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Preface
This thesis fulfills the last requirements of my master Construction Management and Engineering at the
Eindhoven University of Technology. Thereby, this graduation project marks the end of my student life.
My dream was to become a dentist. The study to become a dentist had a numerus fixus. Unfortunately, I was
not admitted. After visiting a lot of information events, I decided to study civil engineering at Avans University
of Applied Sciences. Thereafter, I started my master Construction Management and Engineering. Although,
these two studies were not my aim, by not being admitted to the dentist program I may be fortunate. Both
studies are completed with great pleasure, I gained knowledge that I would not have wanted to miss.
The graduation committee of this project consisted of dr. ing. P.J.H.J. van der Waerden (first superviror), dr. ir.
P.E.W. van den Berg (second supervisor), and prof. dr. ir. B. de Vries (chairman).
I would like to thank the graduation committee and other people that helped me during the project. I would
like to thank some people in particular. The first person is Peter, who guided me enthusiastically during the
project. From coming up with a subject to completion of the research. Second are Jan-Jelle Witte and Peter
Jorritsma of the KiM (Netherlands Institute for Transport Policy Analysis), who supported me with the stated
choice data, feedback, and help. The third person is Ruben Dieten for using his stated choice data. Without
that data, the research would be more difficult and less realistic to conduct. Finally, I would like to thank my
family, friends, and classmates for the valuable distraction during the study.
Enjoy reading this report!

Tom Luites
Brakel, 2020

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
3 of 145

This page intentionally left blank.

