Equation 64 

d - length of the straight segment SR. 

 

Figure 11 - Path difference - Favourable conditions 

The length of a sound ray curve MN is noted     in downward-refraction conditions.  

             
  

  
  

Equation 65 

Single diffraction 

Two formulae are sufficient for the path difference calculation, one where the straight sound ray is 

masked by the obstacle and other where that does not happen.  

               (case 1 and 2) 

                         (case 3) 

Equation 66 
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4. Calculation of the attenuation Adif 

The attenuation from the diffraction, taking the ground effects on the source side and receiver side into 

account, is calculated according to the following general formula: 

                                         

Equation 67 

          - attenuation from the diffraction between the source S and the receiver R;              - attenuation from 

the ground effect source side, weighted by the diffraction source side;              - attenuation from the ground 

effect receiver side, weighted by the diffraction receiver side 

The term            is defined as 

                                                                    

Equation 68 

where, 

 
 
 

 
  

       

          
                  

 

 
        

        
                   

  

        - attenuation from the diffraction between Y, calculated as in 2. Pure diffraction (No ground effect). 

           - attenuation from the diffraction between S and R, calculated as in 2. Pure diffraction (No ground effect). 

This term is calculated as indicated in 3. Path difference calculation. for homogeneous conditions and 

for downward-refraction conditions, with the following assumptions: 
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5. ASSESSMENT OF THE CNOSSOS-EU MODEL 

5.1. INTRODUCTION 

This assessment consists of three parts, the comparative analysis, the simulated scenarios and the 

experimental evaluation. 

The comparative analysis between CNOSSOS-EU and NMPB-1996, highlights the differences and 

similarities between the models. This analysis will be important for the interpretation of results from the 

simulated scenarios and from the experimental evaluation. 

The simulated scenarios derive from several variations of specific parameters in order to evaluate the 

behaviour and sensitivity of the models to parameter changes. 

The experimental evaluation, shows the acoustic measurements that were done with a sound level 

meter in three different urban locations. These real measured scenarios were replicated in the 

MATLAB simulations with the purpose of assessing the CNOSSOS-EU model, in comparison with the 

NMPB-1996 model, in order to reach some conclusions about the validity and applicability of the 

model.  

5.2. COMPARATIVE ANALYSIS OF CNOSSOS-EU WITH NMPB-1996+GDB80 

In this chapter, the principal parameters of the CNOSSOS-EU and of the NMPB-1996+GDB80 are 

compared and the major differences between them are pointed out. The comparative analysis is done 

in two parts, one related with the emission component (see 5.2.1. Emission model) and the other with 

the propagation component (see 5.2.2. Propagation model). In order to allow a easier perception of 

the differences, or similarities, the analysis was organized in several tables. 

There are some nomenclature differences, which in terms of comparison are not taken into account, 

once they does not produce differences in practice. 

For the sake of completeness, the NMPB-2008 model was also included in the analysis. 
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5.2.1. Emission model 

Table 11 - Comparative analysis of the Emission model 

 

GdB 1980 vs CNOSSOS-EU 

As can be seen in the previous table, there are some differences between GdB 1980 and CNOSSOS-

EU, starting with the characterization of the traffic composition, for which CNOSSOS-EU requires a 

more detailed information, by having more vehicles categories. Contrary to CNOSSOS-EU , GdB 1980 

does not take into account the road surface effect.  

Sound emission data on entry  

It is here, where the most significant differences can be found. In CNOSSOS-EU sound power level 

calculation takes into account the two main components of traffic noise, rolling and propulsion noise, 

which did not happen with the power level values found in GdB 1980 abaques [CERTU (Abaques), 

1980]. More precisely, this separation was not made explicitly, because the total noise was already 

considered instead of being separated to these two components.  

GdB 1980 includes here a well defined spectral distribution parameter (R(j)), whereas CNOSSOS-EU 

has this correction integrated in the sound power level calculation.  

                                                           
13

 Guide du bruit 1980 provides a standard noise emission for a standard road surface. However, and taking into 

account that, road surface has influence in noise on levels so Directive 2003/613/CE suggested to introduce road 
surface corrections to the GdB 1980.  

 GdB 1980 NMPB-2008 CNOSSOS-EU 

Bands Octave 1/3 Octave Octave 

Frequency range (Hz) 125 - 4000 100-5000 125 - 4000 

Vehicle Categories 2 4 

Speed range (km/h) Light Vehicles: [20, 130]        Heavy Vehicles:  [20, 100] 

Road gradient 
(%) 

-2 < Horizontal < 2 
-2 ≥ Gradient ≥ 2  

-2 ≤ Horizontal  ≤ 2 
[-6,-2[ > Gradient >]2, 6] 

Types of traffic flow 4 3 

vref (km/h) N/A 
90 - used for surface 
categories analyse 

70 

     (ºC) N/A 
20 - rolling noise component 

data 
20 

Surface Categories No influence
13

 3 1 

Source height (hs) (m) 0.5 0.05 

Breakdown source lines 
into point sources 

Yes 
Yes (Acoustically 

Homogeneous sections) 
Yes 

Rolling N/A 
Type of vehicle, surface, 

speed, 
Temperature, flow type, surface, 

tyres, speed, type of vehicle 

Propulsion N/A 
Type of vehicle, speed, flow 

type, gradient (HGV) 
Gradient, flow type, surface, type 

of vehicle, speed 
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Table 12 - Sound emission data 

 

  - Emission sound level in dB(A) for a vehicle category, as defined in [CERTU (Abaques), 1980];   - Traffic flow 

in veh/h, as defined in [CERTU (Abaques), 1980];   - Vehicle category;    - Light vehicles category;    - Heavy 

vehicles category;      - Sound power of point source;          - Directional sound power of a point source;  

        - Sound power level for rolling noise;         - Sound power level for propulsion noise;      - Spectral 

distribution;    - segment length;  - Sum of the sound levels due to mutually incoherent sources; 

NMPB-2008 

Sound emission data on entry  

 

 

 

     - Power level per unit of length for a vehicle category, as defined in [Sétra, 2011] 

   - Light vehicles category;    - Heavy vehicles category; 

         - Sound power level per metre of line source for a unit flow rate, calculated for each vehicle category;  

 

The NMPB-2008 already calculates the sound power level, taking into account the two components of 

road traffic noise, rolling and engine/propulsion. Like GdB 1980, NMPB-2008 applies here the spectral 

distribution. 

In Figure 12 it is possible to see already the differences verified for the emission values, for a steady 

speed flow. 

According to the GdB 1980, the LV and HGV travelling at steady speed emit the same noise on a 

downwards gradient as on a horizontal road. CNOSSOS-EU also shows this characteristic for LV. 

Table 13 - Emission values difference between GdB 1980 and CNOSSOS-EU 

 

 

 

 

 

GdB 1980 CNOSSOS-EU 

               - 

                                       

               

                                   
  

       
   

         

NMPB-2008 

               

                                                        

 LV HGV 

Speed 
Horizontal / 

Downwards 
Upwards Horizontal Downwards Upwards 

20 2.6 9.7 5.7 5.3 5.2 

50 0.7 3.6 2.7 1.4 0.5 

80 1.3 0.8 2.6 0.8 -1.7 

100 1.2 0.7 3.4 1.3 -1.7 
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GdB 1980 presents values significantly higher for low speeds, as seen in Figure 12 and verified in 

Table 13. The only situation where CNOSSOS-EU presents values higher than GdB 1980, is in the 

HGV/Upwards case, for speeds beyond 50 km/h. 

Observing the LV/Upwards case, the two models show a very different behaviour. The CNOSSOS-EU 

model presents a growing regular behaviour, such as the horizontal/downwards case, the values 

being 0.5 dB higher. The GdB 1980 shows a decreasing behaviour from 20 to 45 km/h, from there 

presents a growth, being slight till 80 km/h. Beyond 80 km/h up, the two models evolve equally. 

(difference between them is constant) 

Observing the HGV/Horizontal case, GdB 1980 and CNOSSOS-EU show a similar behaviour GdB 

1980 varying more, however; both start with a downward trend, up to 50 km/h followed by constant 

power emission up to 70 km/h, passing then to an increasing noise power emission behaviour. The 

only difference to the downwards case, is that CNOSSOS-EU shows a faster growth than in the 

horizontal case, as verified by the values in the Table 13. 

 

 

 

 

Figure 12 - Emission values for one vehicle. Upwards (6%), Horizontal (0%), Downwards (-6%) 
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When comparing LV with HGV emission values, it is easy to see that the relations with speed are 

substantially different and that the HGV emission values are much higher, as would be expected. 

Table 14 shows the differences between the HGV emission values and the LV emission values, for 

each model. In the GdB 1980, the differences are only for low speeds and it is seen that for the 

horizontal and downwards gradient the differences are way larger. In the CNOSSOS-EU, the 

differences between the gradients are getting larger as higher is the speed, showing that the as long 

as the speed increase the differences between HGV and LV, although the HGV-LV variation are 

getting smaller in each of the gradients, it is possible to see that for the horizontal gradient it is a lot 

faster. Comparing the two models, we see that the general behaviour is shared. 

Table 14 - Emission values difference between HGV and LV 

 

 

 

 

5.2.2. Propagation model 

Propagation model differences are resumed in Table 15, where the differences that stand out are the 

ground effect calculation and the path difference calculation. 

Table 15 - Propagation 
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  shall not be applied in the Δdif terms that intervene in the calculation of Δground 

 GdB 1980 CNOSSOS-EU 

Speed Horizontal / Downwards Upwards Horizontal Downwards Upwards 

20 17.6 11.0 14.5 14.9 15.5 

50 12.3 9.9 10.3 11.6 12.9 

80 9.0 7.6 9.4 11.4 

100 8.8 6.6 8.7 11.1 

 NMPB-1996/XP S 31-133 NMPB-2008 CNOSSOS-EU 

Bands Octave 1/3 Octave Octave 

Frequency range (Hz) 125 - 4000 100 - 5000 63 - 4000 

Meteorological conditions 2 

Perpendicular distance limit (SR) (m) 800 

Maximum path length None 2000 N/A 

Line Source » Point Sources Yes 

Periods for LAeq calculation 2 2/3 2/3 

Receiver height (recommended) (m) >2 

Embankment slope Mean ground plane Atalus/Δtalus Mean ground plane 

Propagation trajectories (Path types) 2 4 

Atmospheric absorption (α) Defined in ISO 9613-1 

Ground factor (G) 0 or 1 [0,1] 

Diffraction sides 2 

Ground effect in Favourable 
conditions 

Derived from ISO 9613-2 Derived from Asol,H definition 

Asol/Adif transition Test at 500 Hz Test for each third-octave Test for each octave 

Upper limit of Δdif 25 dB on horizontal edge  
Only in Δdif figuring in the 

calculation of Adif 

25 dB on horizontal 
edge and only in Δdif 

figuring in the 
calculation of Adif 

14
 

Calculation Procedure See 4.3.3.1. 

Path difference (Favourable 
conditions) 

Raising in line with 
diffraction edges 

Calculation of the length of ray curves 
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NMPB-1996 vs CNOSSOS-EU 

The only differences between the models, besides the frequency range and resolution, are related 

with the calculations of the ground effect and diffraction path difference under favourable conditions. 

For the other situations both propagation models are equivalent. 

Ground effect 

In the NMPB-1996 model, the Aground,F formulation is derived from the ISO 9613-2 norm, which was 

been developed for industrial sources, for calculating the ground effect it is necessary to divide the 

path in three areas: source, middle and receiver areas. Then it is necessary to apply the following 

formulas in order to calculate the equation under. 

