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1. Who is SBB? 

... and transportation modeling @ SBB

2. Model development with MATSim

▪ Input data

▪ Software development

▪ Parameter calibration

3. Application of MATSim: «reality tests»

4. One year with MATSim

▪ Where we stand

▪ Where we go from here

▪ Lessons learned
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Swiss Federal Railways (SBB) in numbers 2017.
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 Leading railway in Switzerland (population 8.4 million)

 1.3 million passenger trips per day 

▪ over the past 15 years: +3.5% in average p.a.

 3’200 km network length (standard gauge)

▪ most densely used rail network in the world

 33’000 employees

 Punctuality

▪ 89% of passengers arrived with less than 3 minutes delay

 Renewable energy

▪ > 90% of all electricity used in rail transport



SIMBA MOBi
microscopic

SIMBA Rail
macroscopic

2-pillar architecture of the model landscape SIMBA* 
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Multimodal effects

Exogenous rail demand

Corporate planning 

processes:

service, financial, fleet

Business cases:

station access, future travel 

modes, mobility hubs 

Agent-based

travel simulation
(MATSim)

Synthetic 

population

Activity-based 

demand

Multimodal 

network and 

schedules

* Standardisierte Integrierte Modellierung und Bewertung von Angebotskonzepten

Dynamic passenger 
assignment

(VISUM)

Empirical 

demand data

Rail production 

model
(VISUM)

Rail schedule 

factory

Trip-based rail 

demand

More about this:

ITM, Tuesday 8.30, 

Session 3A,

“Modeling Across 

Modes and Markets”



Model development with MATSim



The big picture of our model development.
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Parameters

Software

Input data

Analysis

Work flow

Simulation

Calibration feedback



We are not first in modeling Switzerland with MATSim.
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 Senozon and ETH/IVT provided the following input data for our

MATSim model of Switzerland:

▪ Synthetic population (Swiss inhabitants, freight and cross-border

travellers by car)

▪ Agents’ plans

▪ Road network

 Step by step, we extend and replace the inputs by our own data, 

e.g.:

▪ PT schedule

▪ Exogenous rail demand



Our PT schedule factory delivers

current and future schedules to MATSim.
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Rail schedule

planners: current

and forecasted

Visum-MATSim
Interface

Passenger 

information

system bus, 

tramway etc.

Fusion: all PT 

modes schedule
MATSim



Exogenous rail demand: 

Not only Swiss inhabitants travel by train.
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Rail journey visitor CH

Flight
Rail journey inhabitant CH

Cross-border traffic

International long-

distance traffic

Traffic from/to airport

Tourism/ visitor traffic

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjBppXy463UAhXTSxoKHZPSC0wQjRwIBw&url=https://www.123rf.com/photo_14490956_digital-photo-camera-3d-icon-isolated-on-white-background.html&psig=AFQjCNF9V8UC6h88MqTAKyTYSrf-N-xqsQ&ust=1496995207296324
https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5zpeD463UAhVCPxQKHRBwAkMQjRwIBw&url=https://www.dreamstime.com/stock-photos-d-hotel-white-background-cartoon-style-image40076283&psig=AFQjCNFUtKIIFMd9tXU00L3BNBFqj4DU1w&ust=1496994922116946
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj67Kzxla7UAhVJQBoKHWYNCpoQjRwIBw&url=http://www.iconarchive.com/show/gis-gps-map-icons-by-icons-land/AirPort-icon.html&psig=AFQjCNGa50iP-x5FM4G6KCYkc9zdNWY2WQ&ust=1497008632745343


Software development



Access times: 

Getting a more realistic car scoring.
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 No parking constraints in standard MATSim (searching for a parking 

space, access times, parking costs)

 Development: access time = function of urban density

 Calculated for the 8’000 zones of the NPVM

City of Berne
origin

destination



SwissRailRaptor:

A improved PT router is now open source.
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 90+ times faster

 Speed-up of the whole CH-

simulation: ~3 times

 Memory consumption: ~10%

of the default MATSim router

Version 1.0 

 Minimal transfer times

 Range queries: optimal 

connection within time 

window

«a more realistic router»

Version 1.5 

«a faster router»

 Intermodal access/ egress

 Person-specific routing parameters

 Mode-specific routing parameters

Version 2.0 

«a fancy router»



Default MATSim

Deterministic PT simulation (DetPt):

Realistic PT travel times of agents and vehicles.
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 QSim-module to simulate PT vehicles strictly according to the transit 

schedule

 The defined vehicles are not physically routed through the network, 

but teleported

 Optimal for PT on dedicated tracks (train, metro, ..) 