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
4 of 145

Summary
Today’s population deals with various trends and challenges. Examples of these challenges are urbanization,
scarce natural resources, rising energy costs, shortage of space, increasing traffic congestion, and
environmental pollution. These trends force the population to rethink personal vehicle ownership and use.
One of the mentioned alternatives for personal vehicle ownership is car sharing. Individuals are able to satisfy
their need for mobility without owning a car by sharing a vehicle. Although, the number of shared cars and
the number of people that use a shared car are growing, the current use of car sharing in the Netherlands is
limited.
The willingness to use car sharing and the potential number of shared car trips are not clear. In addition, it is
not clear in which types of trips the transportation mode is likely to be replaced by a shared car, and how the
potential demand is distributed in the Netherlands. In addition, the willingness to use car sharing systems
whereby existing car owners make their vehicles available for others to rent (peer-to-peer car sharing) is not
clear.
The objective of this research is to provide insights into the willingness to use car sharing, the types of trips in
which the transportation mode is likely to be replaced by a shared car, and the distribution of the potential
demand in the Netherlands. By specifying and estimating discrete choice models, the factors that influence
the willingness are identified. Next, the discrete choice models are applied to mobility data to identify the
potential demand, it is researched in which types of trips the transportation mode is likely to be replaced by a
shared car. Finally, the distribution of the potential demand is plotted on maps. The research is based on two
data sources, stated choice data and mobility data.
A literature research is used to learn what car sharing is, the level of adoption of car sharing, the process of
choosing a transportation mode, motivations and obstacles to use car sharing, what is already known about
the potential demand, and the effects of car sharing on the society. It was found that, in general, people who
use car sharing are young, male, well-educated, and have a high income. Car sharing is used in the context of
diverse trip purposes. Of the built environment, density seems to be important for the adoption. Of the car
sharing system, price seems to be the most important attribute for the adoption. The importance of the sociodemographic characteristics, trip characteristics, built-environment characteristics, and characteristics of the
car sharing system for the adoption of car sharing are only limited researched together.
The main part of the research can be divided into three parts: model specification and estimation, model
application, and mapping the potential.
First, models are specified and estimated. Based on available stated choice data of Dieten (2015), several
discrete choice models are specified and estimated. In the current research, it is attempted to specify a
multinomial logit model, a latent class model, and a mixed logit model. Based on the performance of the
models, it is decided to use the mixed logit model for the application. This model estimates the probability
that a respondent would choose the available car sharing system for a trip, based on socio-demographic
characteristics of the respondent, trip characteristics, and characteristics of the car sharing system.
Characteristics of the built environment are researched but not included in the model since they show no
significance. A mixed logit model is specified for three trip purposes: work, shopping, and recreation. The
models show that respondents prefer a low price, a system where the car does not need to be returned to the
pick-up location, and a short walking distance to the location where the shared car is offered. Young
respondents prefer car sharing over older respondents. Respondents with a higher vocational or academic
educational level prefer car sharing over respondents with a basic, primary, or secondary (vocational)
educational level. Respondents without a car prefer car sharing more compared to respondents with a car,
and male respondents prefer car sharing more than the female respondents. For work and shopping trips, car
trips are more likely to be replaced by a shared car. For recreation trips, transportation modes other than cars
are more likely to be replaced by a shared car.
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Second, the estimated mixed logit models are applied on ODiN mobility data. For trips in the ODiN, the
probability that a respondent would use the available car sharing system is calculated. Only trips are
considered that match the sample selection, match one of the trip motives, and have a minimum trip distance
of 1 kilometer. The car sharing system that will be used to calculate the potential demand for car sharing costs
€ 0.3 per kilometer, the shared car should be returned to the pick-up location (thus not a free-floating
system), and the shared car is located within 5-minute walking distance.
After applying the models, it is researched which types of trips have a relatively high calculated probability. In
these types of trips the transportation mode is likely to be replaced by a shared car. It is found that in trips to
follow education, public transport trips, long distance trips, trips departing from an urban municipality, and
trips with multiple trip legs the transportation mode is likely to be replaced by a shared car.
Next, based on the departure location of the ODiN trips, the probabilities are plotted on a map. In addition,
the number of potential trips is calculated and plotted on a map. Based on the maps, it could be concluded
that the major urban municipalities have a relatively high potential for shared cars.
Based on the models and the maps, conclusions are presented. The objective of this research is to provide
insights into the willingness to use car sharing, the types of trips in which the transportation mode is likely to
be replaced by a shared car, and the distribution of the potential demand in the Netherlands. The calculated
potential shows that the willingness to use car sharing is large. It is calculated that of the trips where a