                      

Equation 69 

Table 16 - NMPB-1996 - Attenuation due to ground formulas 

Octave Band      /           

125 -1.5 + G a'(z) 

-3 q (1-G) 

250 -1.5 + G b'(z) 

500 -1.5 + G c'(z) 

1000 -1.5 + G d'(z) 

2000 -1.5 (1-G) 

4000 -1.5 (1-G) 

 

Table 17 - NMPB-1996 - Attenuation due to ground variable formulas 

 z G  

     zs Gs=0                         
 
                      

 
           

    
 
  

                    
 
            

                     
 
            

                   
 
            

     zr G'trajet 

     - G'trajet    
              

                        
  

 

However, for CNOSSOS-EU, it is only consider two areas: source and receiver. To calculate the 

ground effect for favourable conditions (downward) it is only necessary to adapt the formulae given for 

the homogeneous conditions as seen in 4.3.3.3.1 Ground effect. The result is a more coherent 

formulation regarding the ground effect, with the same formula valid for both atmospheric conditions. 
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Diffraction path difference calculation 

Table 18 - Attenuation due to boundary 

 

 

 

 

 

 

 

Cases 1 and 2, are situations where the straight sound ray SR is masked by the obstacle. In case 3, it 

is not masked. 

A simple calculation for a scenario (representing case 1 and 2) where the source and receiver are 

both at 10m from the obstacle (height - 4m), and both are at same height (2m), showed that      

NMPB-1996 returns higher values for path difference, however this difference is in the order of 

hundredths. The same is verified for case 3. Thus, in practice both models returns approximately the 

same value. 

Diffraction attenuation 

CNOSSOS-EU, introduces the term Ch, whose value can be maximum equal to 1. 

Table 19 - Attenuation due to diffraction 

 

 

 

       
    
   

    

This term allows to reduce the diffraction attenuation if 
    

   
 is smaller than one. 

This occurs when          , where fm is the nominal centre frequency of a frequency band (125, 

250, 500, 1000, 2000, 4000) and h0 is the greatest of two heights of the diffraction edge in relation to 

each of the two mean ground planes source side and receiver side. 

Taking into account the above centre frequencies, Ch can only be less than 1 if h0 is lower than the 

following values for each frequency: 2, 1, 0.5, 0.25, 0.125, 0.0625 m. 

For the normally found diffraction cases one can see that the value will be always one because h0 is 

usually always higher than 2m. 

NMPB-1996 CNOSSOS-EU 

Raising in line with the diffraction edges Calculation of the length of ray curves 

   
  

  
 

        

             
  

  
  

                   (case 1 and 2)                 (case 1 and 2) 

                        (case 3)                          (case 3) 

NMPB-1996 CNOSSOS-EU 
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5.3. SIMULATED SCENARIOS 

In order to assess the CNOSSOS-EU model in practice, and in order to compare it with the        

NMPB-1996 - GdB1980 model, four scenarios were defined and simulated with the developed and 

implemented MATLAB code. The main differences between these four scenarios derive from 

considering an absorbent (G=1) or reflective ground (G=0) and from including or not the effect of 

sound diffraction by a barrier. 

Each simulated scenario considered a set of base parameters, given in Table 20, for defining both the 

geometric arrangement and the road traffic. 

For each of the simulated scenarios some parameters values were then varied over some defined 

interval in order to see the implications that these variations have in the results obtained by the 

CNOSSOS-EU model and by the NMPB-1996 - GdB 1980 model (and also by the NMPB-2008 model, 

for comparing purposes). 

The four scenarios and the set of base parameters values were chosen so that they can represent real 

situations found in practice. 

 

 

 

 

 

Scenario parameters 

 [m] 

hR 2 

d1 3 

d2 97 

hbarrier 3 or 4 

Figure 13 - Simulated scenarios 
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5.3.1. Base parameters values 

The base parameters values used for simulating the scenarios, which sets a base for comparisons are 

given in Table 20. 

Table 20 - Base parameters values 

 

 

 

 

 

 

 

 

Traffic flow base values used for CNOSSOS-EU simulations were defined as given in the next tables. 

Table 21 shows the values used in the case where the Light vehicles are composed by 90% cars and 

10% motorcycles and the Heavy vehicles are subdivided in 75% Medium and 25% Heavy. This traffic 

distribution will be called Traffic 1. Table 21 also shows the Traffic 2 with a change in the Light 

vehicles composition, which is now composed by 70% cars and 30% motorcycles. Another two 

compositions having a higher percentage of heavy vehicles, but no motorcycles, are also shown. The 

difference between them are the allocation of the vehicles in the "heavy vehicles categories". In Traffic 

3, all heavy vehicles are medium vehicles, while in Traffic 4 they are all heavy. 

Table 21 - Traffic composition - CNOSSOS-EU 

 

 

 

 

 

 

These base values were set to analyse the influence of the different types of vehicles, the first two 

traffic compositions, are used for the understanding of the motorcycles influence, and the last two 

traffic compositions, besides reflecting percentage of the overall heavy vehicles, they also allow to see 

the differences between the medium and heavy tonnage vehicles.  

Since the NMPB models (NMPB-1996/NMPB-2008) have only two vehicle categories, the changes 

between Traffic 1 and 2 will not have influence in the results for these models, since the differences 

are only in the percentage of motorcycles in the light vehicles share. On the other hand, the changes 

between Traffic 1 and 3 are significant, because of the increase in heavy vehicles. Table 22 shows the 

Base parameters values 

Traffic flow 10000 veh/h 

% Heavy vehicles 10 % 

Velocity 80 km/h 

Temperature 20 ºC 

Slope 0 % 

Receiver height 2 m 

Barrier height 0 3 4 m 

Distance SR 100 m 

Prob. Favourable 0,5 %/100 

Age Surface 4 years 

 
No Porous 

Road length 500 m 

Segment length 10 m 

Lane width 3 m 

Base Values - CNOSSOS-EU 

 Traffic 1 Traffic 2 Traffic 3 Traffic 4  

Traffic flow 10000 veh/h 

% Heavy 10 30 % 

m=1 8100 6300 7000 veh/h 

m=2 750 3000 0 veh/h 

m=3 250 0 3000 veh/h 

m=4a 0 veh/h 

m=4b 900 2700 0 veh/h 
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traffic compositions used in the simulations for the NMPB models. Traffic A and Traffic B only differ in 

the % Heavy vehicles. Traffic A has 10% and Traffic B 30%. 

Table 22 - Traffic composition - NMPB 

 

 

 

 

When analysing the results from the MATLAB simulations, it is useful to compare them to the results 

obtained by CADNA A software, specially for the NMPB-1996 model, which is fully implemented in 

CADNA A software for several years. 

5.3.2. Scenario results obtained with base parameters values 

The results obtained from first simulations with Traffic 1 and 2 showed that the changes in the sound 

levels are not significant when there is an increase of the motorcycles weight of 20% in the light 

vehicles share. Taking this observation into account, it was opted to consider only Traffic 1 in the 

subsequent simulations using the CNOSSOS-EU model. 

The differences in the results obtained whether using Traffic 3 or 4 show, as would be expected, that it 

is in fact relevant if the heavy vehicles are ascribed to the medium or heavy tonnage categories of 

CNOSSOS-EU model. When defined as category m=3, corresponding to heavy tonnage (Traffic 4), 

the obtained sound levels are approximately 2 dB higher than when defined as category m=2, 

corresponding to medium tonnage (Traffic 3). 

Due to this finding, and having in mind the best comparison of the CNOSSOS-EU model with the 

NMPB-1996 model, Traffic 4 was chosen for the subsequent analysis of parameters variation because 

the sound levels obtained using this traffic composition were closer to the ones obtained with     

NMPB-1996. This fact allows also one to conclude that the heavy tonnage vehicles category (m=3) of 

CNOSSOS-EU corresponds to the heavy vehicles category (m=2) of the NMPB-1996 model. 

The resulting sound levels given in Table 23-25, for G=0, show that CNOSSOS-EU predicts always 

lower values than NMPB-1996, and also than NMPB-2008, for all the simulated scenarios. 

The difference for non-diffraction scenarios between CNOSSOS-EU and NMPB-1996 is 4,4 dB for the 

case with 10% heavy vehicles and rises up to 4,8 dB for the case with 30% heavy vehicles. When 

considering the differences between CNOSSOS-EU and NMPB-2008 one sees that they are 

somewhat smaller, respectively, 2,1 dB and 2,7 dB for 10% and 30% heavy vehicles. 

For diffraction scenarios there are not significant differences between the two scenarios (Ho=3 and 

Ho=4), though the differences between CNOSSOS-EU and the other models are more pronounced 

than for the non-diffraction cases. In the case with 10% heavy vehicles, the difference between 

CNOSSOS-EU and NMPB-1996 is 6,5 dB and drops to 6,2 dB for the case with 30% heavy vehicles. 

Base Values - NMPB 

 Traffic A Traffic B  

Traffic flow 10000 veh/h 

% Heavy 10 30 % 

m=1 9000 7000 veh  

m=2 1000 3000 veh  
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When considering the differences between CNOSSOS-EU and NMPB-2008 one sees that they are 

somewhat smaller, respectively, 3,3 dB and 3,1 dB for 10% and 30% heavy vehicles. One sees that 

for the diffraction scenarios the differences are smaller when increasing the Heavy vehicles 

percentage. It is also possible to see that the insertion loss caused by the barrier presence is higher 

for CNOSSOS-EU. 

Table 23 - Simulations results - Base Values (1) - G=0 

 

 

 

 

 
 

 

 

 
Table 24 - Simulations results - Base Values (2) - G=0 

 

 

 

 

 

 

 

 

Table 25 - Differences - Base Values - G=0 

 

 

 

 

 

 

 

 

Sound Pressure Level - dB(A) 

 Traffic 1 Traffic 2 

 Ho=0 Ho=3 Ho=4 Ho=0 Ho=3 Ho=4 

CNOSSOS-EU 68.6 50.9 48.8 68.4 50.8 48.7 

Software CADNA A 71.4 50.4 48.7 71.4 50.6 48.9 

 Traffic Composition A 

 Ho=0 Ho=3 Ho=4 

NMPB-1996 73.0 57.4 55.1 

Software CADNA A 73.0 57.7 55.4 

NMPB-2008 70.7 54.2 52.1 

Software CADNA A 73.8 55.6 53.4 

Sound Pressure Level - dB(A) 

 Traffic 3 Traffic 4 

 Ho=0 Ho=3 Ho=4 Ho=0 Ho=3 Ho=4 

CNOSSOS-EU 69.3 51.9 49.8 70.8 53.8 51.7 

Software CADNA A 72.1 51.3 49.6 73.6 53.1 51.3 

 Traffic Composition B 

 Ho=0 Ho=3 Ho=4 

NMPB-1996 75.6 60.0 57.6 

Software CADNA A 75.6 60.2 57.9 

NMPB-2008 73.5 56.9 54.8 

Software CADNA A 76.3 58.2 56.0 

Sound Pressure Level - dB(A) 

 Traffic 1 Traffic 4 

 Ho=0 Ho=3 Ho=4 Ho=0 Ho=3 Ho=4 

CNOSSOS-EU 68.6 50.9 48.8 67.9 50.9 48.8 

Software CADNA A 71.4 50.4 48.7 63.0 49.4 48.0 

 Traffic 1 - Traffic A Traffic 4 - Traffic B 

NMPB-1996 -4.4 -6.5 -6.3 -4.8 -6.2 -5.9 

Software CADNA A -1.6 -7.3 -6.7 -2.0 -7.1 -6.6 

NMPB-2008 -2.1 -3.3 -3.3 -2.7 -3.1 -3.1 

Software CADNA A -2.4 -5.2 -4.7 -2.7 -5.1 -4.7 
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The resulting sound levels given in Table 23-28, show, as the tables before, that CNOSSOS-EU 

predicts always lower values, for all the simulated scenarios, than NMPB-1996 and NMPB-2008. The 

levels for G=1 are lower than G=0, as expected, once the ground absorption is higher. 

