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So far: Economic growth ~ growing resource extraction
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Steffen, W., et al (2015)
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Transport is the #1 GHG Emitter in Switzerland, #2 Worldwide
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The dilemma of transport policy
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Rapid decarbonization
of traffic

Keep improving 
accessibility

Avoid urban sprawl

Allow innovations
(Uber, E-Cars, A-Cars)

Axhausen, K.W. (2020)

Loo, B.P.Y. and Axhausen (2022)

Alcott, B. (2005)
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Decarbonization: The problem of electric and autonomous cars
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Today’s 
ICE cars

Today’s E-Cars1

-20%

E-Cars 
20502

-62%

Global 
population 
growth 
20503

+25%

Induced 
demand 
2050 due 
to E-Cars4

1ITF (2020) 
2Cox, B., C.L. Mutel, C. Bauer, A. Mendoza Beltran and D.P. van Vuuren (2018); 
3UN (2019)
4Assumption due to growing wealth, better infrastructure and lower cost of batteries for future E-Cars: Schmidt, O., A. Hawkes, A. 
Gambhir and I. Staffell (2017) 
5Assumption based on Bösch, P.M., F. Ciari and K.W. Axhausen (2018)
6IPCC (2022)

Induced 
demand 2050 
due to 
autonomous 
driving5

GAP

Note: These are optimistic estimates of how many CO2 emissions can be avoided through technology.
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Other incremental approaches don’t scale
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Road Pricing

• Low democratic 
acceptance2

Public Transport

• Long planning 
horizons

• Not feasible for all 
people3

Carpooling

• Low acceptance 
among users with 

choice1

1 Shaheen, S. (2018)
2 Lichtin, F., E.K. Smith, K.W. Axhausen and T. Bernauer (2022)
3 Turner, J. and M. Grieco (2000)
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A cycling revolution as a way out?

Improving 
Transport

Better 
Accessibility

(lower generalized 
cost)

More Travel 
Demand

More negative 
externalities 
(emissions, 

noise, sprawl…)

need for…
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The E-Bike City: Core Idea

Devote ~50% of road space to micromobility e.g. bicycles, e-bikes, cargo-bikes, e-scooters, etc.
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~50% 

Ballo, Meyer de Freitas, Meister, Axhausen (2022)
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E-Bike City: Basic principles
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Absolute priority for cycling and 
public transport on intersections

Safe cycling infrastructure equally 
distributed across the e-bike city

Reducing the attractiveness of 
driving

~50% 
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Goal
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How does the public transit system need to look, to support a 
major shift to cycling/e-biking, considering that cycling is not 
appropriate for all situations/weather conditions? 

Study weather effects on transport demand

How much rain, 
temperature, 

seasons, etc… affect 
bike usage? How 

much other modes?

What is the mode 
shift in adverse 

weather conditions?

Developing a tool to adjust transit system 
during unexpected capacity situations

OpenBus
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OpenBus for Zürich - Workflow
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OpenBus 
Toolbox

• Optimise line plan
• Route demand to 

stations and lines

MATSIM 
trip data

GTFS 
timetable data 

Merge to 
traffic zones

Extract lines 
and stations

Passenger 
flows

Line plan and 
timetable

Vehicle usage

Source: RF123
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OpenBus for Zuerich – Served stops and demand
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Served stops

Served demand

Source: OpenStreetMaps
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OpenBus for Zuerich – Average Vehicle Load
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passengers [n]                      passengers [n]

Seebach

Triemli

Bahnhofquai/HB

Source: VBZ

08.06.2023E-Bike City Kolloquium - Projektupdate



Weather effects – Methods
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MeteoSwiss

Prediction Models

• Past Travel Demand
• Weather

• Future Travel Demand 
• Mode shift

Machine 
Learning
Machine 
Learning
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Weather effects – Preliminary results
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Relationship between peak wind speed and 
cycling counts 
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Weather effects – Mode shift
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25% 24%

41% 46%

8% 5%

26% 25%

5% 6%

45% 55%

30% 18%

20% 21%

Higher bike usage*

Current Mode share*
Weather variables

Precipitation, temperature, humidity, sunshine, wind speed, pressure

Expected results
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Future plans
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 Scale-up and optimize the prototype based on OpenBus

 Improve data collection, cleaning and analysis

 Testing different prediction models for demand variation from weather

Feedback

 How to manage variable demand? Is OpenBus a valid choice?