probability is calculated for, 67% of the respondents would use the available car sharing system for the trip.
As already described, the transportation mode of trips to follow education, public transport trips, long
distance trips, trips departing from an urban municipality, and trips with multiple trip legs are likely to be
replaced. The maps showed that major urban municipalities seem to have the highest potential. Besides these
findings, the research approach is highlighted. The willingness to use car sharing is studied based on several
aspects, stated choice data and mobility data is used, and the potential demand is calculated based on current
travel behaviour. The mentioned features make this research unique.
Finally, the discussion and recommendations are presented. Some points of discussion: it is not sure if
respondents did interpret the none alternative as ‘no preference for car sharing at all’ or as ‘no preference
regarding the presented car sharing systems’. This research focusses on transportation modes that could be
replaced by a shared car, changes in the number of trips an individual make are not considered.
Recommendations for practice are offer car sharing using the system that fit to the characteristics of the area,
focus on station-based car sharing instead of free-floating car sharing, policy makers could consider car
sharing as a genuine addition to the current transportation modes, the presented maps should be used to
search for potential successful locations for car sharing, and the presented maps should be used to search
locations where there is still some work to do to make car sharing successful. The recommendations for
further research are research how to improve the willingness of elderly and low-educated people to use car
sharing, research the unobserved sources of utility, consider interaction effects, and study the effects of car
sharing.
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Samenvatting
De huidige samenleving heeft te maken met verschillende ontwikkelingen en uitdagingen. Voorbeelden zijn
verstedelijking, schaarser wordende natuurlijke hulpbronnen, stijgende energiekosten, ruimtegebrek,
toenemende verkeersopstoppingen en milieuvervuiling. Deze ontwikkelingen dwingen tot een heroverweging
van het persoonlijk voertuigbezit en gebruik. Een van de alternatieven die genoemd wordt is autodelen. Door
een voertuig te delen, kan aan de behoefte van mobiliteit voldaan worden zonder er een te bezitten. Hoewel
het aantal deelauto's en het aantal mensen dat gebruik maakt van een deelauto toeneemt, is het huidige
gebruik in Nederland beperkt.
De bereidheid tot autodelen en het potentiele aantal deelauto trips zijn niet duidelijk. Bovendien is het niet
duidelijk van welk type verplaatsingen de vervoerswijze een hoge kans heeft vervangen te worden door een
deelauto, en hoe de potentiele vraag verdeeld is binnen Nederland. Daarbij is onduidelijk wat de bereidheid is
om te autodelen waarbij bestaande autobezitters hun voertuigen voor anderen beschikbaar stellen (peer-topeer autodelen).
Het doel van dit onderzoek is inzicht te geven in de bereidheid om gebruik te maken van autodelen, van welk
type verplaatsingen de vervoerswijze een hoge kans heeft vervangen te worden door een deelauto, en hoe de
potentiele vraag verdeeld is binnen Nederland. Met het specificeren en schatten van discrete keuzemodellen
worden de factoren die van invloed zijn op de bereidheid onderzocht. Vervolgens worden de modellen
toegepast op verplaatsingsgegevens om de potentie te onderzoeken en wordt onderzocht welk type
vervoerswijze een hoge kans heeft vervangen te worden. Tot slot wordt de distributie van de potentie in kaart
gebracht. Tijdens het onderzoek wordt gebruik gemaakt van twee databronnen, enquête data en
mobiliteitsdata.
Met behulp van literatuuronderzoek wordt onderzocht wat autodelen is, de huidige adoptie van autodelen,
het proces van het kiezen van een vervoerswijze, de motivaties en obstakels voor het gebruik van autodelen,
wat al bekend is over de potentiele vraag, en de effecten van autodelen op de maatschappij. Het blijkt dat, in
het algemeen, gebruikers van deelauto’s jong, man, hoogopgeleid zijn, en een hoog inkomen hebben.
Deelauto’s worden gebruikt voor uiteenlopende reisdoeleinden. Van de omgeving, lijkt de stedelijke dichtheid
een belangrijke eigenschap te zijn voor de adoptie. Van het deelauto systeem lijkt prijs het belangrijkste voor
de adoptie. Het belang van de persoonskenmerken, verplaatsingskenmerken, kenmerken van de gebouwde
omgeving en kenmerken van het autodeelsysteem voor de adoptie zijn ten opzichte van elkaar beperkt
onderzocht.
Het onderzoek kan worden onderverdeeld in drie stappen: modelspecificatie en modelschatting,
modeltoepassing en het in kaart brengen van het potentieel.
De eerste stap is de modelspecificatie en modelschatting. Gebaseerd op beschikbare conjuncte keuze data
van Dieten (2015) worden verschillende discrete keuzemodellen gespecificeerd. Er wordt geprobeerd een
multinomiaal logistisch regressie model, een latenteklassemodel en een mixed logit model te specificeren. Op
basis van de prestaties van de modellen is besloten om het mixed logit model te gebruiken tijdens de
modeltoepassing. Het model schat de kans dat een respondent het beschikbare deelsysteem kiest voor een
verplaatsing. De kans is gebaseerd op persoonskenmerken, verplaatsingskenmerken en kenmerken van het
deelsysteem. Kenmerken van de omgeving zijn onderzocht maar niet in het model opgenomen, omdat deze
geen significantie hadden. Een mixed logit model is gespecificeerd voor drie verplaatsingsmotieven: werk,
winkelen en recreatie. De modellen laten zien dat respondenten de voorkeur geven aan een lage prijs, een
systeem waarbij de auto niet teruggebracht hoeft te worden naar de plek waar deze opgehaald is en een
korte loopafstand tot de deelauto. Respondenten die een relatieve hoge bereidheid tot autodelen hebben:
zijn jong, hebben een hbo of wo diploma, hebben geen auto en zijn man. Voor werk- en winkelverplaatsingen
hebben autoritten de meeste kans vervangen te worden door een deelauto rit. Voor recreatieve
verplaatsingen is de kans groter dat andere vervoersmiddelen worden vervangen door een deelauto.
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Na het specificeren en schatten worden de mixed logit model toegepast op ODiN mobiliteitsdata. Voor
