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Introduction and background
Cities are increasingly promoting cycling to reduce car 
dependence, emissions, congestion, and public-health 
burdens.

Why cycling infrastructure needs better evaluation

Cyclists are directly exposed to the conditions of 
individual street segments and may choose a longer route 
to obtain greater safety, comfort, or separation from 
traffic.

Bikeability [1] describes the extent to which the built and 
natural environment supports safe, comfortable, 
convenient, and attractive bicycle travel.



Introduction and background
Cities are increasingly promoting cycling to reduce car 
dependence, emissions, congestion, and public-health 
burdens.

Why cycling infrastructure needs better evaluation

Where to improve infrastructure

• Most likely to change travel behavior

• Most cost-efficient



Aim and research questions

To understand the effects of infrastructural changes (bikeability imporvements) in faciliating 
modal shift.

- Using open source tools, e.g. NetAScore and MATSim.
- Developing decision support tools mid sized towns, e.g. Eskilstuna.
- For evidence based targeted sustainable transport policy planning.

Research questions

• How do different infrastructure improvement strategies affect simulated bicycle mode 
share?

• Which strategy produces the greatest mode shift toward cycling under comparable 
investment assumptions?

• How to integrate bicycle network and infrastructural measures directly into MATSim to 
simulate cycling behaviour realistically?



Overall framework 

Network with bikeability Travel plan of whole population

Figure 1 policy evaluation tool framework 

Baseilne calibration

Scenario test



Network preparation – bikeability calculation
NetAScore [2] is a toolbox for assessing bikeability and 
walkability using network datasets. 

• Opensource

• Network from OpenStreetMap

• Visualization in QGIS (gpkg)

• Allowing customization and modifying parameters

Figure 2 Netascore bikeability example map



Network preparation – bikeability calculation
Customized calculation:
1. Customized attributes
2. Customized corresponding weight 
3. weighted sum.

 

Table 1 Eskilstuna bikeability indicators [3]



Bicycle network generator

•Link-Based Dynamics: Speed/ route choice 
could be affected by link attributes

•DEM: impact from slops

•Customizable Scoring: Enables specific 
penalties for cycling 

Network/ level of 
service

Link 
attributes

DEM

bikability

Bicycle 
network 
generator

Simulate bike trips in MATSim – bicycle extension[4]

Figure 3 bicycle network construction 



Network and travel plan
• Total travel plan: from 55,775 agents, 132,272 trips

• Selected: 30% population, 16,732 agents, 39,967 trips

• 118 zones with population among 120 traffic zones
Figure 3 Eskilstuna traffic zone map

Figure 4 Eskilstuna bikeability spatial distribution Figure 5 Eskilstuna bikeability value distribution



mode constant (util) travel time utility (util/h) distance utility (util/m) monetary rate (util/m)
car -2 -6 −2.5×10^(−4) −1.5×10^(−4)

bicycle 1.5 -6 −1×10^(−4) 0
walk 0 -6 −5×10^(−4) 0

transit -1 -6 −4×10^(−4) −0.5×10^(−4)

Baseline scenario calibration
Calibration: mode share with Eskilstuna travell survey report

Figure 6 Eskilstuna travel survey mode share Figure 7 Baseline model mode share

Table 2 mode parameters

Most of the travle utility for bike is 
included in accessibility marginal 
utility 



Bike trip distribution

Total links: 611441,
Links with bike/ car usage: 186060,

Links with bike usage: 32834,

 5.37% of the total links are used by bikes

Links with bike usage

Links without bike usage

7km

Thorshälla

Eskilstuna C



Scenario deisgn
• Four quartiles: ranging from poor to excellent bikeability with the same length

• S1: upgrading the lowest-bikeability links

• S2: strengthening already high-quality

• S3: improving a randomly selected set of links as a comparison case

• S4: Prioritizing the most frequently used links. In each scenario, improvements are 
represented by modifying the

Table 2 bikeability quartiles in Eskilstuna



Mode share change
• S1: improve poor

• S2: enhance good

• S3: random

• S4: most used

s1 s2

s3 s4

Figure 8 mode share change by scenario



Mode-switched trip distribution

Figure 9 switched car trip distribution Figure 10 remained car trip distribution



Travel distance chenge
• The best cycling policy (focusing on the most used ones/ main roads) is not just the one 

increasing bike trips, but also the one replacing the intended modes, especially short car trips.

Figure 11 biking distance distribution by scenario Figure 12 average travel distance ny mode
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Travel distance chenge

scenario
group Baseline distance km Scenario distance km Distance change km

Baseline time 
min

Scenario time min Time change min

S1 changer 2.62 2.37 -0.25 6.02 11.63 5.61

S1 stayer 10.73 10.73 \ 21.21 21.37 \

S2 changer 2.88 2.65 -0.23 6.45 13.27 6.82

S2 stayer 10.69 10.69 \ 21.15 21.17 \

S3 changer 3.01 2.76 -0.25 6.75 13.78 7.03

S3 stayer 10.75 10.75 \ 21.26 21.26 \

S4 changer 3.74 3.57 -0.17 8.14 17.68 9.55

S4 stayer 12.12 12.11 \ 23.84 23.89 \

• Car to bike trip: trips with mode switch is shorter

Table 3 car-bike shift trips and average travel distance/ time



Travel distance & time chenge
Compare trips switched from car to 
bike:

• S1-S3: Most trips are less than 5 km

• S4: most trips are less than 7km

• S1-S3: Most time differences are 
less than 15 min

• S4: Most time differences are less 
than 20 min

Figure 13 travel distance and time change of switched trips

S4 (Improving most used links) 
is the most efficient way

?



Effect from changing route?
Hypothesis: not enough agents test the improved links in S1-3, resulting in lower mode 
change rate

Replanning strategy:

• 300 iterations learning rate 0.8

• Plan Selector 0.45

• Plan Mutator (mode) 0.45

• Plan Mutator (route) 0.1

Table 4 MATSim setup

bicycle car transit walk

0.1 s1 21.92% 67.78% 6.38% 3.93%

0.45 s1 22.13% 68.25% 5.87% 3.76%

0.1 s2 19.11% 68.10% 6.82% 5.96%

0.45 s2 19.14% 68.78% 6.27% 5.81%

Table 5 comparison – rerouting stragety

0.45
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Conclusion 
The framework helps identify not only where bikeability is low, but which improving strategy is 
most efficient in changing travel behavior.

• Promoting biking infrastructure contributes to increasing long distance bike trips

• Bike trips and increased bike trips are concentrated around Eskilstuna city center

• Compared to strategies based on original infrastructure, improving most used links is more 
efficient for improving biking rate

• Contributions

• Links NetAScore bikeability assessment with MATSim bicycle simulation.

• Evaluates alternative cycling infrastructure scenarios using a common activity-based demand 
model.

• Mode-shift-focused indicators support more targeted cycling infrastructure planning.



Limitation 
• Clearer breakdown of bikeability weights & implementation.

• Calibration data limitations (Need for observed bicycle counts/GPS validation)

• Data in city outskirts (travel survey and road parameter)
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Thank you!