The difference for non-diffraction scenarios between CNOSSOS-EU and NMPB-1996 is 4,0 dB for the 

case with 10% heavy vehicles and rises up to 4,4 dB for the case with 30% heavy vehicles. When 

considering the differences between CNOSSOS-EU and NMPB-2008 one sees that they are 

somewhat smaller, respectively, 2,1 dB and 2,7 dB for 10% and 30% heavy vehicles. 

For diffraction scenarios there are not significant differences between the two scenarios (Ho=3 and 

Ho=4) as before, though the differences between CNOSSOS-EU and the other models are more 

pronounced than for the non-diffraction cases. In the case with 10% heavy vehicles, the difference 

between CNOSSOS-EU and NMPB-1996 is 5,3 dB and drops to 5,0 dB for the case with 30% heavy 

vehicles. When considering the differences between CNOSSOS-EU and NMPB-2008 one sees that 

they are somewhat smaller, respectively, 3,3 dB and 3,1 dB for 10% and 30% heavy vehicles. Once 

again one sees that for the diffraction scenarios the differences are smaller when increasing the 

Heavy vehicles percentage. 

Table 26 - Simulations results - Base Values (1) - G=1 

 

 

 

 

 

 
 

 

 
Table 27 - Simulations results - Base Values (2) - G=1 

 

 

 

 

 

 

 

 

 

Sound Pressure Level - dB(A) 

 Traffic 1 Traffic 2 

 Ho=0 Ho=3 Ho=4 Ho=0 Ho=3 Ho=4 

CNOSSOS-EU 65.7 48.0 46.0 65.5 47.9 45.9 

Software CADNA A 61.2 46.9 45.5 61.3 47.0 45.7 

 Traffic Composition A 

 Ho=0 Ho=3 Ho=4 

NMPB-1996 69.7 53.3 51.1 

Software CADNA A 68.0 52.9 50.9 

NMPB-2008 67.8 51.3 49.2 

Software CADNA A 62.6 51.3 49.8 

Sound Pressure Level - dB(A) 

 Traffic 3 Traffic 4 

 Ho=0 Ho=3 Ho=4 Ho=0 Ho=3 Ho=4 

CNOSSOS-EU 66.4 49.0 46.9 67.9 50.9 48.8 

Software CADNA A 61.9 47.7 46.3 63.0 49.4 48.0 

 Traffic Composition B 

 Ho=0 Ho=3 Ho=4 

NMPB-1996 72.3 55.9 53.7 

Software CADNA A 70.5 55.5 53.5 

NMPB-2008 70.6 54.0 51.9 

Software CADNA A 65.2 53.9 52.4 
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The variations are smaller than the ones verified for G=0, besides that the behaviours are equal. 

Table 28 - Differences - Base Values - G=1 

 

 

 

 

 

 

 

Table 29 resumes the level differences between the ones verified for G=0 and the ones for G=1. It 

shows that levels are higher for reflective ground surfaces (G=0) in all cases, as expected, and that 

the G influence is almost the same; this is, the difference between the levels with G=0 and with the 

G=1 is mostly constant for the various traffic compositions and also for the case with or without barrier 

presence. Even when one analyse model by model, one sees that difference is constant, allowing to 

say that G has a fixed influence that is independent from the other parameters. 

Table 29 - Differences - Base Values - G=0-G=1 

 

 

 

 

 

 

 

5.3.3. Simulations Map for analysis of parameters variations 

Figure 14, outlines the simulations process, that was implemented for analysing the behaviour of 

CNOSSOS-EU relative to the variation of some relevant parameters used in the model. For each 

scenario, the base parameters' values from Table 20-21 were used as a reference and starting from 

this particular choice the values were varied over a defined interval. These simulations allow one to 

understand how the sound levels evolve with the changes in the parameter chosen.  

Sound Pressure Level - dB(A) 

 Traffic 1 Traffic 4 

 Ho=0 Ho=3 Ho=4 Ho=0 Ho=3 Ho=4 

CNOSSOS-EU 65.7 48.0 46.0 67.9 50.9 48.8 

Software CADNA A 61.2 46.9 45.5 63.0 49.4 48.0 

 Traffic 1 - Traffic A Traffic 4 - Traffic B 

NMPB-1996 -4.0 -5.3 -5.1 -4.4 -5.0 -4.9 

Software CADNA A -6.8 -6.0 -5.4 -7.5 -6.1 -5.5 

NMPB-2008 -2.1 -3.3 -3.2 -2.7 -3.1 -3.1 

Software CADNA A -1.4 -4.4 -4.3 -2.2 -4.5 -4.4 

Sound Pressure Level - dB(A) 

G=0 - G=1 
Traffic 1 / Traffic A Traffic 4 / Traffic B 

Ho=0 Ho=3 Ho=4 Ho=0 Ho=3 Ho=4 

CNOSSOS-EU 2.9 2.9 2.9 2.9 2.9 2.9 

Software CADNA A 10.2 3.5 3.2 10.6 3.7 3.3 

NMPB-1996 3.3 4.0 4.0 3.3 4.0 4.0 

Software CADNA A 5.0 4.8 4.5 5.1 4.7 4.4 

NMPB-2008 2.9 2.9 2.9 2.9 2.9 2.9 

Software CADNA A 11.2 4.3 3.6 11.1 4.3 3.6 
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Figure 14 - Simulations map 

5.3.4. Parameters Variation 

Starting from the base parameters defined before, one parameter at a time was selected, from Table 

30, to replace the base values. With this proceeding one can assess the influence of the particular 

parameters' variation in the predicted sound levels. 

Table 30 - Parameters values 

 

 

 

 

 

In the next pages, the results of these variations are presented in a graphical way for an easier 

analysis. The tables with the numeric results are given in 8.II.. 

 

 

 

Simulations 

Base Values 

(No Barrier) 

Tr
aff
ic 

Parameter
s 

Base Values 

(Barrier Height - 3m) 

Traffic 
composition 

Parameters 
Variation 

Speed 

Barrier height 

Heavy vehicles 

Distance SR 

Slope  

Prob. Favourable 
G 

Parameters values 

Speed (km/h) 20, 30, 40, 50, 60, 70, 80, 90, 100 

Barrier height (m) 0,0.5,1, 2, 2.6, 3, 3.6, 4, 4.6, 5 

 Heavy vehicles (%) 0, 2.5, 5, 10, 20, 30, 40, 50 

Distance SR (m) 10, 50, 100, 200, 500, 800 

Slope (%) -6, -4, -2, 0, 2, 4, 6 

Prob. Favourable (%)  0, 25, 50, 75, 100 

G 0, 1 
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 Traffic Composition 1 

 No Barrier 

 G=0 

 

 

 

As can be seen in the graphics above, NMPB-1996 presents higher values than CNOSSOS-EU for all 

the cases. 

One can see that is on the speed variation case that the difference is more evident. For lower speeds 

(up to 50km/h) NMPB-1996 shows a descent behaviour unlike CNOSSOS-EU. This case can be 

explained by the fact that at lower speeds the dominant noise component is the propulsion/engine one 

and since the emission model for NMPB-1996 dates from 1980, this difference in the behaviour can be 

representative of a large improvement on reducing the engine noise emission since these days until 

now. (See Figure 12) For higher speeds it is possible to verify that the evolution is similar in both 

models, NMPB-1996 and CNOSSOS-EU. 

For the heavy vehicles percentage, CNOSSOS-EU presents a minor and more linear variation, which 

is expected, once CNOSSOS-EU has more types of vehicles than NMPB-1996. In CNOSSOS-EU, 

medium and heavy vehicles, correspond to the heavy ones in NMPB-1996. 
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For the distance between the source and the receiver, the tendencies are almost equal in all 

scenarios. There is a strong down in the first 200m where the levels descend ~15 dB, and from 200m 

to 800m the fall slows down and the level descends approximately the same in 600m that in the first 

200m. This shows that the major effects of noise dissipate in the first 200m. 

Slope influences mostly the engine/propulsion noise component. For the conditions analysed slope 

changes produce variations of less than 1 dB, except in CNOSSOS-EU where this value is exceed by 

a few tenth dB. From this it is possible to conclude that for these types of scenarios, the road slope 

does not show the influence that the other parameters have. 

The favourable conditions percentage sets the weight of level calculations in each meteorological 

condition; if favourable conditions percentage is 50% then it means that for the total level, 

homogeneous calculations have a weight of 50% and downwind calculations have a weight of 50%. 

As expected the behaviour of NMPB-2008 and CNOSSOS-EU is equal and already knowing that the 

big improvement made from NMPB-1996 to NMPB-2008 was the favourable conditions calculations it 

is possible to confirm the changes. For NMPB-1996 there is almost no variation of the values along 

the favourable conditions percentage changes. 

 G=1 
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With this scenario one can see how increasing the value of G affects the behaviour of the parameters, 

once the only difference to the previous scenario is G=1, instead of G=0. The immediate conclusion is 

that G=1 values are lower than G=0. 

Looking at the speed, heavy vehicles percentage and gradient graphics, one can see that the 

behaviours are similar to the ones for G=0. The difference is a general reduction of the noise levels, 

~3.3 dB for NMPB-1996 and ~3.0 dB for CNOSSOS-EU. 

Analysing the distance graphic, one can verify that for shorter distances the decreasing of the levels is 

faster in G=1 and that the difference between G=0 and G=1 is gradually increasing along the distance, 

noticing that the difference stabilizes at 200m for CNOSSOS-EU.  

Lastly, when comparing the favourable conditions percentage graphic, one see that the G=0 levels are 

much higher than with G=1 for 0% than for 100%, so one concludes that usage of different G's is not 

relevant for favourable conditions. 

 Barrier height - 3 m 

 G=0 
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In this situation, diffraction is added trough a 3m high barrier. So it is expected that the levels will be 

much lower than for the same scenario without barrier. 

Indeed one verifies that levels are lower on average compared with the scenario without barrier, 15,5 

dB for NMPB-1996 and 17,4 dB for CNOSSOS-EU, so a barrier presence is more relevant in 

CNOSSOS-EU model, contributing for lower noise levels. However, there are not relevant changes in 

terms of the behaviour, meaning that besides the decrease in the levels, the parameters variation 

maintain the behaviour observed for the no barrier case. 

The noteworthy differences are in the CNOSSOS-EU model, where for speed, one can observe a 

faster decrease of the levels, which indicates that with the increase of speed, the effect of the barrier 

also increases, resulting in lower levels. In opposition, for the heavy vehicles percentage one notices a 

faster growth of the levels with the increase of this percentage. 

Lastly, when comparing the favourable conditions percentage, one can see that with the introduction 

of the barrier the effect of favourable conditions percentage variation is insignificant (less than 0.5 dB), 

contrasting with the variations observed in the no barrier scenario where for CNOSSOS-EU they 

reached 3.2 dB. 

 G=1 
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As seen in the no barrier case, the increase in the G value causes a noise level reduction but for this 

case (G=1), the reduction is larger for the NMPB-1996 model, approximately 4.0 dB. So, it is possible 

to conclude that the effect caused by increasing G, is amplified by a barrier presence on the      

NMPB-1996 model. 

As seen for the no barrier scenario, the same behaviour is verified for various parameters as speed, 

heavy vehicles percentage and gradient.  

For the distance parameter variation, one see that for NMPB-1996 the difference between G=0 and 

G=1 levels keep gradually increasing, reaching 6.0 dB for NMPB-1996 model. In the CNOSSOS-EU 

model this also occurs, but to a much less extent. 

For the favourable conditions percentage variation, one can see that CNOSSOS-EU model behaviour 

barely changes, contrasting with NMPB-1996, where the levels become lower as the percentage 

increases. This decrease in the levels did not occur for G=0, existing, in fact, an increase in that case. 

One can conclude that, the following combination, barrier presence, G=1 and high percentage of 

favourable conditions are the best combination in NMPB-1996 model for reducing the noise levels.  

The noise level values for a barrier scenario are smaller than for no barrier ones; on average 16,2 dB 

lower for NMPB-1996 and 17,2 dB lower for CNOSSOS-EU. Nevertheless, there are not relevant 

changes in terms of behaviour. 

