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Great Nantes multi-source (road, rail, aircraft and industrial) noise map 
expressed by Lden.

[Nantes Métropole, 2023]

Environmental Noise 
Directive:

Common Noise 
Assessment Methods
(CNOSSOS-EU)

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion
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No. of individuals exposed beyond limit value by noise source.

Plan de Prévention du Bruit dans 
l’Environnement (Nantes Métropole, 2024 )

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Noise level thresholds  
[dB(A)]:

Road: 68 dB(A)
Railway: 73 dB(A)
Aircraft: 55 dB(A)
Industrial: 71 dB(A)



1. Static and residential exposure: it assumes people remain at home all day, 
without accounting for everyday mobility;

2. Averaged long-term exposure: it estimates exposure using long-term noise 
levels, masking short-term fluctuations;

3. Homogeneous population: the assessment of the socio-economic groups the 
most affected by noise is not promoted.
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Limits of exposure assessment in Europe

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion



Exposure as process:

Two spatio-temporal layers are needed:

1. The daily trajectory of individuals;

2. The daily evolution of environmental 
conditions.
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Everyday mobility in exposure assessment:

Mobility- and residential-based individual 
environmental exposure 

[Cai and Kwan 2024]

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion



Critical noise 
exposure areas

Population access to 
quiet areas

Everyday mobility into 
exposure assessment

Negative effects 

on health
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Positive effects 

on health

L.G. Luquezi al. 2025 L.G. Luquezi al. 2025

V Le Bescond, 2021

L.G. Luquezi al. 2024
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Positive effects 

on health



Methods

8

Agent-based transport models:

Individual-traveler who attempts to perform his daily activities

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Synthetic population Activity plan

Households Agents Activity plans

eqasim.org

http://eqasim.org
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Agent-based transport simulation Dynamic noise maps

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Road traffic noise: LAeq,15-minModes: car, public transport, bike, walk
Activities: home, work, education, shop, 
leisure, others.
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Exposure profile to road noise for one simulated agent 

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion
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Positive effects 

on health



Assessing critical exposure areas
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Noise map and number of agents in facilities exposed to critical 
noise levels (LAeq,15min >= 65 ) between 12:00 and 12:15  

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

a)  Definition of critical exposure:

Selected indicator:

LAeq,15 min >= 65 dB(A)

b)  Definition of critical areas:

Selected indicator:

Occurrence of critical exposure in a 
15-minute interval.

L.G. Luquezi al. 2025

Kloth et al. 2009, Hankach et al. 2024



Lyon Metropolitan Area application
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Model area: 

Lyon Metropolitan Area.

Population:

1.4 million inhabitants.

Synthetic population:

100% sampling rate.

Study area: 

Lyon and Villeurbanne.

Period:

06h00  to 22h00

Model area, study area, and zoning grid of the agent-based framework 
of Lyon Metropolitan Area.

Homogeneous-grid: cell 200x200 meters

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion



Temporal distribution of critical exposure occurrences by 
activity
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Number of agents critically exposed to road noise (LAeq,15min >= 65dB(A))  by activity in the study area  

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion
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Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Spatial distribution of critical exposures

Critical exposure areas between 06:00 and 22:00 segmented by activities

Totals : 4.55 M Totals : 2.23 M

L.G. Luquezi al. 2025



Critical exposures of young agents
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Critical exposure areas for agents with an age range of 0–15 years between 06:00 and 22:00 segmented by 
activity 

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Totals : 0.52 M Totals : 0.61 M
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Positive effects 

on health



Metrics for quiet areas 
accessibility
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a) Eligible spaces : green spaces

b) Definition of quiet area:

Selected indicator :

● LAeq,15-min <= 50 dB(A)
● Minimum size of 100 m² 

c) Definition of accessibility:

Selected indicator:

● 'Within 5 minutes walk' 

Service areas of green space and its quiet 
areas for a 5-minute walk at 4.5 km/h 

Peris 2020, Martinuzzi et al. 2020 L.G. Luquezi al. 2025

12h00 - 12h15

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Python OSMnx



Lyon Metropolitan Area application
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Model area: 

Lyon Metropolitan Area.

Population:

1.4 million inhabitants.

Synthetic population:

100% sampling rate.

Study area: 

Lyon and Villeurbanne.

Period:

12h00 to 14h00 (lunch break)

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Open and green spaces and pedestrian network of the study area of Lyon 



Spatialization of accessibility
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Temporal average of the no. of agents with access to a quiet area or to a green space between 12:00 - 14:00

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

30 % of moving agents 
with access

80 % of moving agents
with access



Quiet areas with high accessibility  
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Green spaces ordered by temporal average of the number of agents with access to their 
current quiet areas between 12:00 and 14:00.

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion



Cross-analysis: environmental impact and 
opportunities.
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Temporal average between 12:00 and 14:00 of the number of agents 
critically exposed without access to at least one quiet area

Average: 100,000 M

L.G. Luquezi al. 2025



Overall discussion
Future improvements for agent-based exposure models 
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Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion



1 / 3) Contextual impacts assessment:
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Standard exposure-response functions:

Long-exposure dose at home to annoyance.

Contextual exposure-response function:

Functions that take into account different 
times of the day, activity contexts, and 
individual characteristics (e.g. noise 
sensitivity).

Relation between day-evening-night noise level 
and percentage of individuals Highly Annoyed.

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

(Guski et al. 2017; Miedema and Oudshoorn 2001)



2 / 3) Contribution of 
microscopic traffic models:
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Energy based indicators:

LAeq,T : Several minutes resolution

Detailed temporal acoustic content:

Detailed simulation of the traffic 
behavior, which means detailed noise 
dynamics: 

● Number of noise peaks
● Intermittency ratio

Car-following (AIMSUN / MATSim)

Vehicle lane insertion (AIMSUN / MATSim)

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion

Wunderli et al. 2016, A. Can et al. 2016



3 / 3) Population vulnerability in noise assessment

26

What are the determinants of noise exposure vulnerability?

● Health attributes of the population (e.g. sensitivity to noise) ?

● Precise location of the dwelling (e.g. bedroom at quiet façade) ? 

● The acoustic insulation of facilities ?

Improvement pathways to elaborate noise action plans targeting the most 
exposed, sensitive, and vulnerable groups.

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion



Conclusion
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Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion



Agent-based exposure models:
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Integration of everyday mobility in noise exposure assessment:

1. Assessment of noise impacts;
2. Assessment of environmental opportunities;

Spatial, temporal and social enhancements of exposure assessment.

Challenges around modeling exposure at the individual scale.

Exposure science in progress…

Introduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion
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Agent-based exposure framework
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Le Bescond et al. 2021; Nygren et al. 2024; Hankach et al. 2024.

eqasim.org

matsim.org

noisemodelling.readthedocs.io/en/latest/Matsim_Tutorial.html



Transport demand modeling
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Statistical matching:

Matching between census survey and 
household travel survey 

Activities: 

Home, study, work, leisure, shop, others

General setup of the synthesis pipeline

(Hörl and Balac 2021b)



Data used: Full Open data
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Table: Input data of the agent-based exposure model of Lyon Metropolitan Area



Acoustic model:
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Table: Parameters of the acoustic model of the Lyon Metropolitan Area framework.



Summary of ABM characteristics:
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Table: Attributes and features of the current state of agent-based exposure models for 
environmental noise assessment


