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Mobility tools

• Means to achieve mobility: Shoes, bicycles, motorbikes, driving 

licence, cars, public transport tickets, subscription to public 

transport etc. (Bundesamt für Raumentwicklung ARE, 2006)

• We focus on cars and season-ticket as both usually require 

large upfront investments

• Second important factor in choice: Travel time – but how to deal 

and explain choices in RP census data with travel time?



Accessibility
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• Concept of accessibility

• “Generalization of the population-over-distance relationship” 

(Hansen, 1959)

• “Accessibility can also be seen as an interface between 

(urban) economy and (transport) geography” (Crozet et al., 

2012) 

• Households chose resident locations following their demand of 

accessibility (Kitamura et al., 2001; Axhausen and König, 2001)

• Long-term benefits of travel time savings (Metz, 2008)

• Measure of the generalized cost of travel (Weis and Axhausen, 

2009)

• Positive relationship with agglomeration benefits (Axhausen et 

al., 2015)



Accessibility and mobility tool ownership
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• Travel variables are generally inelastic with respect to change in 

measures of the built environment. vehicle miles traveled is most 

strongly related to measures of accessibility to destinations (Ewing and

Cervero, 2010)

• Greater levels of public transport accessibility reduce ownership of a 

second/ third car per household (Van Eggermond et al., 2016) but also 

distance to the nearest bus stop (Kim and Kim, 2004)

• Accessiblity is a measure of the generalized cost of travel (Weis and

Axhausen, 2009)

Hypothesis: Travelers chose the mobility tools at comparative 

lower generalized cost of travel, i.e. greater levels of accessibility



Data
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Household data

Micro-census mobility 2010 by 

Bundesamt für Statistik BFS and

Bundesamt für Raumentwicklung 

ARE (2012).

• Socio-demographic variables: 

income, employment status, 

gender, education level

• Car availability

• GA (national-wide season-

ticket) ownership

• Local season-ticket ownership

Accessibility data

• Hansen’s definition of 

accessibility at municipality 

level by Axhausen et al. (2015)

• Spatial typology (Bundesamt

für Raumentwicklung ARE et 

al., 2011)

• Local access to public 

transport: Five level scale from 

none, D to A (best) provided 

by Bundesamt für

Raumentwicklung ARE (2011).

• Household’s distance to the 

center of the municipality

• Log of employment in resident 

municipality



Note to accessibility computation
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Accessibility to employment by public transport
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Method: Bivariate probit
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• Strong negative correlation between car and season-ticket 

ownership: Distinct modeling of ownership of car ownership 

and season-ticket ownership does not cover the choice

• Bivariate probit models capture this correlation directly (Green, 

1996):

• 𝑧1 =  𝑘 𝛽𝑘1𝑥𝑘1 + 𝜀1
• 𝑧2 =  𝑘 𝛽𝑘2𝑥𝑘2 + 𝜀2
• With bivariate and normal distributed errors: 

• 𝜀1, 𝜀2 ~𝑁(
0
0

1 𝜌
𝜌 1

)

• Extension to multivariate probit models is possible: In this 

case, GA and local season-ticket are exclusive choices with 

zero correlation imposing convergence difficulties to the log 

likelihood function



Procedure: Principal component analysis
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POP_PRV 1 0.741 0.983 0.754

POP_PUB - 1 0.703 0.996

EMP_PRV - - 1 0.725

EMP_PUB - - - 1

PC1 PC2 PC3 PC4

POP_PRV 0.973 -0.217 -0.078 0.008

POP_PUB 0.944 0.327 -0.022 -0.028

EMP_PRV 0.966 -0.252 0.063 -0.007

EMP_PUB 0.948 0.315 0.027 0.026

Correlation of accessibility variables

Correlation of accessibility variables and principal components

Computed accessibility variables

•To population by private mode

•To population by public mode

•To employment by private mode

•To employment by public mode

But they show high degree of 

correlation: Carry out a principal 

component analysis to remove 

multicollinearity (Jolliffe, 2002):

•PC1: General levels of accessibility

•PC2: Better access by public transport

•PC3: Better access to employment

•PC4: omitted



Sample statistics
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Results: GA and car
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Results: Season-ticket and car
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Computation of elasticities
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What is the effect of travel time changes / accessibility changes on 

the mobility tool choice? 

Problem: Elasticities cannot be directly be derived as there are no 

βs for the four accessibility variables

Use factor loading matrix to transform incremental changes

from the sample mean of each of the four accessibility

variables and simulate the effect on the choice probability



Elasticities: Simulation results
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Summary of findings
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• Results are intuitive and supporting the hypothesis. Better 

access by public transport increases the probability of 

opting for the season-ticket, better access by private 

transport car availability. Better access to employment 

favors public transport.

• Choices in the countryside exhibit only marginal influence 

of accessibility

• GA tends to be more substitute of a car than a season-ticket

• Local access to public transport shows significant 

influence on local season-ticket but not on the GA: 

Emphasizing the long-commuting characteristic of the GA



Problems
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• Validity of linear transformation and 

simulation of elasticities?

• Possibility to incorporate the three choices 

within a multivariate probit? 
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