The noteworthy differences are in CNOSSOS-EU model, where for speed, it can be observed a faster 

decrease of the levels, which indicates that with the increase of speed, the effect of the barrier also 

increases, resulting in lower levels. In opposition for the heavy vehicles percentage a faster growth of 

the levels with the increase of this percentage is noticed. 

Lastly, when comparing the favourable conditions percentage, one can see that with the introduction 

of the barrier in this case where G=1, the effect of favourable conditions percentage variation is 

significant, once for CNOSSOS-EU model this introduction makes this parameter irrelevant, while for 

NMPB-1996 a growth in this parameter is transformed in a decrement of the levels. 

 Barrier Variation 
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The barrier effect increases with barrier height as expected. This effect is specially relevant for heights 

up to two metres where a fast increase of the attenuation effect exists. After reaching that height, the 

attenuation effect is still present but evolves more slowly. The effect of ground absorption is the same 

as verified before, e.g. increasing G results in a decrease of the noise levels. 

Between CNOSSOS and NMPB-96 there are mainly not differences in the behaviour (some slight 

differences can be observed for height up to two metres) although the levels are lower in both G cases 

for CNOSSOS-EU model. 

 Traffic Composition 2 

As earlier defined, this traffic composition has 30% of Heavy vehicles. 

 No Barrier 

 G=0 

 

 

 

The noise level values are higher with this traffic composition, as expected once there are more heavy 

vehicles which have higher noise emission. 

In this case, one can compare the influence of the traffic composition variation for no barrier cases. 
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Analysing the speed parameter, one can see that for this traffic composition the NMPB-1996 and 

CNOSSOS-EU levels are higher, being this difference larger for lower speeds, which indicates a faster 

increase of TC1 levels with the speed. The variation range is also larger for the CNOSSOS-EU model. 

For NMPB-1996 model the variation of the heavy vehicles percentage, the slope and the distance, 

shows the same behaviour for both traffic compositions, once the difference between scenarios is 

always the same (2.6 dB). 

On the other hand, CNOSSOS-EU presents some changes between both traffic compositions. The 

heavy vehicles percentage the graphic is not equal to the one for TC1, because of the definition used 

for the traffic compositions (four vehicles categories in CNOSSOS-EU) . The TC1 heavy vehicles are 

75% medium and 25% heavy and in this case TC2 heavy vehicles are 100% heavy so it was expected 

that the TC2 noise levels increase faster and that the difference to NMPB-1996 would be smaller, as 

verified. For the distance parameter, the difference between models is almost the same for both traffic 

compositions, only verifying a small increase in the levels, when compared with the less heavy 

vehicles case. The gradient variations show significant differences for the major slopes, and for the 

upwards cases, where the bigger percentage of heavy vehicles have more influence. 

Finally, the behaviour in the favourable conditions percentage, for both models, is the same for both 

traffic compositions. 

 G=1 
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It is interesting to see that the differences between the noise levels calculated for the two traffic 

compositions (TC2-TC1) when G=0 and G=1 in the non diffraction cases are the same for all 

parameters except for the favourable conditions percentage, which allows one to conclude that the G 

factor does not affect the behaviours in these cases. For the favourable conditions percentage, the 

changes in NMPB-1996 are almost insignificant, while for CNOSSOS-EU they are noticed, once when 

this percentage is increasing the difference between TC2 and TC1 is becoming lower indicating that 

TC1 noise levels are increasing faster than TC2 ones. 

 Barrier height - 3 m 

 G=0 

 

 

 

Through a brief comparison between these results and the results for the same scenario but with TC1, 

one can rapidly verify that NMPB-1996 presents the same difference values, verified in the 
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nevertheless the TC2 levels are always higher than TC1 ones, and barrier scenarios show lower 

levels than no barrier scenarios, as before. Meanwhile for this TC2, CNOSSOS-EU shows a small (on 
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compared with TC1, but the behaviour of the parameters is approximately the same once the 

difference remains constant along the parameters variation. 

When considering the presence of the barrier, one verify that once again the differences are the same 

to the ones registered for TC1, which indicates again the same trends in the parameters, being the 

only difference, the values of the levels. 

In resume, one verifies that the following level subtractions present the same results: 

(TC2 No Barrier G=0) - (TC2 Barrier G=0) = (TC1 No Barrier G=0) - (TC1 Barrier G=0) = 15,5 dB and 

(TC2 Barrier G=0) - (TC1 Barrier G=0) = (TC2 No Barrier G=0) - (TC1 No Barrier G=0) = 2,2 dB. 

so, one can conclude that for G=0, the change of traffic composition and the presence or absence of 

barrier for a traffic composition does not affect the behaviour once the results of the equations above 

are verified. 

 G=1 

 

 

 

One more time, one can see that when analysing the influence of the changes on the traffic 

composition for the same scenarios, the findings are the same as those registered for G=0. 
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Nevertheless the noise levels using G=0 and G=1 are different, being the TC2 ones larger than TC1 

ones, and the G=0 ones larger than the G=1 ones, as seen before. 

Analysing the presence of a barrier for G=1 and TC2, one can see that there are not many differences 

with the same situation for TC1. The noteworthy differences occur for the CNOSSOS-EU model, 

where the levels are ~0.6 dB smaller for the speed, distance and gradient parameters, almost the 

same for the heavy vehicles percentage, although with a steeper slope for the no barrier case. In the 

favourable conditions percentage, the differences are not exactly the same, albeit not significant. For 

this parameter differences are almost equal with the ones registered for the other parameters. 

Lastly, one verifies that, as for G=0, for G=1 the following level subtractions present the same results: 

(TC2 No Barrier G=1) - (TC2 Barrier G=1) = (TC1 No Barrier G=1) - (TC1 Barrier G=1) = 16,2 dB and 

(TC2 Barrier G=1) - (TC1 Barrier G=1) = (TC2 No Barrier G=1) - (TC1 No Barrier G=1) = 2,2 dB. 

so, one can conclude that for G=1, the change of traffic composition and the presence or absence of 

barrier for a traffic composition does not affect the behaviour once the results of the equations above 

are verified. 

 Barrier Variation 

 G=0 and G=1 

 

 

With this traffic composition 2 it is possible to see that the trends in the graphics are the same as the 

ones presented for the traffic composition 1. The differences are basically on the levels' values. On 

average the results obtained with TC2 are approximately 2.0 dB higher. 

5.3.5. Summary of the simulated scenarios results 

As seen in the last subchapter the behaviours of the NMPB-1996 model and CNOSSOS-EU model, 

for each parameter, are always similar, except for the speed variation, specially for low speeds. 
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Table 31 resumes the average differences in the levels calculated with NMPB-1996 model and 

CNOSSOS-EU model between the considered scenarios.  

Table 31 - Average levels difference 

From this table it is possible to verify that traffic composition is not a factor when calculated the noise 

levels difference between a no barrier scenario and a barrier scenario for NMPB-1996. And that even 

for the CNOSSOS-EU model it is not that relevant because the difference is only 0.5 dB. One can also 

verify that TC2 average levels are always 2.2 dB higher than for TC1 for NMPB-1996. This difference 

is almost the same for CNOSSOS-EU, however for the barrier scenario this model predicts levels in 

the TC2 case that are a little bit higher, reaching a difference of 2.8 dB. 

When comparing the NMPB-1996 and CNOSSOS-EU average levels, one can see that NMPB-1996 

levels are a lot higher than CNOSSOS-EU ones. The differences vary from 4.5 to 4.9 dB and from 5.0 

to 6.8 dB, for the no barrier scenario and the barrier scenario, respectively. In addition the   

CNOSSOS-EU variations are larger than the NMPB-1996 ones. 

When comparing the various scenarios, it is possible to conclude that without barrier the levels are 

always higher, as expected, being the difference larger for CNOSSOS-EU than for NMPB-1996. (G=0: 

15.5 dB; G=1: 16.2 dB) vs (G=0: 17.4/16.9 dB; G=1: 17.2/16.7 dB). 

From table 31, one can establish some simple conclusions like, levels are lower when G is higher and 

also when a barrier is introduced, as expected. But, in addition, one can conclude that the noise levels 

predicted with the CNOSSOS-EU model are always considerable lower than those predicted with the 

NMPB-1996 model. (On average 5,3 dB lower)  

Also the difference between predicted noise levels for scenarios with and without barrier are slightly 

higher in CNOSSOS-EU, therefore meaning that the insertion loss of barriers calculated with 

CNOSSOS-EU model is somewhat higher than with NMPB-1996.  

The difference between G=0 and G=1 predicted noise values are lower in CNOSSOS-EU model, 

meaning that for this model the ground effect attenuation has apparently less importance when 

compared with NMPB-1996. And this difference is enhanced for the barrier scenarios. 

 

TC1 TC2  TC1-TC2 

No 

Barrier 
Barrier Δ 

No 

Barrier 
Barrier Δ 

 No 

Barrier 
Barrier Δ 

NMPB-1996 

G=0 72.5 57.0 15.5 74.7 59.2 15.5  -2,2 -2,2 0,0 

G=1 69.1 52.9 16.2 71.3 55.1 16.2  -2,2 -2,2 0,0 

Δ 3.4 4.1 - 3.4 4.1 -  0,0 0,0  

CNOSSOS-EU 

G=0 67.6 50.2 17.4 69.9 53.0 16.9  -2,3 -2,8 0,5 

G=1 64.5 47.3 17.2 66.8 50.1 16.7  -2,3 -2,8 0,5 

Δ 3.1 2.9 - 3.1 2.9 -  0,0 0,0  

          

NMPB-1996 - 

CNOSSOS-EU 

G=0 4,9 6,8 -1,9 4,9 6,2 -1,4  

 G=1 4,6 5,6 -1,0 4,5 5,0 -0,5  

Δ 0,3 1,2  0,4 1,3   
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Finally for the CNOSSOS-EU model the biggest difference between G=0 and G=1 predicted noise 

values occur for a no barrier scenario, while for the NMPB-1996 model the opposite is verified. So the 

variation of the ground effect in the presence of a barrier is not as important with CNOSSOS-EU than 

with NMPB-1996 model. 

5.4. EXPERIMENTAL EVALUATION 

5.4.1. Acoustic measurements 

For the assessment of validity and accuracy of the models developed, some real measurements were 

made. Three different locations (see Figure 15) were chosen on the basis of some characteristics that 

were defined as important to do a good experimental assessment. These characteristics consisted in 

a regular traffic flow, presence or absence of a noise barrier at least at one location and the possibility 

to do acoustic measurements and counting cars at the same time. The main characteristics of the 

chosen locations are portrayed in table 32. 

Table 32 - Locations' geometrical dimensions 

 

 

 

 

All the measurements were done in the same day, between 10h40 and 13h in order to assure a 

continuous traffic flux, and under the same atmospheric conditions with a Brüel & Kjær, Sound 

Analyzer Type 2260, (Basic Sound Analysis SW BZ7210, Serial No 2324342) sound level meter. For 

practical reasons, the receiver height (microphone) was set equal to 1,5 m. 

Table 33 - Atmospheric conditions (source: www.IPMA.pt) 

Date, Hour 22/04/2014, 13H 

Temperature (ºC) 18,3 

Wind (km/h) 21,6  SW 

Humidity (%) 61,6 

For each location, two acoustic measurements, with approximately 10 minutes each, were done. After 

data analysis it was decided to reject the second measurement for the location 1, because there were 

many pauses in the measurement due to cars' pass-bys near the sound level meter and therefore the 

impossibility of having the correspondent number of cars passing in the main road. Henceforth one will 

refer to measurement 1 for location 1, measurements 3 and 4 for location 2, and measurements 5 and 

6 for location 3. Table 34 resumes the LAeq sound levels obtained. For a more detailed table see 8.I.. 