 Which external factors to consider primarily for demand variation? E.g. 

weather, weekday, season, holiday, …
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Designing the E-Bike City
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1. 50% of road space for cycling

2. Making the policy direction tangible

3. Visualizations and design manuals
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Example Birchstrasse, Zurich
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Example Birchstrasse, Zurich
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Drafting
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Drafting
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Drafting
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Drafting
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3D model for visualizations
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3D model for visualizations
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What about the resulting networks?
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Goals

1. Realistic networks for a transport model

2. A scalable process across many cities worldwide
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Network redesign: Design philosophy
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Converting all vehicular lanes to 
cycling infrastructure, except a 
minimum set, ensuring:

1. Vehicular access to all 
intersections

2. Operation of current major 
transit routes
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Network redesign: Status quo
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Network redesign: Only vehicular lanes
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Network redesign: Only essential vehicular lanes
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Network redesign: Converting the remaining lanes to cycling
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Network redesign: Street network simplification
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Original OpenStreetMap data Simplified Centerline Graph
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Network redesign: Data structure
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F- L< M< T< T> M> L> F-

roadway width = 19m

2.0 1.5 3.0 3.0 3.0 3.0 1.5 2.0
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Network redesign: Planer’s inputs
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1. Network hierarchies

2. Segmentation

3. Network constraints:

1. Access to every 
intersection?

2. Maintain vehicular traffic on 
every street?

3. Dedicated bus lanes?

4. Order of graph reduction

5. minimum capacity for vehicular 
traffic (to be added in the future)
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Network redesign: Lanes before and after
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Before After
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Zusammenfassung Entwurf

• E-Bike City becomes more concrete through the first designs of streets and intersections

• Automated generation of alternative street networks

• Software SNMan (Street Network Manipulator)

Nächste Schritte:

• What are the effects of these alternative networks on traffic? 

• Professional Visualizations
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Objective: Urban road space allocation to different modes

Trade-off between eco-friendly/active transport mode enhancement and car 
traffic performance degradation:
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Subproject D framework
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D1 (modeling): 
Multi-modal macroscopic fundamental diagrams

D2 (prediction): 
Multi-modal network traffic assignment

D3 (management / control): 
Dynamic road space allocation strategies & 

others
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Problem --- Bicycle traffic dynamics

Characteristics:

1. Non-lane-based traffic flow

2. Large behavioral heterogeneity, e.g., desired speed, overtaking incentive, 
etc.

3. Different dynamics in a mixed traffic stream

46

Loder et al. (2021)
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Problem --- Multi-modal interaction

1. Signal priority & other multi-modal adaptive signal control strategies

2. Public transport (PT) vehicle operation on car/bike lanes

3. Mixed bicycle-car traffic flow
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Intelligent traffic light in Copenhagen 
(Gunnar Bothner-By / Flickr)

A bus line in Ipswich 
(Scenic Bus Photos-By / Flickr)

Bicycles in general traffic
(Photo credit to ©Toby Jacobs)
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Method --- Microscopic bicycle simulation

• A new rule-based continuous space model considering two-dimensional 
(longitudinal and lateral) maneuvers with mental-level decision-making

• Goal: Deriving desired macroscopic parameters in various scenarios
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Diagram of the cyclist size, safety region, and consideration 
range defined in the proposed model

(Brunner et al., 2023)
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Method --- Multi-modal macroscopic fundamental diagram (mMFD)

49

Empirical car MFDs of the city of Zurich 
(Loder et al., 2017)

MFD describes the relationship between network accumulation (density) and 
production (flow).

Two subregions in the city of Zurich 
(Loder et al., 2017)
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Method --- Multi-modal macroscopic fundamental diagram (mMFD)
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3D-MFD additionally captures the influence of public transport (buses, trams, 
etc.) on network traffic performance.

Empirical 3D-MFDs in the city of Zurich 
(Loder et al., 2017)
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Method --- Multi-modal macroscopic fundamental diagram (mMFD)

Variational method (analytical):
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A variational graph of a route in the network
(Leclercq and Geroliminis, 2013)

Left: MFD generated by the variational method 
Right: Adding additional cuts to account for the 

impact of bus lines operating on car lanes 
(Castrillon and Laval, 2018)
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Method --- Network partition
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Preliminary results --- Bicycle MFD 
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Bicycle MFD of a bike path arterial (block length 
= 150m, green time = 40 s, cycle time = 70 s, 

offset = 35 s) generated with Vissim

Analytical cuts for the bicycle MFD
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Preliminary results --- Analytical MFDs considering the impact of transit 
signal priority (TSP)
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Network grid with two horizontal 
and two vertical PT lines

Analytical MFDs of the network grid 
considering different TSP configurations
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Ongoing work

1. Developing the analytical methods for mixed traffic scenarios

2. Partitioning the large-scale network with a heuristic (rule) and a suitable 
algorithm

3. Applying the developed mMFD framework to each subnetwork
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Spatial optimization of street networks

• Spatial optimization is a key part of GIS and transportation literature

• Many iterative approaches exist for bike lane placement

• New opportunities arise from radical street network changes as in the E-bike City project, in 
particular global optimization

 Goal: Optimize the bike lane allocation for the e-bike city, with respect to evaluation metrics that 
assess the goodness of the network
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Combinatorial optimization

Combinatorial optimization: Finding an optimal solution in a discrete set of possibilities that maximizes / 
minimizes an objective function

Bike lane optimization: In a street graph with n edges, allocate a subset of edges as bike lanes

Problem: In a set of n elements, there are 2n possible subsets

 2n possible bike lane networks in a street network with n edges!