verplaatsingen in het ODiN wordt de kans berekend dat een respondent voor het beschikbare deelauto
systeem zou kiezen. Alleen verplaatsingen die passen bij de steekproefselectie, verplaatsingen met een van de
motieven waarvoor een model is geschat en met een minimale afstand van 1 kilometer worden beschouwd.
Het deelauto systeem dat wordt gebruikt voor het berekenen van de potentie kost €0,3 per kilometer, heeft
een vaste locatie en de deelauto bevindt zich op een loopafstand van 5 minuten.
Na toepassen van de modellen wordt onderzocht welke typen verplaatsingen een hoge berekende kans
hebben. In deze typen verplaatsingen hebben de vervoerswijze een hoge kans hebben om vervangen te
worden door een deelauto. Het blijkt dat in verplaatsingen om onderwijs te volgen, verplaatsingen met het
openbaar vervoer, langeafstandsverplaatsingen, verplaatsingen vertrekkend vanuit een stedelijke gemeente
en verplaatsingen bestaand uit meerdere ritten de vervoerswijze een hoge kans hebben om vervangen te
worden door een deelauto.
Vervolgens wordt op basis van de vertreklocatie van de ODiN-ritten de kansen in kaart gebracht. Daarnaast
wordt het potentiële aantal deelauto ritten berekend en op een kaart gepresenteerd. Op basis van de kaarten
kan geconcludeerd worden dat de grote stedelijke gemeenten een relatief groot potentieel hebben voor
deelauto’s.
Gebaseerd op de modellen en de kaarten zijn conclusies geformuleerd. Het doel van dit onderzoek is inzicht
te geven in de bereidheid om gebruik te maken van autodelen, van welk type verplaatsingen de vervoerswijze
een hoge kans heeft vervangen te worden door een deelauto, en hoe de potentiele vraag verdeeld is binnen
Nederland. Het berekende potentieel laat zien dat de bereidheid om gebruik te maken van autodelen groot is.
Het is berekend dat, van de beschouwde verplaatsingen, 67% van de respondenten van het beschikbare
deelauto systeem gebruik zou maken. Zoals eerder beschreven hebben de vervoerswijze van de volgende
verplaatsingen een hoge kans vervangen te worden door een deelauto: verplaatsingen om onderwijs te
volgen, verplaatsingen met het openbaar vervoer, langeafstandsverplaatsingen, verplaatsingen vertrekkend
vanuit een stedelijke gemeente, en verplaatsingen bestaand uit meerdere ritten. De kaarten laten zien dat
grote stedelijke gemeenten het grootste potentieel lijken te hebben. Naast deze conclusies wordt de
onderzoeksaanpak onder de aandacht gebracht. De bereidheid om een deelauto te gebruiken wordt
onderzocht op basis van verschillende aspecten, er wordt gebruik gemaakt van conjuncte keuze data en
mobiliteitsdata, en de berekeningen van het potentieel zijn gebaseerd op huidige reisgedrag. Deze genoemde
elementen maken dit een uniek onderzoek.
Tot slot worden de discussie en de aanbevelingen gepresenteerd. Enkele voorbeelden van discussiepunten:
het is niet zeker of de respondenten het ‘geen-alternatief’ interpreteren als ‘geen voorkeur om autodelen
überhaupt te gebruiken’ of als ‘geen voorkeur voor de gepresenteerde deelauto systemen’. Dit onderzoek
richt zich op verplaatsingen die vervangen worden door een deelauto verplaatsing, veranderingen in het
aantal ritten dat een individu maakt wordt niet beschouwd. Aanbevelingen voor de praktijk zijn: maak gebruik
van het deelauto systeem dat past bij de kenmerken van de omgeving, focus op een systeem waarbij de
deelauto teruggebracht moet worden waar deze opgehaald is, beleidsmakers kunnen deelauto’s beschouwen
als een serieus alternatief voor huidige vervoersmiddelen, de gepresenteerde kaarten kunnen gebruikt
worden om naar potentiele deelauto locaties te zoeken, en de kaarten kunnen gebruikt worden om te
onderzoeken op welke locaties er nog werk te doen is voor autodelen succesvol wordt. De aanbevelingen
voor verder onderzoek: onderzoek hoe de bereidheid van oudere en lager opgeleide verbeterd kan worden,
onderzoek de constante van het model, beschouw interactie-effecten en voer nader onderzoek uit naar de
effecten van autodelen.
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Abstract
Today’s population deals with various trends and challenges. These trends force the population to rethink
personal vehicle ownership and use. Car sharing is one of the alternatives mentioned as alternative for
personal vehicle ownership. Individuals are able to satisfy their need for mobility without owning a car by
sharing a vehicle. The willingness to use car sharing and the potential number of shared car trips are not clear.
In addition, it is not clear in which types of trips the transportation mode is likely to be replaced by a shared
car, and how the potential demand is distributed in the Netherlands. The research provides insights into the
willingness to use car sharing, the types of trips in which the transportation mode is likely to be replaced by a
shared car, and the distribution of the potential demand in the Netherlands. Mixed logit models are specified
and estimated based on stated choice data. Next, the models are applied on ODiN mobility data. By applying
the models, the probability that a respondent would choose a shared car for a trip is calculated. After applying
the models, it is researched in which types of trips the transportation mode is likely to be replaced by a
shared car. The distribution of the potential demand for car sharing is plotted on maps. In the mixed logit
models are included, a constant, price of the car sharing system, if the shared car should be returned to the
pick-up location, walking distance to the location where the shared car is offered, age of the respondent,
educational level of the respondent, car ownership of the respondent, gender, and trip mode. The car sharing
system that will be used to calculate the potential demand for car sharing costs € 0.3 per kilometer, the
shared car should be returned to the pick-up location, and the shared car is located within 5-minute walking
distance. It was found that in trips to follow education, public transport trips, long distance trips, trips
departing from an urban municipality, and trips with multiple trip legs the transportation mode is likely to be
replaced by a shared car. Finally, the maps show that, as stated before, major urban municipalities seem to
have a relatively high potential for shared cars.