Default MATSim SBB DetPt

TransitQSimEngine SBBTransitEngine

queue-based simulation stop-to-stop teleportation

Interaction with car traffic no vehicles interaction

passenger interaction passenger interaction

capacity constraint capacity constraint

Det. simulation



Scoring parameter calibration



Our calibration is based on multiple criteria.
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Road counts 
(ASTRA)

Travel diary survey 
(MZMV 2015)

Rail demand data
(HOP)

• Link volumes on 

Motorways and other 

national roads

• Mode shares (# trips , 

pkm)

 global and by 

person groups

 by distance classes 

 aggregated district-

to-district 

• Direct trips versus 

transfers in public 

transport

• Travel time per mode

• Rail demand global 

(km travelled, # trips) 

• Passenger volumes:

 per station

 per link

 per OD pair

• Distributions of 

demand by LOS (travel 

time, distance, 

transfers)
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SIMBA MOBi runs

rail trips rail PKM

goal:
0%

error

access times 
car 1.0

exogenous 
rail demand

increased
transfer penalty

measurement 
error MZMV

minimal transfer 
times stop2stop

access times 
car 2.0

reduced transfer  
walk scoring

Calibration history (dec. 17 – apr. 18).
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PKM # Trips 

Empirical

MZMV 2015

Model

SIMBA MOBi

2015/16

3% 3%

31%

12%

51%

29%

8%

15%8%

40%

2% 3%

34%

9%

52%

36%

10%
16%

5%

33%

Mode shares:

Person KM traveled (PKM) versus # of trips.
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Average weekday travel of inhabitants, in interior travel of CH



No subscription Half fare card Full subsciption ("GA")

Empirical

MZMV 2015

Model

SIMBA MOBi

2015/16

4% 2%

14%

14%
66%

2%1%

80%
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11%

3% 3%

27%

11%

56%

1%2%

67%

4%

26%

3% 3%

32%

11%

51%

2% 3%

34%

7%

54%

Mode shares, PKM:

Some person groups need specific scoring functions. 
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Public Transport Subscription / FareCard



Mode shares, PKM:

Some person groups need specific scoring functions. 
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Personal car availability

No car available Car available

Empirical

MZMV 2015

Model

MATSim-CH

2015/16
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4%
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MOBi Walk MOBi Bike MOBi PT MOBi Car (ride) MOBi Car (drive)

MZMV Walk MZMV Bike MZMV PT MZMV Car (ride) MZMV Car (drive)

Mode shares by distance class.
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Network-wide replication of 

Rail demand.
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First applications of MATSim: «reality 

tests»
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Replacement of rail service by bus.

Biel

Neuchâtel

Chaux-de-Fonds

Bern

Schedule with bus replacement:

Route choice:

 Case:

▪ Rail interruption

Neuchâtel - Chaux-de-F.

▪ Replacement by buses

 Measured effects:

▪ Required bus sizes

▪ Shift to other PT lines 

(route choice)

▪ Modal shift to other 

(motorized) modes
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Intermodal access and egress:

Making a train station accessible by bike/ride.

 Case:

▪ More realistic access and 

egress to and from train 

stations

 Measured effects:

▪ Modal split in station 

access (walk, bike, ride 

and bus)

▪ Boarding and alighting 

counts at stations



Neuchâtel

Chaux-de-Fonds
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Rail service improvement:

Demand effect: magnitude = OK, convergence ≠ OK

 Case:

▪ New direct rail connection

▪ Travel time cut in half

 Measured effects:

▪ Modal split,  route choice

▪ Train loads, station 

boardings

 Unsolved problem: 

convergence of demand
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Nachfrageänderung im CNB-Gebiet pro Modus

cnb 1.5.1 500 iter

cnb 1.5.1 1000 iter

cnb 1.5.1 1500 iter



 Convergence is not satisfactory yet

▪ Only well converged simulations can serve in the comparison of 

alternative cases

 Advanced scenarios with future scenarios of public transport require 

model further development:

▪ intercity bus lines, 

▪ intermodal rail access, 

▪ capacity constraints

 Prediction success and sensitivity: still needs verification

 We are not at the point yet, where we want to use the MATSim model 

for serious business cases (but we will get there)

Conclusion of the first applications. 
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One year with MATSim ...