59

Scheduling

Examples:
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Bike lane optimization as a combinatorial problem

However, smart solutions exist for many combinatorial problems, e.g.

• Finding shortest paths

• Maximizing the flow through a network

 Goal: Draw from these solutions to optimize the bike lane allocation

Modelling approach:

 Each edge is one lane, and a lane can be allocated either to bikes or to cars

The objective is to find a division into bike lanes and car lanes that minimizes the travel times for both 
bikes and cars

6008.06.2023E-Bike City Kolloquium - Projektupdate



Modelling as a maximum flow problem

 Can be modeled as a flow problem

• Variables: Capacity allocated to bikes and cars (per edge)

• Objective: Minimize a weighted average of the point-to-point travel times in car and bike networks

• Constraints:
• There must exist a path between every pair of nodes (via flow constraint)
• The sum of car- and bike- paths going through one edge is limited by the edge capacity
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Modelling bike lane optimization as a flow problem

Challenges:

+   :  Linear program  efficiently solvable 

- :  The solutions from the linear program will have
to be post-processed (might allocate 70% of a
lane to bikes and 30% to cars)

Travel times bike network

T
ra

ve
l t

im
e

s 
ca

r 
n

et
w

o
rk

Current situation: 
Good car network, 
bad bike network

Trading-off car and bike network:
Pareto-optimality

Goal
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Evaluation tools for street networks
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GIS-based 
street network 

metrics

Network 
topology

Network 
morphology

Network 
context

Centrality measures

Heat

Noise levels (BAFU)

Accessibility

Betweenness centrality (Weighted) closeness centrality

Shortest path length

Topography (slope)

Angular shift
(turns)

Network robustness

Green-Blue 
infrastructure
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Open-source bike lane optimization and evaluation tools
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Next steps

1. Implement and evaluate optimization algorithm on real street networks

2. Compare results quantitatively and qualitatively to the iterative algorithms by means of the Pareto 
curve

3. Implement GIS-based evaluation tools to give a more comprehensive picture about the goodness of 
the street network
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Environmental impacts of our current mobility system

68

Relevant supply chains

CO2 eq

CO2 eq

CO2 eq

CO2 eq

CO2 eq
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Environmental benefits and impacts of an e-bike city
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Relevant supply chains

CO2 eq

CO2 eq

CO2 eq

CO2 eq

CO2 eq

RQ: What are the environmental benefits and impacts associated 
with the implementation of an e-bike city? 

RQ: How do the environmental impacts of 
metal mining for e-bike batteries vary and 
what influence does this have on the overall 
performance of an e-bike-city?

RQ: How do various 
factors, such as 
vehicle technology, 
battery types, and 
electricity mix, 
influence the env. 
performance?
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Raw material 
extraction

Manufacturing

Distribution

End-of-Life

Use

Life cycle assessment 

Environmental benefits and impacts of the e-bike city
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Lithium

Graphite

Cobalt

Nickel

Manganese

Raw material extraction & 
manufacturing
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Lithium carbonate production from Salar de Atacama
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Evaporation ponds Processing plant

Energy Chemicals Water Waste

Assessment of environmental impacts

260 km

Google maps, 18.10.22Tom Hegen
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Chile

3.4 kg CO2 eq

For one kg of lithium carbonate: 

China

31.6 kg CO2 eq
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Ongoing work

Data collection and assessment: 

 Improvement of metal mining data 

 E-bike production, maintenance

 Battery recycling

 Current mobility
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Raw material 
extraction

Manufacturing

Distribution

End-of-Life

Use

Life cycle assessment 
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RQ: What Requirements do Residents Place on the Policy 
Implementation of an E-Bike City?