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
9 of 145

This page intentionally left blank.

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
10 of 145

Table of contents
Preface

3

Summary

5

Samenvatting

7

Abstract

9

1
1.1
1.2
1.3
1.4
1.5

Introduction
Introduction to car sharing
Problem
Research objective
Research questions
Thesis outline

17
17
17
18
18
18

2
2.1
2.2
2.3
2.4
2.5
2.6

Literature research
Definition of car sharing
Current adoption and intention to adopt car sharing
Choice of a transportation mode in the case of car sharing
Motivations and obstacles to use car sharing
Potential demand and effects of car sharing
Conclusion

20
20
25
30
34
36
39

3
3.1
3.2
3.3
3.4
3.5
3.6
3.7

Research approach
Conceptual model
Research model
Available data and data preparation
Discrete choice models
Applying the model
Mapping the potential
Conclusion

40
40
41
42
47
50
52
52

4
4.1
4.2
4.3
4.4

Descriptive analysis and bivariate analysis
Sample description
Expected use of car sharing
Bivariate analysis
Conclusion

53
53
55
59
61

5
5.1
5.2
5.3
5.4
5.5

Model specification and estimation
Model 1 – Multinomial Logit model
Model 2 – Latent Class model
Model 3 – Mixed Logit model
Performance of the models
Conclusion

62
62
63
64
65
65

6
6.1
6.2
6.3
6.4

Model application
Model estimation
Trip selection
Calculated potential
Conclusion

66
66
68
70
74

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
11 of 145

7
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

Mapping the potential
Calculated probability of all researched trip motives
Calculated probability for work
Calculated probability for shopping
Calculated probability for recreation
Potential number of shared car trips of all researched trip motives
Potential number of shared car trips for work
Potential number of shared car trips for shopping
Potential number of shared car trips for recreation
Examples of insights based on the maps
Conclusion

75
76
77
78
79
83
84
85
86
87
89

8
8.1
8.2
8.3
8.4

Conclusion and discussion
Conclusions
Research question
Discussion
Recommendations

90
90
91
91
92

References
Appendices
Appendix I
Appendix II
Appendix III
Appendix IV
Appendix V
Appendix VI
Appendix VII
Appendix VIII
Appendix IX
Appendix X
Appendix XI
Appendix XII
Appendix XIII
Appendix XIV
Appendix XV
Appendix XVI

94
98
98
100
101
102
103
107
108
114
116
122
131
135
139
140
144
145

Characteristics influencing the willingness to use car sharing
Example of stated choice question
Explanation of the data preparation
Defined levels of education and income in both surveys
Comparison of trip characteristics
Current use of car sharing
Correlation between independent variables
NLOGIT 6 output discrete choice models
Detailed mixed Logit models
Calculated probabilities and Bonferroni test
Number of ODiN (CBS & RWS, 2018) trips
Calculated probabilities presented on a map
Possession of driving license per age group 2018
Potential number of trips presented on a map
Potential number of trips Heerhugowaard and Hollands Kroon
Characteristics respondents Heusden and Venray

