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METROPOLIS2 in brief

• Development started in 2021 

(PhD thesis of Lucas Javaudin, 

supervised by André de Palma)

• Successor to METROPOLIS(1)

• Objec)ve: evalua)on of public 

policies

• Open source: github.com/Metropolis2

Main features:

• Mul)-agent

• Mesoscopic

• Dynamic

• Discrete-choice modeling

• Bo.leneck conges)on

• Itera)ve convergence process
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METROPOLIS2 Architecture

• Metropolis-Core [Rust]: the 

simulator itself; designed to be 

3exible

• Pymetropolis [Python]: 

pipeline to generate, run, and 

analyze a simula)on; designed 

to be user-friendly

Simulation instance

METROPOLIS2

Input data
 

OpenStreetMap, mobility

survey, synthetic population,

etc.

Configuration
[Toml]

 

Description of the simulation

instance

Pymetropolis
[Python]

 

Helper functions to generate,

calibrate, run, and analyse a

simulation instance

MetroFiles
[Parquet / GeoParquet]

 

Intermediate %les that can be

read and exploited by the

users

Raw Input files
[JSON / Parquet / CSV]

Raw Output files
[JSON / Parquet / CSV]

Metropolis-Core
[Rust]

 

The main logic of the

simulator

METROPOLIS2 Modules
 

Additional features provided

by the community

Feeds Defines

Writes

Reads Writes

Reads

Writes

Reads

Augments



Metropolis-Core
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Input data
• Parameters (JSON)

• Agents (Parquet)

• Alterna)ves (Parquet)

• Trips (Parquet)

• Edges (Parquet)

• Vehicle types (Parquet)



Output data

• Itera)on results (Parquet)

• Agent results (Parquet)

• Trip results (Parquet)

• Route results (Parquet)

• Edge travel )mes (Parquet)

• Log (txt)

• Running )mes (JSON)



Convergence process

An itera�ve process is 

used to adjust travel 

decisions un)l expected 

conges)on matches 

simulated conges)on 

(Nash equilibrium)
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Demand: Trips and trip chains

• Trip types:

• Road (e.g., car driver, car passenger, truck)

• Constant travel �me (e.g., walk, bicycle, simpli>ed public 
transit)

• Public transit [WIP]

• Trip chaining: each agent is following a sequence of trips

• Home-based tours: mode choice is done at the home-based 
tour level
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Demand: Decision process

• Level 1: Agents choose a 

mode (Mul)nomial Logit, Nested 

Logit, determinis)c model, etc.)

• Level 2: Agents choose a departure 

�me for their >rst trip (Con)nuous 

Logit, Mul)nomial Logit, 

exogenous)

• Level 3: Agents choose their route
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Demand: Rou)ng

• Rou�ng algorithms are used for departure-)me 

and route choice: (�me-dependent) Contrac�on 

Hierarchies

• Two query types:

• Earliest arrival query: fastest travel )me and 

route, given an origin, des)na)on, and 

departure )me

• Pro>le query: fastest travel )me for any 

departure )me, given an origin and des)na)on

• OpenTripPlanner is used for public-transit rou)ng
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Supply: Conges)on modeling

• Event-based model (continuous time)

• Bo"leneck: at the link level, vehicle in3ow / 

ouDlow is limited by the capacity 

(dynamically)

• Queue propaga�on (spillback): vehicle 

in3ow is limited by the stock capacity of each 

link (# vehicles to occupy full link length)
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Pymetropolis



Pipeline Pymetropolis

• Based on the config, various processing Steps are run

• The running order of Steps is computed dynamically

• When the config changes, only impacted Steps are re-run

• Processing data / results are stored in well-formated MetroFiles

1. Collect data

2. Write a configuration file [TOML]

3. Run Pymetropolis



Input data: Synthe)c popula)ons

• Fic��ous popula�on of households and persons, generated to be 

representa)ve of the actual popula)on (Hörl & Balac, 2021)

• Data combina�on: census, household travel survey, buildings

• Example of household:

 ID: 19

 Number of cars: 1

 Number of bicycles: 3

 Income: €11,865 14



Input data: Synthe)c popula)ons

ID Age Gender Socioprofessional class

34 51 Man Employee

35 48 Woman Execu)ve

36 17 Man Student

37 14 Woman Student

ID Person
Preceding 

purpose

Following 

purpose

Ac)vity 

dura)on

133 34 Home Work 06:35:00

134 34 Work Home

135 35 Home Work 08:03:00

136 35 Work Home

137 36 Home Educa)on 06:55:00

138 36 Educa)on Home

139 36 Home Leisure 01:25:00

140 36 Leisure Home

141 37 Home Educa)on 07:10:00

142 37 Educa)on Home

TripsPersons
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Input data: OpenStreetMap & GTFS

• Road network is 

imported from 

OpenStreetMap

• Public-transit 

schedule is read from 

GTFS +les
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Pymetropolis case studies

1. Single-road bottleneck (~1 minute)

2. Circular city (~15 minutes)

3. Small-size French city (~2+2 hours)

4. Paris (~4+2 days with 20% downscaling)



Extensions and applica)ons



Calibra)on

Semi-automa)c calibra)on of simula)on parameters with 

Machine Learning models

Step Calibrated parameters Target values Data Methodology

1 Free-3ow speed and 

)me penalty by link

Free-3ow travel )me (OD level) TomTom API LASSO regression

2 Capacity by link type Congested travel )me (OD level) TomTom API OLS regression

3 Schedule-delay 

penal)es by purpose

Departure-)me distribu)on by 

cluster

Household 

travel survey

Bayesian op). 

with gaussian 

processes

4 Alterna)ve-speci>c 

constant and value of 

)me by mode x gender

Mode shares by cluster Household 

travel survey

Bayesian op).

with random 

forest regressions19



METRO-TRACE

1. Emissions 2. Dispersion 3. Popula)on density 4. Exposure
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Scenarios

• Paris (next slide)

• Quebec city (new bridge, new tramway line)

• Riyadh (traOc emissions)

• North of France [WIP] (public transit expansion)

• East of France [WIP] (public transit expansion)

• Alger [WIP]



Policy evalua)on in Paris

• Low emission zone

• Subway expansion

• Ridesharing

• Speed-limit change

• High-occupancy vehicle (HOV) lanes



Comments?

Lucas Javaudin

lucas.javaudin@enpc.fr

h�ps://lucasjavaudin.com

h�ps://metropolis2.org

mailto:lucas.javaudin@enpc.fr
https://lucasjavaudin.com/