Table 34 - Measurements 

Location 1 2 3 

LAeq (dB) 58,6 57,4 57,9 66,4 66,5 

Location 1 2 3 

hR 1.5 1.5 1.5 

hbarrier 3.6 0.0 3.6 

d1 15.8 13.5 14.2 

d2 18.6 19.0 8.5 
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Figure 15 - Aerial photos of the measurements locations. 1- Eixo Norte-Sul. 2- Lispolis. 3- 2ª Circular. 

5.4.1.1. Location 1 - Eixo Norte-Sul 

This measurement site is located in a parking lot of an adjacent residential area to Eixo Norte-Sul, an 

interurban road, with a high traffic flow and high speeds (~ 80km/h or more). The segment studied has 

six lanes, three in each direction, and a slope of approximately 4%. The entire segment is provided 

with a sound barrier of 3.6 m height. The road is at a greater height with respect to the receiver as can 

be seen in the vertical profile (Figure 17). 

  

Figure 16 - Photos of the measurement site 1 - Eixo Norte-Sul 
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Figure 17 - Vertical profile of measurement site 1 - Eixo Norte-Sul 

 

Figure 18 - Plan and software CADNA A view - Site 1 - Eixo Norte-Sul 

5.4.1.2. Location 2 - LISPOLIS 

The second measurement site is located on a lawn next to a urban road which has a regular traffic 

flow and medium speeds (~50 km/h). The segment studied is flat and has 6 driving lanes, three in 

each direction. 

 

Figure 19 - Photos of the measurement site 2 - LISPOLIS 
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Figure 20 - Vertical profile of measurement site 2 - LISPOLIS 

 

Figure 21 - Plan and software CADNA A view - Site 2 - LISPOLIS 

5.4.1.3. Location 3 - 2ª Circular  

The third measurement site is located on a parallel road to the 2ª Circular, a interurban road with a 

high traffic flow and high speeds (80 or more). The studied segment is flat and has seven lanes, three 

in one direction and four in another. A sound barrier 3.6 m high, parallel to the entire segment, exists 

at this site. 

 

Figure 22 - Photos of the measurement site 3 - 2ª Circular 
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Figure 23 - Vertical profile of measurement site 3 - 2ª Circular 

 

Figure 24 - Plan and software CADNA A view - Site 3 - 2ª Circular 

5.4.2. Comparison of the experimental measures with simulation 

Real case studies conditions were very similar to the CNOSSOS-EU reference conditions as can be 

seen in the Table 35. 

Table 35 - Case Conditions 

Reference Conditions Real Case Studies Conditions 

Steady vehicle speed (     = 70 km/h) Steady speed (depends on the type of vehicle) 

a flat road Flat road and with gradient 

Air temperature τref = 20 °C Air temperature = 18ºC 

a virtual reference road surface, consisting of an average of dense asphalt concrete 0/11 and stone 

mastic asphalt 0/11, between 2 and 7 years old and in a representative maintenance condition 

a dry road surface 

a vehicle fleet for which the characteristics correspond to the values found for the European average 

no studded tyres. 
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Note that NMPB-2008 road surface is the most similar to the reference road surface described as the 

reference road surface for CNOSSOS-EU so it was the one used when comparisons were made. 

The values of the αatm coefficient used in each model comply with ISO 9613‐1. They are given for a 

temperature of 15 °C, a relative humidity of 70% and an atmospheric pressure of 101 325 Pa. 

For the simulation of the real measurements' scenarios the values for αatm were chosen for a 

temperature of 20ºC and a relative humidity of 60%. (Only for models that allow different conditions - 

CNOSSOS-EU and NMPB-1996). 

The traffic flow was assumed as constant as well as the speed. 

Taking into account that in this work no studded tyres (                           ) are considered 

and that speed remains always constant (              ), Equation 39 can be simplified to  

                                            

Equation 80 

Once the coefficients,      and   , are not yet available this correction coefficient shall be considered 

equal to zero. (               ), meaning that CNOSSOS-EU model is used with its reference 

surface data. 

                          

Equation 70 

As explained before (4.2.2.4), the Equation 42 can be simplified to 

                                

Equation 71 

In general, four types of paths can be considered, however in this dissertation only paths of type 1 

were used. 

Location 1 has a high traffic flow with high average speeds and a traffic composition characterized by 

~8% of heavy vehicles and ~2% of motorcycles. Location 3 is similar to location 1 but with half of the 

heavy vehicles percentage. Location 2 has a regular traffic flow with medium average speeds and a 

traffic composition characterized by ~3% of heavy vehicles and 0% of motorcycles for the first 

measurement (measurement 3) and for the second one (measurement 4) ~6% of heavy vehicles and 

2% of motorcycles. 
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Table 36 - Results comparison
15

 

 

 

 

 

 

 

 

 

 

 

 

When comparing the results from the MATLAB simulations, with the acoustic measures, it is possible 

to verify that there are some significant deviations. (See also 8.IV for MATLAB vs CADNA A) 

Recalling the locations characteristics one can divide them into two groups, without and with diffraction 

cases and within with diffraction one can still separate with slope and no slope. 

Looking to the non diffraction cases (measurements 3 and 4) one see that the CNOSSOS-EU is the 

model that records a minor error in relation to the measured sound level once presents a 1.5 dB and 

1.8 dB higher sound level than the measured level while the NMPB-1996 is the one with the worst 

predictions for this case, providing higher levels between 5.8 dB and 7.0 dB recording error greater 

than 10%, which can be justified by higher emission values and the absence of significant attenuations 

as a barrier to counter this fact. The NMPB-2008 presents interim results approaching more of the 

values recorded for the CNOSSOS-US.  

As for the diffraction cases one see that the NMPB-1996 presents less error when compared with the 

other models, which is around 0.5% in the case where no slope. For these cases the CNOSSOS-EU 

presents a considerable error, predicting lower levels between 4.7 dB and 5.8 dB, thus the model that 

fits less for these cases. The NMPB-2008 again has intermediate values. Looking Annex 8.IV one see 

that the percentage of error between simulations for MATLAB and for software CADNA A does not 

exceed 0.5% for the first three measurements for CNOSSOS-EU model, being this the more adjusted 

model. In the last two measurements is the NMPB-1996 presenting an error of 0.6% vs 2% of 

CNOSSOS-EU. 

                                                           
15

                                                          

 

Location 1 2 3 

Measure 1 3 4 5 6 

Sound Pressure Level - dB(A) 

Real 58.6 57.4 57.9 66.4 66.5 

NMPB-1996 

MATLAB 59.5 63.2 64.9 66.2 66.1 

Δ +0.9 +5.8 +7.0 -0.2 -0.4 

% error 1.5 10.1 12.1 0.3 0.6 

CNOSSOS-EU 

MATLAB 53.9 58.9 59.7 60.9 60.7 

Δ -4.7 +1.5 +1.8 -5.5 -5.8 

% error 7.9 2.6 3.1 8.3 8.7 

NMPB-2008 

MATLAB 56.8 59.9 60.9 63.4 63.3 

Δ -1.8 +2.5 +3.0 -3.0 -3.2 

% error 3.1 4.4 5.2 4.5 4.8 
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So for measurements 3, 4, 5 and 6 one can safely say which model best fits the measured situations, 

as the measurement 1, where the picture is more complex, given the existence of slope and the gap 

between road and the measurement location such clarification is not as direct, bearing in mind that the 

percentage of error between MATLAB and software CADNA is less than 1% for two models (NMPB-

1996 and CNOSSOS-EU). 

The differences with measurements made in scenarios with diffraction, are very significant in 

CNOSSOS-EU compared to the NMPB-1996 which may indicate a limitation in CNOSSOS-EU in such 

scenarios. Looking to the difference between the MATLAB results for NMPB-1996 and       

CNOSSOS-EU, one sees that on average the difference is 5 dB as already observed in chapters 

before.  

Resuming NMPB-1996 presents better results for the cases where diffraction occurs, and  

CNOSSOS-EU predicts better values when only the ground attenuation is taken into account. 

Since the CNOSSOS-EU propagation model is very similar to the NMPB-2008 one, and seeing the 

NMPB-2008 results for the diffraction cases, it is possible to say that the existent differences are 

resulting from the emission part. 

If one goes back to the emission graphics (Figure 12), and focus on speeds higher than 50 km/h for 

horizontal scenarios, it is possible to verify that NMPB-1996 has always higher emission values than 

the other models. However, for light vehicles the difference, in terms of values and behaviour, 

between all models is not too significant. The levels are around 50 dB, rising up to about 54 dB when 

speed is 80 km/h. If one looks at the heavy vehicles one can see that the CNOSSOS-EU behaviour is 

not so different to the NMPB-1996 one; However there exists a significance difference in terms of 

emission values (differences about 3 dB). In this case the values vary from 60 dB to 63 dB for 50 km/h 

and 61 dB to 64 dB for 80 km/h. 

Figure 25 shows the sound level spectra obtained in the acoustic measurements and these obtained 

by simulation with MATLAB implementation. 

The spectra for the same location do not show significant changes in terms of behaviour and in terms 

of levels. When comparing the spectra from different locations one can already see some differences. 

One is the dispersion of values for the different models for 125 Hz, where the location without barrier 

presents a wider range of values (measurements 3 and 4). 

One also see that the behaviours of the NMPB 1996 and NMPB-2008 models are almost equal and 

that the behaviour of the CNOSSOS-EU model is the closest to the real measurements behaviour. It is 

interesting to see that CNOSSOS-EU shows higher values for low frequencies than both NMPB 

models. 
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Figure 25 - Sound level spectra for the acoustic measurements and corresponding simulation. 

It is observed for all spectra that in general the levels are lower for high frequencies than for lower 

frequencies, with falling levels for frequencies higher than 1000 Hz. 
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6. CONCLUSIONS 
 

As described in the introduction, the objective of this dissertation is the assessment of the  

CNOSSOS-EU model. This assessment establishes the basis to conclude to what extend the change 

from the recommended interim model to the CNOSSOS-EU model is noteworthy and relevant. In the 

CNOSSOS-EU document it is clearly stated what are the main goals to be achieved: "The process 

should develop a consistent method of assessment capable of providing comparable results from the 

strategic noise mapping carried out by MS to fulfil their obligations under the END." [Kephalopoulos et 

al., 2012] 

Under this premise, the production of reliable and comparable information on the ambient noise levels 

will be fully achieved, trough the application of the new CNOSSOS-EU model by all MS. However it is 

important to understand if this new model is somehow better than the previously existing ones used 

(e.g. if simulated values are closer to real measurements). The work of this dissertation tried to answer 

this question. 

For that purpose an analysis has been made between CNOSSOS-EU and NMPB-1996, which 

intended to realize what were the main differences in the key elements of the models and how 

significant they are. A computer program in MATLAB that implemented the CNOSSOS-EU, NMPB-

1996 and NMPB-2008 models for road noise was fully implemented in order to obtain comparable 

data, once no software was available (by the start date of the dissertation) that allowed to do 

simulations with the newly developed CNOSSOS-EU model. The developed computer program 

implementing these models constitutes a significant work of this dissertation, since it was necessary to 

fully program those models, both their emission and propagation parts, based on the public 

documents available. This part of the work also implied the development of an increased knowledge in 

MATLAB. The implemented programming code was used to simulate a conceptual base scenario, 

associated parameters variation and for the replication of the considered real scenarios. For these real 

scenarios, acoustic measurements were made with a sound level meter for assessing the validity and 

accuracy of the models developed. In addition, in order to evaluate the validity of the implemented 

models and therefore the conclusions retrieved from their results, a replication of the real scenarios 

was undertaken in the commercial software CADNA A. The percentage differences between the 

software CADNA A and the MATLAB's results are very small, so one can assume that the MATLAB 

developed code yields accurate data, therefore being considered accurate, at least for the cases here 

reported. 

A first analysis of the CNOSSOS-EU model allows concluding that it requires a more detailed 

information in terms of the characterization of the traffic composition because it has more vehicle 

categories than those required by the GdB 1980. In the CNOSSOS-EU model, sound power level 

calculation takes into account the two main components of traffic noise, namely rolling and propulsion 

noise, which did not happen with the power level values found in GdB 1980 abaques. In these 
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abaques, total sound power level is considered instead of being separated in these two components. 

