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

Road noise

6100 40,4%

Aircraft noise 8800
58,3%
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Noise level thresholds
[dB(A)]:

Road: 68 dB(A)
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Industrial: 71 dB(A)
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LImMIts of exposure assessment in BEurope

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;

5. Homogeneous population: the assessment of the socio-economic groups the
mMost affected by noise is not promoted.

ntroduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion s



Fveryday mobllity In exposure assessment:

. Mobility- and residential-based individual
EX[pOsSUre as process: environmental exposure

Two spatio-temporal layers are needed:
1. Thedaily trajectory of individuals;

2. The daily evolution of environmental
conditions.

[Cail and Kwan 2024]
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on health

Everyday mobility into
exposure assessment
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Everyday mobility into
exposure assessment
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Methods

Agent-based transport models:

Individual-traveler who attempts to perform his daily activities

Households Agents Activity plans

egasim

egasim.org
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http://eqasim.org

s f:EM_ T —

Modes: car, public transport, bike, walk Road traffic noise: LAeqg,15-min
Activities: home, work, education, shop,
leisure, others.
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a) Noise exposure profile: Agent n°1000
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Negative effects
on health

Everyday mobility into
exposure assessment
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Assessing critical exposure areas

. Noise map and number of agents in facilities exposed to critica
. Noise levels (LAeq,15min >= 65 ) between 12:00 and 12:15

a) Definition of critical exposure:

Selected indicator:

e =™ o
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U
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------
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L.C. Luquezi al. 2025
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Lyon Metropolitan Area application

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

Lyon Metropolitan Area.

Population:

1.4 million inhabitants.

Synthetic population:

I ]
Villeurbanne
=

100% sampling rate.

Study area:

Lyon and Villeurbanne. i

D e r | O d 3 Model area \\ggfk(/ O Zoning grid
_A O Study area | | O Study area

06h00 to 22h00
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Temporal distribution of critical exposure occurrences by
activity
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Spatial distribution of critical exposures

a) Crit. exposure at home b) Crit. exposure at work
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Critical exposures of young agents

Critical exposure areas for agents with an age range of O-15 years between 0c:.00 and 22:00 segmented by
. activity

a) Crit. exposure: 00-15 at education b) Crit. exposure: 00-15 at other activities
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Metrics for quiet areas - Service areas of green space and its quiet |
accessioility

areas for a 5-minute walk at 4.5 km/h

Qhooszmé
a) Eligible spaces . green spaces
o) Definition of quiet area:
Selected indicator :
e [Aeqgl5-min <=50 dB(A)
e Minimum size of 100 M~
c) Definition of accessibility:
0 2
Selected indicator: | =
o . Reference points Geometry Service area
o Within5minutes walk' % Green space @ Green space Green space
% Quiet area O Quiet area Quiet area
Python OSMnx

Peris 2020, Martinuzzi et al. 2020 L.C. Luquezi al. 2025
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Lyon Metropolitan Area application

Model area: OpenStreetMap

Lyon Metropolitan Area.
Population:

1.4 million inhabitants.

Synthetic population:
100% sampling rate.
Study area:

Lyon and Villeurbanne,

Period:
3 Study area
12000 to 14h00 (lunch break] ; : !lﬁ;gﬁifﬁfﬁitwork

Symexpo
N
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Spatialization of accessibility

a) Number of agents with access to a quiet area b) Number of agents with access to a green space
12:00 - 14:00 pm. ) : | | 12:00- 1400 pm. ) ' &
= {7 e A V“‘"Op’ené&eeﬂ%ap [ — | R 3 R - OpenStreetMap

0.0 100 - 240 B8 420 -730 0.0 100 - 240 ®W 420 -730
0-100 240 -420 W 730-3210 0-100 70 240-420 MW 730-3210
30 % of moving agents 80 % of moving agents
With access With access
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Qulet areas with high accessibility

Green spaces ordered by temporal average of the number of agents with access to their
. current quiet areas between 1200 and 14.00. :

a) Jardin Dalle Rosier (Garden)

Name Category | n [No.] | 5 [m?]
ﬂJardin Dalle Rozier Garden 9,177 354
Jardin Saint Michel Garden 7,941 1,637
Jardin Clos Carret Garden 7,786 2,920
Jardin de la Grande Céte | Garden 7,145 3,870
Jardin d’'Essling Garden 6,965 320

0 7,5 “15m

e V=)
OpenStreetMap J aue rent
T
=
o
= 7
i<
o
o
A
o
-
C.
i\ =
Pla
m} e

@ Green spaces
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Cross-analysis: environmental immpact anac
opportunities.

Temporal average between 12:00 and 14:00 of the number of agents
critically exposed without access to at least one quiet area

Critical exposure without quiet area access
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Overall discussion

FUture improvements for agent-pased exposure models
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1/ 3) Contextual impacts assessment:

Relation between day-evening-night noise level
Standard exposure-response functions: and percentage of individuals Highly Annoyed.

Heathrow Road
Berlin Road
Amsterd Road
Stockholm Road
Athens Road
Malpensa Road
DaNang Road
France Road

Long-exposure dose at home to annoyance.

