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In light of the growing concern about the adverse effects of noise pollution on health, a better
understanding is needed of the relationships between urban transport and individual exposure. To
improve the scientific community’s modelling capabilities specific to this issue, we are proposing
a noise exposure modelling framework that uses agent-based activity, multi-agent travel simu-
lation and a European standardized noise emission and propagation model. Based on two open
source software packages, MATSim and NoiseModelling, this framework aims to simulate the
spatiotemporal distributions of daily individual activity and road traffic noise. As such, it enables
both characterizing the individual exposure to road traffic-related noise and investigating noise
exposure inequality problems based on the attributes of individuals and their activities.
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1. Introduction

Awareness of the climate agenda and the need to limit transport-related energy consumption are
driving the development of new urban transport policies. Noise is then an environmental externality
of transport to be considered in the same way as environmental pollution or greenhouse gas emissions.
Indeed, the significant health impacts from noise are universally acknowledged, with road traffic being
rated as the primary contribution. Quantifying and reducing noise pollution exposure is a crucial
issue for cities in terms of health, quality of life and attractiveness. In order to move towards cities
in which all socioeconomic groups benefit from a quieter environment, it is necessary to improve
understanding of the complex interactions taking place between transport policies and impacts in
terms of distribution of noise exposure among the population.

From a decision-making perspective, traffic models are needed to assess the impact of mobility
management policies on noise exposure. Microscopic traffic models have been used to compare the
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noise impact of roundabouts and traffic signal intersections [1-2], to test speed reduction measures or 
green wave implementations [3]. In order to refine noise exposure calculations and assess the impact 
of transport policies on exposure, the development of efficient city-scale modelling chains, including 
a traffic module and an acoustic module, has thus become a key issue for the scientific community. 
As for now, Houot et al. coupled the MobiSim model with the MITHRA-GIS noise mapping software 
on a case study in Besançon (France) [4]. Kaddoura et al. proposed a coupling between MATSim and 
the RLS90 acoustic model [5]. Cucurachi et al. also relied on MATSim to evaluate the contribution 
of road transportation to the total noise footprint of land-based mobility [6]. All these studies have 
shown the value of using multi-agent modelling to analyse acoustic impacts. The aim is for this 
community to grasp the potential of multi-agent traffic modelling in order to rise new research 
questions on acoustic modelling, on associations with annoyance, or on the estimation of specific 
acoustic indicators.  

In this paper, we propose an open source modelling framework that enables both characterizing 
the individual exposure to road traffic-related noise and investigating noise exposure inequality 
problems. The proposed modeling framework could: (i) be integrated within multi-dimensional 
environmental assessments, (ii) be mimicked for assessing the impacts of other road traffic 
externalities. A module for reading and integrating MATSim outputs has recently been integrated 
into the NoiseModelling noise prediction tool [7]. This paper extends this first publication and 
presents the open possibilities of the approach. Section 2 presents the resulting modelling chain. The 
potential of a modelling chain for use in exposure calculations and associated analyses is illustrated 
in Section 3 through examples from a case study in Nantes (France). Section 4 discusses the further 
developments and its interest for multi-dimensional traffic externalities assessment.  

2. Methods 

2.1 Modelling framework 

The modelling framework is presented in details in [7]. The reader can refer to this paper for 
further details. In short, it consists of a coupling between the Multi-Agent Transport Simulation 
MATSim, and the noise modelling software NoiseModelling.  

MATSim is described in [8]. In this model, agents are described by their daily schedules. For 
instance, an agent may wish to stay at home, then go to work at 9.00, go to leisure activity at 18.00 
and go back home at 20.00. All agents seek to maximize their travel score while sharing the traffic 
network and its capacities with other agents. The model outputs the resulting daily schedules of all 
agents, and a list of traffic events. The mobility simulator is responsible for modelling the traffic 
interaction on the network, and is based on a FIFO (First In, First Out) queue model. The modelling 
is less accurate, but with a faster resolution, than the microscopic traffic models. In order to prepare 
the MATSim simulation inputs, and more importantly a simplified microscopic representation of the 
actual population, the Eqasim project, as developed by Hörl and Balac is used [9]. 

The noise modelling component of the modelling chain consists of NoiseModelling, which is a 
free and open source software developed primarily by the DECIDE team of the Lab-STICC (CNRS) 
and the Joint Research Unit in Environmental Acoustics UMRAE (Gustave Eiffel University) [10-
11]. The noise calculation method implemented within NoiseModelling is based on the standard 
European method CNOSSOS, which serves as a reference method to use for the Directive 2015/996 
relative to environmental noise assessment and management (Commission Directive, 2015). The 
calculation is split into three modules, namely: (i) a noise emission calculation module that estimates 
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the sound power level based on input data, such as the mean flow rates and mean speeds per road 
segment, (ii) a path-finding algorithm that searches the paths between sources and receivers, (iii) a 
calculation of attenuation value along each of the propagation paths for a selected range of octave 
bands, using the CNOSSOS-EU model. The sound level at a receiver is the sum of the contributions 
of all sources; its output consists of a grid of receivers with an attributed sound level value computed 
in dB. 

2.2 Coupling 

2.2.1 Generalities 

The Eqasim project uses these inputs in order to generate a synthetic population, directly usable 
in the MATSim multi-agent traffic simulation. More in details, Eqasim generates a traffic network 
for the various transport modes such as car, train, bus, bike, etc., generates a list of agents, with 
characteristics such as age, gender, driver’s license or household income, generates a list of a 
geographically placed activities (or facilities), and generates a schedule, i.e. the sequence of activities 
that they will try to follow during the day, for every agent. 