Also, CNOSSOS-EU takes into account the road surface effect that was overlooked in GdB 1980. 

From the emission values for a steady speed flow one can see that for light vehicles tonnage, 

CNOSSOS-EU presents the same values for horizontal and for a downwards gradient while GdB 1980 

presents this characteristic for both, light vehicles tonnage and heavy vehicles tonnage. One can also 

verify that CNOSSOS-EU presents lower values than GdB 1980 and as expected the heavy vehicles 

tonnage emission values are higher than light vehicles tonnage ones. Considering a no gradient case, 

one sees that CNOSSOS-EU values for light vehicles at a 20 km/h speed are lower by 2.6 dB than 

GdB 1980 ones, and that difference is only around 0.7 dB at 50 km/h and returns to increase for 

higher speeds: 1.3 dB at 80 km/h. This difference between both models increases approximately 

between 2 to 3 dB for heavy vehicles, becoming 5.7 dB at 20 km/h and 2.7 dB at 50km/h. Considering 

an upwards gradient one sees that the difference between the two models is decreasing while 

increasing the speed. Also, CNOSSOS-EU values for heavy vehicles and high speeds are 1.7 dB 

higher than GdB 1980 ones. 

Differences between the CNOSSOS-EU heavy vehicles tonnage emission values and the light 

vehicles tonnage emission values are getting smaller as higher is the speed, showing that for higher 

speeds the differences between the emission values for both vehicles types is getting lower. For a no 

gradient case scenario one can see that the difference goes from 14.5 dB (20 km/h) to 6.6 dB (100 

km/h). 

In terms of sound propagation it was identified that the ground effect and that the path difference 

calculation under favourable (downwards) conditions, may constitute possible factors for potential 

differences (besides the different frequency band resolution), but after calculations one verified that 

the resulting path differences between the CNOSSOS-EU model and the NMPB-96 model are only in 

the order of hundredths. In terms of the ground effect, CNOSSOS-EU model uses the Aground,F 

formulation developed for the NMPB-2008 model instead of the one derived from ISO 9613-2 norm, 

used in NMPB 1996, which was developed for industrial noise sources. This new, more coherent, 

formulation is instead based on the Aground,H definition. Additionally, for the normally found diffraction 

cases (barrier height 2m) the consideration of the Ch parameter is irrelevant for the calculation of the 

diffraction attenuation.  

The simulations done for the conceptual base scenario using the base parameters values allowed one 

to retrieve some conclusions like the ones described in what follows. 

For the CNOSSOS-EU model one concludes that an increase of 20% of the motorcycles' weight in the 

light vehicles share does not bring a significant change in the noise levels. However, it is relevant if the 

heavy vehicles are ascribed to the medium or heavy tonnage categories once the obtained sound 

levels are approximately 2 dB higher when defined as category m=3, corresponding to heavy tonnage 

vehicles, than when defined as category m=2, corresponding to medium tonnage vehicles. For 

diffraction scenarios there are not significant differences when considering 3 metres or 4 metres height 

barriers. 
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CNOSSOS-EU predicts always lower values than NMPB-1996, and also than NMPB-2008, for all the 

simulated scenarios no matter the ground absorption factor, and as expected the noise levels are 

lower when the ground absorption is higher. Ground absorption factor has a fixed influence that is 

independent from the other parameters, that is, it changes the sound level but not the overall 

behaviour. For the diffraction scenarios the differences are smaller when increasing the heavy 

vehicles percentage and the insertion loss caused by the barrier presence is higher for       

CNOSSOS-EU. Increasing the ground absorption has more relevance in the NMPB-1996 model and 

this relevance is somewhat amplified by a presence of a barrier, which results in a higher attenuation 

in the noise levels. 

The differences between CNOSSOS-EU and the other models are more pronounced for the diffraction 

cases (~6 dB) than for the non-diffraction cases (~4 dB). The difference between CNOSSOS-EU and 

NMPB-1996 is also approximately the double of the difference between CNOSSOS-EU and NMPB-

2008. 

The main conclusions that can be drawn from the section on parameters variation of the simulated 

scenarios are that the overall behaviours are always similar between the models, although there are 

some significant differences that can be found for particular parameters. 

In the NMPB-1996 model, traffic composition (TC1 vs TC2) is not a discriminating factor when 

calculating the differences in the noise levels between a no barrier scenario and a barrier scenario. 

For the CNOSSOS-EU model there exists a slightly difference although not that relevant because this 

computed difference is only around 0.5 dB. One can also verify that TC2 average levels are always 

2.2 dB higher than for TC1 average levels for NMPB-1996. This difference is almost the same for the 

CNOSSOS-EU model, however for the barrier scenario this model predicts levels for the TC2 case 

that are a little bit higher, reaching a difference of 2.8 dB. 

When comparing the computed NMPB-1996 and CNOSSOS-EU noise levels, one can see that 

CNOSSOS-EU levels are always considerably lower than NMPB-1996 ones (On average 5,3 dB 

lower). The differences vary from 4.5 to 4.9 dB and from 5.0 to 6.8 dB, for the no barrier scenario and 

for the barrier scenario, respectively. In addition it is possible to conclude that without barrier the levels 

are always higher, as expected, being the difference relative to the barrier case, for a specific traffic 

composition, larger for CNOSSOS-EU than for NMPB-1996. (NMPB-1996 - G=0: 15.5 dB; G=1: 16.2 

dB) vs (CNOSSOS-EU - G=0: 17.4/16.9 dB (TC1/TC2); G=1: 17.2/16.7 dB (TC1/TC2)). Therefore, the 

insertion loss of barriers calculated with CNOSSOS-EU model is somewhat higher than that calculated 

with NMPB-1996 model. 

For the CNOSSOS-EU model the biggest difference between G=0 and G=1 predicted noise values 

occur for a no barrier scenario, while for the NMPB-1996 model the opposite is verified. So the 

variation of the ground effect in the presence of a barrier is not as important with CNOSSOS-EU than 

with NMPB-1996 model. 
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In terms of speed variation for a specific traffic composition NMPB-1996 shows a descent behaviour 

unlike CNOSSOS-EU for lower speeds (until 50km/h), besides the emission values of the   

CNOSSOS-EU model being considerably lower than NMPB-1996 ones. This can be explained by the 

fact that at lower speeds the dominant noise component is the propulsion/engine one and since that 

the emission model for NMPB-1996 dates from 1980, this difference in the behaviour can be 

representative of a large improvement on reducing the engine noise emission since these days until 

now. For the heavy vehicles percentage, CNOSSOS-EU presents a behaviour with a smaller and 

more linear variation, which is expected, once CNOSSOS-EU has more types of vehicles than NMPB-

1996. In    CNOSSOS-EU, medium and heavy vehicles, correspond to the heavy ones in NMPB-1996. 

For the distance between the source and the receiver, the evolutions are almost equal in all scenarios, 

showing that the major effects of noise dissipate in the first 200m. Slope influences mostly the 

engine/propulsion noise component and for the considered scenarios this influence is much lower 

when compared with the other parameters. 

For NMPB-1996 there is almost no change of the values along the favourable conditions percentage 

variation once the model does not take into account the improvements made on the favourable 

conditions calculations by the NMPB-2008 model. As expected, the behaviour of NMPB-2008 and 

CNOSSOS-EU is equal since they share a common propagation part.  

Traffic compositions with more heavy tonnage vehicles percentage originate higher noise levels. It is 

also interesting to see that the levels increase slowly in function of speed.  

When comparing both traffic compositions TC1 and TC2 one can see that the behaviour in heavy 

vehicles percentage is not equal, because of the differentiated CNOSSOS-EU definition used for the 

heavy traffic characterization. The TC1 heavy vehicles are composed of 75% medium tonnage and 

25% heavy tonnage, while TC2 heavy vehicles are 100% heavy tonnage so it was expected that the 

TC2 levels increase faster and that the difference to NMPB-1996 would be smaller, as verified. 

When G=0, and for all parameters except the favourable conditions percentage, one concludes that 

the change of traffic composition does not affect their evolution behaviour. This same finding is also 

verified for a specific traffic composition when changing form a barrier to a non-barrier scenario. 

Nevertheless the resulting noise levels are different, being the TC2 ones higher than TC1 ones, and 

the G=0 ones higher than G=1 ones, as seen before. In terms of favourable conditions percentage, 

TC1 noise levels increase faster than TC2 ones. 

The main conclusions that can be retrieved from the experimental evaluation, for which acoustic 

measurements were made at three different locations, are that NMPB-1996 presents better results for 

the cases where diffraction occurs, while CNOSSOS-EU predicts better values when only the ground 

attenuation is taken into account. The differences between computed values to measurements values 

for scenarios with diffraction, are very significant in CNOSSOS-EU model compared to the NMPB-

1996 model which may indicate a limitation of the CNOSSOS-EU model for such scenarios. For the 

scenarios with diffraction the predicted values with CNOSSOS-EU are approximately 4.7 to 5.8 dB 
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lower than the measured levels, while the corresponding NMPB-1996 values are in one case 

approximately 0.9 higher and in another case approximately 0.5 dB higher. 

For the non-diffraction cases the CNOSSOS-EU model predicted values are only approximately 2 dB 

higher than the measured ones, while NMPB-1996 predicts values approximately 6.5 dB higher than 

the measured ones. 

Looking solely at the difference between the NMPB-1996 and CNOSSOS-EU models simulated with 

the MATLAB code, for the scenarios, one can conclude that this difference is on average 5 dB, as 

already stated in chapter 5. 

Since the CNOSSOS-EU propagation model is very similar to the NMPB-2008 one, and seeing the 

NMPB-2008 results for the diffraction cases, it is possible to say that the existent differences are 

mainly resulting from the emission part. 

There are not significant changes in terms of the behaviour and in terms of the levels of the spectra 

(the measured and the calculated ones) when considering the same location. However for different 

locations one can see some differences between the spectra, like the dispersion of 125 Hz values for 

the different models, where the location without barrier presents a wider dispersion range. The 

behaviour of the CNOSSOS-EU model is the closest to the measured behaviour. It is interesting to 

see that CNOSSOS-EU has higher values for low frequencies than the NMPB models. In general the 

levels are lower for high frequencies than for lower frequencies. For frequencies higher than 1000 Hz, 

the levels are in all scenarios lower than the ones measured there. 

Summarizing there is a significant difference between CNOSSOS-EU model and the NMPB-1996 

model results although a similar behaviour for most of the parameters is found. For the lower speeds 

(until 50km/h), CNOSSOS-EU emission part presents values that are more correlated to the vehicle 

fleets existent nowadays. This might indicate that CNOSSOS-EU model yields more correct 

predictions, despite the extra work needed for the traffic characterization since it uses more vehicle 

categories. The presence of a barrier produces, as expected, a reduction on the sound levels in every 

models, but this computed attenuation is higher in CNOSSOS-EU model. 

One conclusion of this dissertation is that the CNOSSOS-EU model shows an improvement towards 

the other existing models but not a considerable one, where the main changes concerned mostly the 

emission part, which results in noise levels on average 5 dB lower than NMPB-1996 ones.  

The results obtained with this new model are thought to be more accurate compared to reality once a 

more detailed traffic characterization is implied and once a more actual and complete knowledge 

about outdoor noise serves as a basis to the developed model. 

However, the value of that assertion is unclear because the CNOSSOS-EU model simulated results 

when compared with the values resulting from the acoustic measurements done (which is not enough 

to portray reality), are sometimes better, but sometimes worse, compared to the existing models, 

depending on the specific case. 
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If CNOSSOS-EU model results are in fact correct, which has not been completely proven in this 

dissertation with the conjunction with the acoustic measures done, then a reassessment to noise 

mitigation actions taken in the recent past should be made, since this lower emission values at source 

will affect the level of demand of those actions to be lower, which will mean significant costs savings. 

