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 Substituting car trips with cycling could improve sustainability, but 

how much driving could be replaced and who could replace it most?

 With Finnish national travel survey data from 2016, we
• formed traveller segments

• estimated the quantity of single-occupancy car trips that could be cycled

 Aim to identify most promising traveller segments for modal shifting

Introduction
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 Segmentation is based on the random forest and hierarchical 

clustering algorithms

 The random forest is essentially a set of decision trees that try to 

predict whether a respondent is a regular cyclist
• Trees attempt to iteratively sort respondents as cleanly as possible into 

groups based on predictor variables

 Each tree considers information slightly differently (randomness), to 

iron out biases and prevent overfitting to data

Segmentation method 
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 The random forest tells us how similar or different each respondent is 

from each other in a distance matrix (n * n).
• Summarises distance between respondents based on number of times they 

ended up in the same final split.

• Intuition: Respondents with a similar tendency to be regular cyclists, as 

determined by their characteristics and the model, will have smaller distances. 

 Hierarchical clustering (average link) was used to extract groups from 

this matrix
• Average linkage was used, as it produced the most cohesive segments

 In summary, RF can be considered the “brain”, and clustering the 

“organiser” of the segmentation

Segmentation method 
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▪ Sociodemographic

▪ Age group

▪ Gender

▪ Primary activity (e.g., fully employed, student, unemployed)

▪ Level of education

▪ Possession of driver’s licence

▪ Household

▪ Number of members

▪ Income level

▪ Type of residence (e.g., flat, single-family home)

▪ Urban-rural classification of the home

▪ Travel

▪ Car availability

▪ Use of public transport at least 4–5 days per week

▪ Use of car at least 4–5 days per week

▪ Walking at least 4–5 days per week

Predictive variables in the model

Predictive accuracy of the model ~ 70 %
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 Using a random forest model to produce a distance matrix 

overcomes data type limitations
• Clustering typically requires numerical data, but surveys often rely on 

categorical information

 Use of random forest also allows us to guide the clustering
• Groups are formed relative to the tendency of respondents to be regular 

cyclists

 Random forests can understand non-linear relationships

Why bother with the random forest?
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Segments

Segment Size Proportion

1. Car-dependent residents of low-density areas 1,275,375 28.5%

2. Low-income retirees and unemployed persons 1,169,743 26.1%

3. Regularly walking motorists 532,980 11.9%

4. Public transport-reliant urban workers and students 343,269 7.7%

5. Working car-avoiding car owners 294,234 6.6%

6. Car-dependent urban residents 364,745 8.1%

7. Actively travelling workers and students 361,624 8.1%

8. Motorists with restricted car availability 137,297 3.1%

Segment sizes post-stratified with weights available in the data
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 Travel survey contains data of all travel occurring for a full day for each 

respondent

 In this study, we wanted to pay special attention to the effect of trip 

chains.

 The cyclability of a trip is influenced both by its own characteristics and 

the characteristics of other trips in the same chain.

Identifying cyclable car trips
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 A trip is considered cyclable if it is part of a home-to-home trip chain which:
• is travelled entirely by car without passengers

• Does not include chauffeuring, work-related (excluding commutes) or grocery 

shopping trips

• Each leg is a maximum of 5 kilometres

 Only considered travel during snow-free times of the year (April-October)

Criteria for cyclable car trips



Proportion of cyclable car trips per day
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1. Car-dependent residents of low-density areas

2. Low-income retirees and unemployed persons

3. Regularly walking motorists

4. Public transport-reliant urban workers and students
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5. Working car-avoiding car owners

6. Car-dependent urban residents

7. Actively travelling workers and students

8. Motorists with restricted car availability
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 Traveller segments differed by size, typical travel behaviour, level of 

urbanisation and socio-demographic characteristics
• RF was able to discern the varying circumstances affecting regular cycling

• Likely to respond differently to measures promoting cycling

 Several segments identified where all members were regular car users. 
• Together account for 52% of working-age or above population.

Discussion and conclusions
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 The share of cyclable car trips varied between segments, with car-

dependent urban residents accounting for the largest share

 However, the share of cyclable trips in all segments was quite low, 

and the total share of all car trips was around 7% (4% of all trips).
• Quite insignificant for emissions, but could have substantial health 

benefits

 Replacing car use with cycling in a routinised manner is hardly 

viable for most people
• Replacing car travel with cycling would require encountering replaceable 

trips often enough to establish a routine

Discussion and conclusions
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 The data is old! How can we say anything about cyclability today 

with data from almost 10 years ago?
• In the big picture, cycling behaviour has not changed very much since 

2016. Small-scale travel surveys (latest 2023), show that the modal 

share of cycling is approximately the same as in 2016.

 Cyclability criteria can be disputed: Not possible to accurately 

account for all possible factors. Can be considered an upper-

bound for cyclable car trips

Limitations and concerns
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