These inputs are then used to run a MATSim traffic simulation. The MATSim simulation result 
is a list of events representing, among other things, vehicle movements. The elements in this list of 
benefit for noise calculations (time, position, vehicle, speed, etc.) are then extracted and used as noise 
sources in the noise modelling software. Buildings are directly imported from the OSM database. 
Noise receivers are determined from the agent's activity positions. The noise levels at the receiver 
positions can then be calculated. In knowing the time and position of every agent, their noise exposure 
at any given time and throughout the simulated day can also be calculated. In the work presented 
herein, the three following time discretization periods were implemented and can be chosen at runtime 
by the user: (i) day, evening, night; (ii) every hour; and (iii) every 15 minutes. 

2.2.2 Noise calculation 

For each road segment, each vehicle type and each time period, the number of vehicles passing 
and their speed are stored. The average speed is then calculated and the NoiseModelling libraries are 
used to calculate a sound power level per meter for every road segment and every time period. Agents' 
activities are imported into NoiseModelling in order to directly place receivers at the activities 
position, which in turn makes it possible to calculate noise levels at the different positions that agents 
can occupy during the simulated day. 

Noisemodelling libraries are used to calculate a noise map from a MATSim simulation output at 
the desired time slots. 

2.2.3 Integration of the coupling 

Such a coupling was performed between MATSim version 11.0 and NoiseModelling version 3.3. 
Since both MATSim and NoiseModelling are written in Java programming language, this coupling 
was accomplished using this same language. The coupling code was released in version 3.3.2 of 
NoiseModelling, along with a specific tutorial 
(https://noisemodelling.readthedocs.io/en/latest/Matsim_Tutorial.html) and can be found on the 
project Gihub repository: https://github.com/Ifsttar/NoiseModelling. 

 

https://github.com/Ifsttar/NoiseModelling
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3. Case study 

3.1 Description of the study area 

The study area is the agglomeration of Nantes, which contains more than 520 000 inhabitants, 
and a surface area of 317.5 km² (see Figure 1). 

 

Fig. 1: The municipalities chosen for the Nantes case study, and their IRIS blocs1 

 

Figure 2 illustrates the simulated vehicles resulting from the MATSim simulation, around the city 
center, at 9:00 am of the simulated day. The figure highlights areas of traffic slowdown within the 
area, particularly around certain intersections, due to high travel demand during this time slot. From 
this point forward, the previously presented framework is used to obtain noise levels every 15 minutes 
at each agent activities position. Hence each of the 96 computed noise maps corresponds to a 15-
minute period during the simulated day.  

 

 

Fig. 2: Nantes area vehicles colored according to their speed (red: fast, blue: slow) 

 

Figure 3 illustrates a noise map obtained at 9 a.m. This figure classically indicates the high noise 
levels along the main roads, especially the ring road. The originality of this approach lies in 

                                                 
1  IRIS is the fundamental unit for dissemination of infra-municipal data. 

 



Resource Efficient Vehicles Conference – rev2021 

  
  
  

considering the agents' position over the pertinent time slot, for purposes of both calculating noise 
levels and determining agents' exposure. This approach makes it possible to: (i) calculate the temporal 
evolution of noise levels throughout the day; and (ii) refine the calculation of agent exposure, by 
means of overlapping the dynamic noise map and the agents' position.  

 

Figure 3: Noise levels, at agent activities positions, between 9 am and 9:15 am 

  

From an agent's perspective, in moving from activity to activity throughout the daily plan, a noise 
level can be assigned every 15 minutes. The dose level plotted represents the cumulative noise 
exposure level of the agent-based or home-based activity. This value can only increase and its final 
value, at the end of the day, equals the equivalent noise level over the course of this same day. The 
agent depicted in Figure 4 has a worker-type activity plan: at home until 5:30 am, at work until 9 pm, 
and then back home again after 9 pm. The two curves Agent_LAeq and Home_LAeq are 
superimposed until 5:30 am since the agent is at home. Afterwards, the two curves diverge, with the 
agent being exposed to higher noise levels at the workplace than what would have been received had 
the agent stayed home. This curve shape is typical of an agent who lives outside the city center where 
noise levels are low, while working at a location with high noise pollution. The agent-based noise 
exposure calculation indicates that this agent is exposed to approx. 73dB(A) daily, whereas a standard 
noise map would only consider the home exposure of 40dB(A). 

 
Figure 4: Evolution in exposure of a “student” agent during the day 
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4. Discussion 

We are proposing a multi-agent noise modelling framework that relies on open source tools and 
data. The modelling framework presented comprises two distinct modelling systems: a multi-agent 
traffic simulation component, MATSim, and a noise modelling component, NoiseModelling. The 
application of this framework to a case study has illustrated its relevance when considering an 
assessment of the dynamic exposure of individuals to road traffic noise, as compared to classical 
noise exposure assessments, which assign inhabitants at their location of residence. 

Further research is required to: 

- Include the proposed modelling framework within multi-dimensional environmental 
assessments, including vehicle energy consumption and airborne pollutant emissions, so as to 
test transport policies such as the introduction of an urban toll, the spreading of demand, or 
the implementation of low emission zones, on all these dimensions; 

- Propose indicators for the assessment of the noise environmental cost of transport policies 
indicators in view of the assessment of transport policies, as initiated in [12]. The indicators 
should address the different environmental dimensions (noise and air pollution) through 
separate or mixed indicators. Indicators should reflect both the long-term health impacts such 
as indicators based on Disability Adjusted Life Years estimates, and the short-term effects 
linked to the dynamics of exposure. Finally, particular attention should be paid to the issue of 
social and territorial equality in the proposal of indicators. 
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