These mitigation actions arise from the need to comply with existing legislation regarding the noise 

levels to which humans may be subject in order to protect their quality of life and health. 

CNOSSOS-EU implementation is still essential and it is justified in order for all EU member states to 

be provided with an official common model thus allowing the creation of a comparable database and 

the development of a more structured and consistent European noise policy. 
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8. APPENDIX 

8.I. REAL MEASURES 

Table 37 - Measurements data 

Directory DIR_JOAOTESE 

File 0001.S3B 0003.S3B 0004.S3B 0005.S3B 0006.S3B 

Local 1 2 3 

Hour 10h40 11h45 12h07 12h40 12h51 

Duration 10m17s 10m04s 10m39s 10m05s 10m04s 

Microphone height (m) 1,5 

Barrier height (m) 3.6 - 3,6 

Distance road axle - barrier (m) 15,8 13.5 14,2 

Barrier distance (m) 18,55 - 8,5 

Wall distance (m) 11,55 19 - 

Building distance (m) - 22,7 8,9 

LAeq (dB) 58,6 57,4 57,9 66,4 66,5 

 
Table 38 - Nº vehicles during the measured time 

Lanes number 3+3 4+3 

Light vehicles 929 210 208 1519 1467 

 Medium Heavy vehicles 75 5 12 52 53 

Heavy vehicles 15 2 2 24 22 

Powered two-wheelers 17 0 4 30 27 

a 5 0 2 12 5 

b 12 0 2 18 22 

Vehicles total 1053 217 230 1655 1596 

 

 

Table 39 - Estimated nº of vehicles for an hour, considering that the flux will be always uniform 

CNOSSOS-EU - veh/h 

Light vehicles 5574 1260 1248 9114 8802 

Medium Heavy vehicles 450 30 72 312 318 

Heavy vehicles 90 12 12 144 132 

Powered two-wheelers 102 0 24 180 162 

a 30 0 12 72 30 

b 72 0 12 108 132 

Vehicles total 6216 1302 1356 9750 9414 

 

 

Table 40 - Estimated nº of vehicles for an hour, considering that the flux will be always uniform 

 

 

 

 

 

 

 

 

 

 

NMPB - veh/h 

 
1 3 4 5 6 

Light vehicles 5676 1260 1272 9294 8964 

Heavy vehicles 540 42 84 456 450 

Vehicles total 6216 1302 1356 9750 9414 

% HEAVY 8,7 3,2 6,2 4,7 4,8 
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Table 41 - Speed limits as defined in the Portuguese street code (Artigo 27º Lei n.º 72/2013, de 3 de setembro)
16

 

 

 

 

 

 

 

 

Table 42 - software CADNA A inputs 

 
1 3 4 5 6 

Road length 320 240 280 

Receiver position 85 125 145 

Receiver distance 34,8 32 23,7 

Distance outer lanes 20,5 19 22,5 

Segment Length 10 

Slope (%) 4 0 

Favourable Conditions 200º-260º - 

8.II. SIMULATIONS 

8.II.I. TRAFFIC COMPOSITION 1 

8.II.I.I. G=0 

 No Barrier 

Table 43 - Speed variation 

 

 

 

 

 

Table 44 - % Heavy Vehicles variation 

 

 

 

 

Table 45 - % Favourable conditions variation 

 

 

 

 

 

                                                           
16

 Speed limits for heavy vehicles are a mean value from the values defined for heavy vehicles with and without 

trailer For measure 3 and 4, the speed used were 40 km//h. 

 

 

Speeds 

 
1 3 4 5 6 

Light vehicles 80 50 80 

Medium Heavy vehicles 80 50 80 

Heavy vehicles 75 50 75 

Powered two-wheelers 
     

a 60 40 60 

b 80 50 80 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 73,4 71,9 70,9 70,5 71,1 71,8 73,0 74,1 75,0 

NMPB-2008 63,9 64,3 65,7 67,2 68,5 69,7 70,7 71,7 72,6 

CNOSSOS-EU 62,9 63,0 63,9 65,0 66,3 67,4 68,6 69,6 70,6 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 70,8 71,5 72,0 73,0 74,5 75,6 76,5 77,2 

NMPB-2008 68,2 69,0 69,7 70,7 72,3 73,5 74,4 75,1 

CNOSSOS-EU 67,9 68,1 68,3 68,6 69,2 69,7 70,1 70,5 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 72,4 72,7 73,0 73,3 73,6 

NMPB-2008 68,8 69,8 70,7 71,4 72,0 

CNOSSOS-EU 66,7 67,7 68,6 69,3 69,9 
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Table 46 - Distance SR variation 

 

 

 

 

Table 47 - Gradient variation 

 

 

 

 

 Barrier height - 3 m 

Table 48 - Speed variation 
 

 

 

 

Table 49 - % Heavy Vehicles variation 
 

 

 

 

Table 50 - % Favourable conditions variation 
 

 

 

 

Table 51 - Distance SR variation 
 

 

 

 

Table 52 - Gradient variation 
 

 

 

 

 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 84,2 76,5 73,0 68,7 63,1 56,0 

NMPB-2008 82,4 74,6 70,7 66,1 60,2 53,1 

CNOSSOS-EU 80,4 72,6 68,6 63,7 57,5 49,8 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 73,0 73,0 73,0 73,0 73,0 73,0 73,0 

NMPB-2008 71,4 71,1 70,7 70,7 70,7 70,9 71,4 

CNOSSOS-EU 68,9 68,6 68,6 68,6 68,8 69,2 69,7 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 57,7 56,2 55,2 54,8 55,5 56,2 57,4 58,4 59,4 

NMPB-2008 47,3 47,8 49,2 50,6 51,9 53,1 54,2 55,2 56,0 

CNOSSOS-EU 46,3 46,2 46,9 47,8 48,9 49,9 50,9 51,9 52,8 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 55,1 55,8 56,4 57,4 58,9 60,0 60,9 61,6 

NMPB-2008 51,7 52,5 53,1 54,2 55,8 56,9 57,8 58,6 

CNOSSOS-EU 49,9 50,2 50,4 50,9 51,7 52,4 53,0 53,5 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 57,2 57,3 57,4 57,4 57,5 

NMPB-2008 53,9 54,1 54,2 54,4 54,5 

CNOSSOS-EU 50,6 50,8 50,9 51,0 51,1 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 70,3 61,6 57,4 52,8 47,5 41,1 

NMPB-2008 67,7 58,6 54,2 49,1 43,2 36,3 

CNOSSOS-EU 64,7 55,4 50,9 45,7 39,5 32,1 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 57,4 57,4 57,4 57,4 57,4 57,4 57,4 

NMPB-2008 54,8 54,6 54,2 54,2 54,2 54,4 54,8 

CNOSSOS-EU 51,3 50,9 50,9 50,9 51,2 51,7 52,3 
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Table 53 - Barrier height variation 

 

 

 

 

8.II.I.II. G=1 

 No Barrier 

Table 54 - Speed variation 

 

 

 

 

Table 55 - % Heavy Vehicles variation 

 

 

 

 

 

Table 56 - % Favourable conditions variation 

 

 

 

 

 

Table 57 - Distance SR variation 

 

 

 

 

Table 58 - Gradient variation 

 

 

 

 

 Barrier height - 3 m 

Table 59 - Speed variation 

 

 

 

 

 

Sound Pressure Level - dB(A) 

Barrier height 0 1 2 2,6 3 3,6 4 4,6 5 

NMPB-1996 73,0 69,4 66,5 60,8 58,6 57,4 55,9 55,1 54,0 

NMPB-2008 70,7 67,9 63,4 57,7 55,3 54,2 52,8 52,1 51,1 

CNOSSOS-EU 68,6 65,1 60,2 54,4 52,0 50,9 49,6 48,8 47,9 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 70,1 68,5 67,5 67,2 67,8 68,5 69,7 70,8 71,7 

NMPB-2008 61,0 61,4 62,8 64,3 65,6 66,7 67,8 68,8 69,7 

CNOSSOS-EU 60,0 60,1 61,0 62,1 63,4 64,5 65,7 66,7 67,7 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 67,4 68,1 68,7 69,7 71,2 72,3 73,2 73,9 

NMPB-2008 65,3 66,1 66,8 67,8 69,4 70,6 71,5 72,2 

CNOSSOS-EU 65,0 65,2 65,3 65,7 66,2 66,8 67,2 67,6 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 65,3 68,0 69,7 70,8 71,8 

NMPB-2008 64,7 66,5 67,8 68,8 69,6 

CNOSSOS-EU 56,7 63,2 65,7 67,3 68,5 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 82,5 73,9 69,7 64,9 58,8 51,4 

NMPB-2008 81,0 71,9 67,8 63,1 57,2 50,1 

CNOSSOS-EU 79,1 69,8 65,7 60,8 54,6 46,8 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 69,7 69,7 69,7 69,7 69,7 69,7 69,7 

NMPB-2008 68,5 68,2 67,8 67,8 67,8 68,0 68,5 

CNOSSOS-EU 66,0 65,7 65,7 65,7 65,9 66,3 66,7 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 53,7 52,2 51,2 50,8 51,4 52,2 53,3 54,4 55,3 

NMPB-2008 44,4 44,9 46,3 47,7 49,0 50,2 51,3 52,3 53,2 

CNOSSOS-EU 43,4 43,3 44,0 44,9 46,0 47,0 48,0 49,0 49,9 
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Table 60 - % Heavy Vehicles variation 

 

 

 

 

 

Table 61 - % Favourable conditions variation 

 

 

 

 

 

Table 62 - Distance SR variation 

 

 

 

 

Table 63 - Gradient variation 

 

 

 

 

 

Table 64 - Barrier height variation 

 

 

 

 

8.II.II. TRAFFIC COMPOSITION 2 

8.II.II.I. G=0 

 No Barrier 

Table 65 - Speed variation 

 

 

 

 

 

Table 66 - % Heavy Vehicles variation 

 

 

 

 

 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 51,1 51,8 52,4 53,3 54,8 55,9 56,8 57,6 

NMPB-2008 48,8 49,6 50,2 51,3 52,9 54,0 55,0 55,7 

CNOSSOS-EU 47,0 47,3 47,6 48,0 48,8 49,5 50,1 50,6 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 53,7 53,5 53,3 53,1 52,8 

NMPB-2008 50,8 51,1 51,3 51,6 51,8 

CNOSSOS-EU 47,8 47,9 48,0 48,1 48,1 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 67,6 57,9 53,3 48,2 42,1 35,1 

NMPB-2008 65,6 55,8 51,3 46,2 40,2 33,3 

CNOSSOS-EU 62,7 52,6 48,0 42,8 36,5 29,1 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 53,3 53,3 53,3 53,3 53,3 53,3 53,3 

NMPB-2008 51,9 51,7 51,3 51,3 51,3 51,5 51,9 

CNOSSOS-EU 48,4 48,0 48,0 48,0 48,4 48,8 49,4 

Sound Pressure Level - dB(A) 

Barrier height 0 1 2 2,6 3 3,6 4 4,6 5 

NMPB-1996 69,7 64,3 61,9 56,6 54,5 53,3 51,9 51,1 50,1 

NMPB-2008 67,8 64,2 59,8 54,5 52,4 51,3 49,9 49,2 48,2 

CNOSSOS-EU 65,7 61,4 56,7 51,2 49,1 48,0 46,7 46,0 45,1 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 77,7 76,0 74,8 74,0 74,1 74,5 75,6 76,6 77,6 

NMPB-2008 67,2 67,4 68,6 69,9 71,2 72,4 73,5 74,4 75,3 

CNOSSOS-EU 67,9 67,4 67,6 68,2 69,0 69,9 70,8 71,7 72,5 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 70,8 71,5 72,0 73,0 74,5 75,6 76,5 77,2 