O<«oopoOd40

Contextual exposure-response function: o0 |

Hanoi Road
<> Ho Chi Minh Road

{ 5 Hong Kong Road

Q Hue Road
O Swiss Road

Thai-Nguyen Road
Gothenbg detached Road
Gothenbg apartment Road
Kumamoto detached Road
Kumamoto apartment Road
Sapporo detached Road
Sapporo detached Road
[0 Wipptal Mainroad Face

<> Wipptal Highway Face
A\ Wipptal Highw+Mainr Phone
O Inntal Mainroad
QO Inntal Highway
- \WHO full dataset Road
—— Miedema & Ousdhoorn Road
- Cl Miedema & Oudshoorn Road

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

40 +

% Highly Annoyed

aoo0pDnq

20 +

40 50 60 70 80 %
Lden (dB)
(Cuski et al. 2017; Miedema and Qudshoorn 2001)
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2/ 3) Contribution of o Corfollowing (AMSUN/MATSIM)
mMicroscopic traffic models:

/ o 09:00:17
Cnergy based indicators: M/

LAeq, T Several minutes resolution W |
L e

Deta”ed temDora’ aCOUSJUC content: e

Detailed simulation of the traffic
behavior, which means detailed noise

dynamics: N

\
e Number of noise peaks ‘. =
e [ntermittency ratio
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3/ 3) Population vulnerability in noise assessment

What are the determinants of noise exposure vulnerability?

e Health attributes of the population (e.g. sensitivity to noise) ?
e [Precise location of the dwelling (e.g. bedroom at quiet facade) 7

e |he acoustic insulation of facilities

Improvement pathways to elaborate noise action plans targeting the most
exposed, sensitive, and vulneraple groups.
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Conclusion
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INntroduction | Methods | Results: Critical exposure | Results: Quiet areas | Discussion | Conclusion
Agent-based exposure models:

INntegration 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.

EXpOosuUre science In progress..
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Thank you for you attention!
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Agent-based exposure framework

egasim
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Transport
demand model
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egasim.org
matsim.org

noisemodelling.readthedocs.io/en/latest/Matsim_ Tutorial.html

MATSIm

Multi-Agent Transport Simulation

Exposure
assessment

Transport Activity
: Exposure
system trajectory of
model
Slmulatmn agents
Environmental

Flows and traffic Environmental
conditions model

Le Bescond et al. 2021, Nygren et al. 2024; Hankach et al. 2024
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Transport demand modeling

S t a ‘t | S ‘[: | C a ‘ m a J[ C h | n g Sociodemographics & Homes Sampling

Population census
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Activity chains / Mobility patterns

National household travel survey

A C J[ | \/ | J[ | e S Primary (home / work / education) destinations

Population census with commute data
i Enterprise census | Qrigin/destination sampling

Home, study, work, leisure, shop, others

Address database

Service and facility database

Secondary (shopping / leisure / ... ) destinations Assignment algorithm

Service and facility database

Households =--|  Activities
Spatial zoning data
Persons SELEEE Trips
eqasim
oy Ly .. , (Horl and Balac 2021b)
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Data used: Full Open data

Table: Input data of the agent-based exposure model of Lyon Metropolitan Area

Data category Data type Source Date Service
French population census 3(6::6_;136111611‘[ de la population - Fichiers 2015 | INSEE
étai
Population .
. Recensement de la population - Base .
French lat sus | 2017 |INSEE
data rench population census | .~ - (IRIS)
Houscholds income  |Revenus localisés sociaux et fiscaux 2015 |INSEE
Mobility Work and education | p \1oBPRO / RP-MOBSCO 2015 |INSEE
behaviour commute data
data Household travel survey |EDGT Lyon 2015 2015 |CEREMA
Transport infrastructures |OpenStreetMap 2021 | OpenStreetMap

Territory and
infrstructure
data

Public transport lines

SNCF, TCL, TGV, Rhéne Express, etc.

2021

SNCF. TCL, TGV.
Rhéne Express

National address database

BD-TOPO

2020

IGN

National service and

Base permanente des équipements

facility database (BPE) 2020 |INSEE
Systéme national d’identification et du
National enterprise census [répertoire des entreprises et de leurs ét |2020 |INSEE
ablissements (SIRENE)
Buildings gemotries  |OpenStreetMap 2021 | OpenStreetMap
Statistical zoning system |Contours IRIS 2017 |IGN
Statistical zoning system Table d'appartenance géographique des 2017 | INSEE

IRIS
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Acoustic model:

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

Parameter Description / Value
Method CNOSSOS
Maximum source distance 750 m

Maximum reflection distance | 50 m

Reflection order 1

Vertical diffraction Disabled

Horizontal diffraction Enabled

Absorption by the ground

Fully reflective

Topography Homogeneous (flat land)
Meteorology 50% favorable occurrence (all directions)
Tunnels Neglected

Road surface

Fine broomed concrete (NL08)

Buildings (shielding effect)

Enabled (OpenStreetMap)

Noise sources

Road traffic (car and bus)
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Summary of ABM characteristics:

Table: Attributes and features of the current state of agent-based exposure models for

environmental noise assessment

Attributes / Features

Description

Transport demand

Synthetic population

Demand resolution

Everyday mobility

Agent attributes

Personal, household, neighborhood attributes

Spatial resolution

Large-scale (cities and regions)

Temporal resolution

Dynamic, several minutes

Period resolution

Typical 24-hour weekday

Traffic simulator resolution

Mesoscopic

Network resolution

Network graphs (links and nodes)

Modes of transport

Car, public transport, bicycle, walking

Activity groups

Home, work, study, leisure, shop, others

Acoustic resolution

Energy-based indicators

Noise indicators

LAeq, Lden, Ln, etc.

Study territories

Major global agglomerations
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