• Assessing citizen attitudes towards e-Bike-City policy implementation using survey experiments

• Focus on policy scenarios and cumulative information provision, building on findings of other work 
packages

• Measure public acceptance… 

• over time 

• and with cumulative information provision

• Assess how street space allocation affects public acceptance

• Ancillary policies to mitigate (perceived) negative impacts
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Panel Survey and Research Method

• Longitudinal panel survey with survey experiments, focus groups

• Survey a nationally representative panel (N≈6000, Swiss Mobility Panel) to understand resident 
attitudes towards an e-Bike-City
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Experiment 1: 
Individual E-Bike City Policy Assessment and Information Provision
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E-Bike City description
Main Survey & Follow-up 2

Randomized information provision
From other subprojects

Follow-up 2

Outcome variables
• General acceptance

• Perceived effectiveness
• Perceived fairness

• …
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Experiment 2 & Workshops: 
How Street Design Affects Public Opinion

• Evaluating preferences for the built environment

• Pre-evaluation of attributes with expert and citizen workshops

• Identify the most relevant attributes of the street-scale built environment using a survey 
experiment with randomly allocated street-level attributes
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Experiment 3: 
Policy Design Implementation and Ancillary Measures

• Evaluate acceptance of ancillary policy measures for E-Bike City project implementation.

• Conjoint experiment to asses relative importance of different policy design characteristics for 
acceptance of an E-Bike City implementation
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Impact assessment in MATSim
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1. How will the E-Bike City change our 
travel?

2. Who will be impacted and how?

3. Agent-based simulation

Sonnak (2023)
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Challenge 1: Using a «modular» network
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Original OpenStreetMap data Simplified Centerline Graph
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Challenge 1: Using a «modular» network
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Sonnak (2023)
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Challenge 2: Behavior of cyclists
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Meyer de Freitas’ SP Survey in E-Biking in Switzreland (EBIS)
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Challenge 2: Behavior of cyclists
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Value of Distance «VoD»

• 1 km of bike path feels like 0.22 km

Meister (2022)

08.06.2023E-Bike City Kolloquium - Projektupdate



Challenge 3: Mode choice and change of acitivities

1. Large changes of road infrastructure

2. But traditional models typically account only for marginal change

3. Combined activity-based & agent-based model system (SBB SIMBA MOBi)
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Challenge 4: Calibration

• Analysis tool, developed by Eduardo Falbel
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Summary Subproject H

• Assessing the impacts of the E-Bike City policy direction

• Extending the traditional transport planning toolkit with methods for cycling and large changes
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Costs of creating the E-Bike City
& expected changes in accident risks.
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1 2
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Research Questions: Costs and Safety
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1 2
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Research Methods: Literature, Interviews & spatial analyses
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1 2
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Results so far
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12

6

3
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Results so far
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Results so far
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Open Questions

Where/how can we find reliable data about completed bicycle infrastructure projects? 
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6 Velovorzugsroute Altstetten

+ 200 square meters of paint
+ 3 Signs
+ 1 Bicycle symbol
+ 1 Crosswalk

10’000 CHF ± 10%
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Motivation

Main goal: estimating robust and behaviorally interpretable parameters to model activity-travel 
behavior

• Particularly, deriving behavioral indicators (value of time, elasticity) to evaluate impacts of e-bike city  

• Improving the realism of microsimulations, including activity and travel dimensions
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Methodology

1. Application of OASIS: optimisation framework to simulate daily activity schedules, with simultaneous 
integration of activity choice dimensions (activity participation, timiing, location, mode…) 

2. Parameter estimation component of the framework: 

1. Choice set generation

2. Discrete choice estimation of parameters
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Methodology

1. Choice set generation: generate a choice set of feasible schedules containing a mix of high and low 
probability schedules using the Metropolis-Hastings algorithm
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Feasible 
schedules

frame 

Considered 
schedules

Actual choice set: 
Unobserved

Observed schedule

Unobserved and 
possibly infinite

Estimation choice set: 
sample of feasible 
schedules generated for 
estimation purposes
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Methodology

1. Choice set generation: generate a choice set of feasible schedules containing a mix of high and low 
probability schedules using the Metropolis-Hastings algorithm
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Initial state

Block

Inflate/Deflate

Assign

Swap

Mode Location
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Methodology

1. Utility specification:

• MATSim default scoring function (Charypar & Nagel 2005): linear-in-parameters start time 
utility, non-linear (log) duration

2. Comparison with other utility specifications: 
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OASIS (Pougala et al, 2022)
Linear start time and duration

PlanomatX (Feil, 2010)
No start time, “S-shaped” duration
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Initial tests

1. Parameters estimated with Biogeme (Bierlaire, 2023)

2. Dataset: Swiss MZMV 2015 (BFS & ARE, 2015), sample of Lausanne students (236 individuals)
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MATSim
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Initial tests
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Next steps

1. Next step: Improving utility specification

• Non-linear specification for start time component

• Estimation of travel components (time and cost) – with PostCarWorld data

• Latent class analysis for activity desired timings

2. Next step: Integration of OASIS and MATSim

• Input-output compatibility

• Potential contributions (e.g. input only or other stage of the simulation?)
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