NMPB-2008 68,2 69,0 69,7 70,7 72,3 73,5 74,4 75,1 

CNOSSOS-EU 68,0 68,4 68,6 69,2 70,1 70,8 71,4 72,0 
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Table 67 - % Favourable conditions variation 

 

 

 

 

Table 68 - Distance SR variation 

 

 

 

 

Table 69 - Gradient variation 

 

 

 

 

 Barrier height - 3 m 

Table 70 - Speed variation 

 

 

 

 

 

Table 71 - % Heavy Vehicles variation 

 

 

 

 

Table 72 - % Favourable conditions variation 

 

 

 

 

Table 73 - Distance SR variation 

 

 

 

 

 

 

 

 

 

 

 

 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 74,9 75,3 75,6 75,9 76,2 

NMPB-2008 71,7 72,7 73,5 74,2 74,8 

CNOSSOS-EU 68,9 69,9 70,8 71,5 72,1 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 86,8 79,1 75,6 71,3 65,7 58,6 

NMPB-2008 85,1 77,3 73,5 68,8 63,0 55,8 

CNOSSOS-EU 82,6 74,8 70,8 66,0 59,9 52,4 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 75,6 75,6 75,6 75,6 75,6 75,6 75,6 

NMPB-2008 74,4 74,0 73,5 73,5 73,5 73,8 74,4 

CNOSSOS-EU 71,8 70,8 70,8 70,8 71,5 72,4 73,5 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 62,0 60,3 59,1 58,3 58,5 58,8 60,0 61,0 61,9 

NMPB-2008 50,6 50,9 52,1 53,4 54,7 55,8 56,9 57,9 58,8 

CNOSSOS-EU 51,8 51,2 51,3 51,7 52,3 53,0 53,8 54,5 55,3 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 55,1 55,8 56,4 57,4 58,9 60,0 60,9 61,6 

NMPB-2008 51,7 52,5 53,1 54,2 55,8 56,9 57,8 58,6 

CNOSSOS-EU 50,0 50,5 50,9 51,6 52,8 53,8 54,6 55,2 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 59,9 60,0 60,0 60,1 60,2 

NMPB-2008 56,6 56,8 56,9 57,1 57,2 

CNOSSOS-EU 53,6 53,7 53,8 54,0 54,1 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 72,9 64,2 60,0 55,4 50,1 43,7 

NMPB-2008 70,4 61,3 56,9 51,9 45,9 39,0 

CNOSSOS-EU 67,4 58,2 53,8 48,6 42,6 35,4 



102 
 

Table 74 - Gradient variation 

 

 

 

 

 

Table 75 - Barrier height variation 

 

 

 

8.II.II.II. G=1 

 No Barrier 

Table 76 - Speed variation 

 

 

 

 

 

Table 77 - % Heavy Vehicles variation 

 

 

 

 

Table 78 - % Favourable conditions variation 

 

 

 

 

Table 79 - Distance SR variation 

 

 

 

 

Table 80 - Gradient variation 

 

 

 

 

 

 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 60,0 60,0 60,0 60,0 60,0 60,0 60,0 

NMPB-2008 57,9 57,5 56,9 56,9 56,9 57,2 57,9 

CNOSSOS-EU 55,0 53,8 53,8 53,8 54,6 55,7 57,0 

Sound Pressure Level - dB(A) 

Barrier height 0 1 2 2,6 3 3,6 4 4,6 5 

NMPB-1996 75,6 72,0 69,1 63,4 61,2 60,0 58,5 57,6 56,6 

NMPB-2008 73,5 70,7 66,1 60,4 58,0 56,9 55,6 54,8 53,8 

CNOSSOS-EU 70,8 67,6 63,0 57,2 54,9 53,8 52,4 51,7 50,7 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 74,4 72,7 71,5 70,7 70,8 71,2 72,3 73,3 74,2 

NMPB-2008 64,3 64,5 65,7 67,0 68,3 69,5 70,6 71,5 72,4 

CNOSSOS-EU 65,0 64,5 64,7 65,3 66,1 67,0 67,9 68,8 69,6 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 67,4 68,1 68,7 69,7 71,2 72,3 73,2 73,9 

NMPB-2008 65,3 66,1 66,8 67,8 69,4 70,6 71,5 72,2 

CNOSSOS-EU 65,1 65,4 65,7 66,3 67,1 67,9 68,5 69,1 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 68,0 70,7 72,3 73,5 74,5 

NMPB-2008 67,5 69,3 70,6 71,6 72,4 

CNOSSOS-EU 60,1 65,6 67,9 69,4 70,5 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 85,1 76,5 72,3 67,5 61,4 54,0 

NMPB-2008 83,8 74,6 70,6 65,8 60,0 52,8 

CNOSSOS-EU 81,3 72,0 67,9 63,0 57,0 49,4 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 72,3 72,3 72,3 72,3 72,3 72,3 72,3 

NMPB-2008 71,5 71,1 70,6 70,6 70,6 70,9 71,5 

CNOSSOS-EU 68,9 67,9 67,9 67,9 68,6 69,5 70,6 
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 Barrier height - 3 m 

Table 81 - Speed variation 

 

 

 

 

Table 82 - % Heavy Vehicles variation 

 

 

 

 

Table 83 - % Favourable conditions variation 

 

 

 

 

Table 84 - Distance SR variation 

 

 

 

 

Table 85 - Gradient variation 

 

 

 

 

 

Table 86 - Barrier height variation 

 

 

 

 

 

 

 

 

 

 

Sound Pressure Level - dB(A) 

Speed 20 30 40 50 60 70 80 90 100 

NMPB-1996 58,0 56,3 55,1 54,3 54,5 54,8 55,9 57,0 57,9 

NMPB-2008 47,8 48,0 49,2 50,5 51,8 53,0 54,0 55,0 55,9 

CNOSSOS-EU 48,9 48,3 48,4 48,8 49,4 50,2 50,9 51,7 52,4 

Sound Pressure Level - dB(A) 

% Heavy 0 2,5 5 10 20 30 40 50 

NMPB-1996 51,1 51,8 52,4 53,3 54,8 55,9 56,8 57,6 

NMPB-2008 48,8 49,6 50,2 51,3 52,9 54,0 55,0 55,7 

CNOSSOS-EU 47,1 47,6 48,0 48,8 50,0 50,9 51,7 52,3 

Sound Pressure Level - dB(A) 

% Favourable 0 25 50 75 100 

NMPB-1996 56,3 56,1 55,9 55,6 55,4 

NMPB-2008 53,5 53,8 54,0 54,3 54,5 

CNOSSOS-EU 50,7 50,8 50,9 51,0 51,1 

Sound Pressure Level - dB(A) 

Distance 10 50 100 200 500 800 

NMPB-1996 70,2 60,5 55,9 50,8 44,7 37,7 

NMPB-2008 68,3 58,5 54,0 48,9 43,0 36,0 

CNOSSOS-EU 65,4 55,5 50,9 45,7 39,6 32,4 

Sound Pressure Level - dB(A) 

% Gradient -6 -4 -2 0 2 4 6 

NMPB-1996 55,9 55,9 55,9 55,9 55,9 55,9 55,9 

NMPB-2008 55,0 54,6 54,0 54,0 54,0 54,3 55,0 

CNOSSOS-EU 52,1 50,9 50,9 50,9 51,7 52,8 54,1 

Sound Pressure Level - dB(A) 

Barrier height 0 1 2 2,6 3 3,6 4 4,6 5 

NMPB-1996 72,3 66,9 64,5 59,2 57,1 55,9 54,5 53,7 52,7 

NMPB-2008 70,6 66,9 62,5 57,2 55,1 54,0 52,7 51,9 50,9 

CNOSSOS-EU 67,9 63,9 59,4 54,1 52,0 50,9 49,5 48,8 47,9 
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8.III. TABLE OF COEFFICIENTS FOR SOUND POWER EMISSION OF ROAD 
VEHICLES 

Table 87 - Coefficients for category m=1 vehicles (Table III.A.1.) 

 

 

 

 

 

 

 

 

Table 88 - Coefficients for category m=2 vehicles (Table III.A.2.) 

 

 

 

 

 

 

 

 

Table 89 - Coefficients for category m=3 vehicles (Table III.A.3.) 

 

 

 

 

 

 

 

Table 90 - Coefficients for category m=4a vehicles (Table III.A.4.) 

 

 

 

 

 

 

 

 

Table 91 - Coefficients for category m=4b vehicles (Table III.A.5.) 

 

 

 

 

 

Octave band centre frequency (Hz) AR BR AP BP a b 

63 79.7 30.0 94.5 -1.3 0.0 0.0 

125 85.7 41.5 89.2 7.2 0.0 0.0 

250 84.5 28.9 88 7.7 0.0 0.0 

500 90.2 25.7 85.9 8.0 2.6 -3.1 

1000 97.3 32.5 84.2 8.0 2.9 -6.4 

2000 93.9 37.2 86.9 8.0 1.5 -14 

4000 84.1 39.0 83.3 8.0 2.3 -22.4 

8000 74.3 40.0 76.1 8.0 9.2 -11.4 

Octave band centre frequency (Hz) AR BR AP BP 

63 84.0 30.0 101.0 -1.9 

125 88.7 35.8 96.5 4.7 

250 91.5 32.6 96.8 6.4 

500 96.7 23.8 96.8 6.5 

1000 97.4 30.1 98.6 6.5 

2000 90.9 36.2 95.2 6.5 

4000 83.8 38.3 88.8 6.5 

8000 80.5 40.1 82.7 6.5 

Octave band centre frequency (Hz) AR BR AP BP 

63 87.0 30.0 104.4 0.0 

125 91.7 33.5 100.6 3.0 

250 94.1 31.3 101.7 4.6 

500 100.7 25.4 101.0 5.0 

1000 100.8 31.8 100.1 5.0 

2000 94.3 37.1 95.9 5.0 

4000 87.1 38.6 91.3 5.0 

8000 82.5 40.6 85.3 5.0 

Octave band centre frequency (Hz) AR BR AP BP 

63 0.0 0.0 88.0 4.2 

125 0.0 0.0 87.5 7.4 

250 0.0 0.0 89.5 9.8 

500 0.0 0.0 93.7 11.6 

1000 0.0 0.0 96.6 15.7 

2000 0.0 0.0 98.8 18.9 

4000 0.0 0.0 93.9 20.3 

8000 0.0 0.0 88.7 20.6 

Octave band centre frequency (Hz) AR BR AP BP 

63 0.0 0.0 95.0 3.2 

125 0.0 0.0 97.2 5.9 

250 0.0 0.0 92.7 11.9 

500 0.0 0.0 92.9 11.6 

1000 0.0 0.0 94.7 11.5 

2000 0.0 0.0 93.2 12.6 

4000 0.0 0.0 90.1 11.1 

8000 0.0 0.0 86.5 12.0 
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8.IV. SOFTWARE CADNA A SIMULATIONS 
Table 92 - MATLAB vs CADNA A

17
  

 

 

 

 

 

 

 

 

 

Allows verifying that the results from the MATLAB implementation are similar to the ones resulting from software 

CADNA A simulations, so one can conclude of the validity of the results provided by the MATLAB code. 

                                                           
17

                                                          

Location 1 2 3 

Measure 1 3 4 5 6 

Sound Pressure Level - dB(A) 

NMPB-1996 

software CADNA A 59.9 62.0 63.8 66.6 66.5 

MATLAB 59.5 63.2 64.9 66.2 66.1 

% error 0.7 1.9 1.8 0.6 0.6 

CNOSSOS-EU 

software CADNA A 54.1 59.2 59.9 59.7 59.5 

MATLAB 53.9 58.9 59.7 60.9 60.7 

% error 0.3 0.5 0.4 2.0 2.0 

NMPB-2008 

software CADNA A 58.1 60.3 61.2 64.9 64.8 

MATLAB 56.8 59.9 60.9 63.4 63.3 

% error 2.2 0.6 0.5 2.3 2.3 