Where we stand 

and where we go from here



SIMBA MOBi.CH 1.0 : We have calibrated an agent-

based simulation on the national scale.
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https://www.youtube.com/watch?v=5FQtwcAsSqI&feature=youtu.be

https://www.youtube.com/watch?v=5FQtwcAsSqI&feature=youtu.be


One year with MATSim:

What we have achieved.
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 MATSim model on the national scale: calibrated, up and running

(syn.pop. and plans from senozon/ETH)

 Development of

▪ an improved public transport model in MATSim (open source)

▪ other software features helping to model realistic demand (access 

times care, person-type diversified scoring , ...)

 Automation of input data streams for exogenous demand and public 

transport schedules, both existing and future-forecast

 Provision of computing power, cloud and local

 Functional MATSim modeling team

▪ know-how in microscopic travel modeling, software development 

and data science



MOBi.Plans

MOBi.Synpop

MOBi.Modell

(MATSim)

Next steps of development

Completing the microscopic model chain.
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Network simulation

car, PT

Mode choice,

departure time choice, 

activity duration,

route choice MOBi.Modell

(MATSim) in place

in place

in development

in development

intermodal 

sharing, 

AV

intermodal 

sharing, 

AV

in development

Synthetic

population

Tour + activity generation

location + destination choice



One year with MATSim ...

Lessons learned



One year with MATSim:

Lessons learned
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 Scoring parameters ...

▪ ... must be diversified: routing≠plan-scoring, by person type

▪ ... can not be copied from a trip-based LOGIT model

(not even with the method described in Horni et al 2016)

 The open source software project is very well done

 A lot of trial and error ...

▪ ... might be avoided for future MATSim starters 

by best-practice configuration files and better documentation

 To make MATSim ready for real world transport planning, we need to 

work on 

▪ ... calibration, convergence, computation times, and

▪ ... access for users that are not programmers



One year with MATSim:

What we like to learn from other users.
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 Convergence of MATSim simulations

▪ ... how to improve it

▪ ... and how to handle the lacking convergence in practice

 Calibration of travel demand: 

▪ tipps, tricks, methods

 Generation of agents’ plans as input to MATSim

▪ tours, activities, times of day, destinations



Further information



Acknowledgements
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The model, which is presented here, has been built by a team.

The team includes/included:

 Nathalie Frischknecht

 Johannes Lieberherr

 Patrick Manser (presenter, patrick.manser@sbb.ch)

 Denis Métrailler

 Stefan Paschke
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 Wolfgang Scherr (presenter, wolfgang.scherr@sbb.ch)
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Visit our open source repositories on github!

https://github.com/SchweizerischeBundesbahnen

• matsim-sbb-extensions: DetPT, SwissRailRaptor

• matsim-sbb: MATSim project for MEMO-P

• matsimba: Python modules for postprocessing

https://github.com/SchweizerischeBundesbahnen
https://github.com/SchweizerischeBundesbahnen/matsim-sbb-extensions
https://github.com/SchweizerischeBundesbahnen/matsim-sbb
https://github.com/SchweizerischeBundesbahnen/matsimba


SBB • Passenger Transport • Service Planning • 24-Jun-2018 39

Further reading:

 Wolfgang Scherr, Patrick Bützberger, Nathalie Frischknecht:

Micro Meets Macro: A Transport Model Architecture Aiming at 

Forecasting a Passenger Railway's Future.

http://www.strc.ch/2018/Scherr_EtAl.pdf

 Marcel Rieser, Denis Métrailler, Johannes Lieberherr

Adding Realism and Efficiency to Public Transportation in MATSim

http://www.strc.ch/2018/Metrailler_Lieberherr.pdf

http://www.strc.ch/2018/Scherr_EtAl.pdf
http://www.strc.ch/2018/Metrailler_Lieberherr.pdf


Riding trains in Switzerland is fun ...