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
12 of 145

List of figures
Figure 1: Visualization thesis outline. .................................................................................................................. 19
Figure 2: Types of car sharing systems. ............................................................................................................... 21
Figure 3: Differences between the traditional and peer-to-peer car sharing systems (Hogerheide, 2014) ....... 22
Figure 4: Relationship car sharing to other transportation modes (Millard-Ball et al., 2005). ........................... 23
Figure 5: Number of shared cars in the Netherlands adapted from CROW-KpVV (2019). ................................. 24
Figure 6: Distribution of distances travelled using a shared car (Jorritsma, Harms, & Beverling, 2015). ........... 26
Figure 7: Histogram over start of trips for Amsterdam for workdays and weekends (Sprei et al., 2019). ......... 27
Figure 8: The motorization rate (left) and adoption of car sharing (right) (Meelen et al., 2019). ...................... 28
Figure 9: Model of the use of and the interest in car sharing (Wilke & Bongardt, 2007). .................................. 31
Figure 10: Model of user adoption intention towards shared mobility (Lin & Chan, 2019). .............................. 32
Figure 11: Model of the role of providers and users in the diffusion of car sharing (Lindloff et al., 2014). ....... 33
Figure 12: The chasm in the model diffusion of innovation (Rogers, 2003)........................................................ 34
Figure 13: Most important point of improvement (ING, 2018). ......................................................................... 35
Figure 14: Multi-layered benefits of car sharing (Nawangpalupi & Demirbilek, 2008). ...................................... 37
Figure 15: Conceptual model. ............................................................................................................................. 40
Figure 16: Research model. ................................................................................................................................. 41
Figure 17: Effects coding format (Hensher et al., 2005). ..................................................................................... 46
Figure 18: Difference between trip and trip leg. ................................................................................................. 51
Figure 19: Expected use of car sharing. ............................................................................................................... 55
Figure 20: Expected use of car sharing in relation with car ownership............................................................... 55
Figure 21: Expected use of car sharing in relation with gender. ......................................................................... 56
Figure 22: Expected use of car sharing in relation with age. ............................................................................... 56
Figure 23: Expected use of car sharing in relation with educational level. ......................................................... 57
Figure 24: Expected use of car sharing in relation with income. ........................................................................ 57
Figure 25: Expected use of car sharing in relation with household size.............................................................. 58
Figure 26: Expected use of car sharing in relation with urbanity. ....................................................................... 58
Figure 27: Calculated probabilities per trip distance........................................................................................... 73
Figure 28: Map of the calculated probabilities of all researched trips. ............................................................... 76
Figure 29: Map of the calculated probabilities, work.......................................................................................... 77
Figure 30: Map of the calculated probabilities, shopping. .................................................................................. 78
Figure 31: Map of the calculated probabilities, recreation. ................................................................................ 79
Figure 32: Population and potential users in the municipality of Eindhoven. .................................................... 81
Figure 33: Number of trips in the municipality of Eindhoven. ............................................................................ 82
Figure 34: Map of the potential number of shared car trips of all researched trip motives. ............................. 83
Figure 35: Map of the potential number of shared car trips, work..................................................................... 84
Figure 36: Map of the potential number of shared car trips, shopping. ............................................................. 85
Figure 37: Map of the potential number of shared car trips, recreation. ........................................................... 86
Figure 38: Map of the potential number of trips, municipalities of Heerhugowaard and Hollands Kroon. ....... 87
Figure 39: Map of the potential number of trips, municipalities of Heusden and Venray. ................................ 88
Figure 40: Example of a question in the stated choice experiment (Dieten, 2015). ......................................... 100
Figure 41: Reported current use of car sharing. ................................................................................................ 107
Figure 42: Map of the number of ODiN (CBS & RWS, 2018) trips, total............................................................ 131
Figure 43: Map of the number of ODiN (CBS & RWS, 2018) trips, work. .......................................................... 132
Figure 44: Map of the number of ODiN (CBS & RWS, 2018) trips, shopping. ................................................... 133
Figure 45: Map of the number of ODiN (CBS & RWS, 2018) trips, recreation. ................................................. 134
Figure 46: Plotted calculated probability, of all researched trips. .................................................................... 135
Figure 47: Plotted calculated probability, work. ............................................................................................... 136
Figure 48: Plotted calculated probability, shopping.......................................................................................... 137
Figure 49: Plotted calculated probability, recreation. ....................................................................................... 138
Figure 50: Plotted potential number of shared car trips, total. ........................................................................ 140
Figure 51: Plotted potential number of shared car trips, work. ........................................................................ 141
Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
13 of 145

Figure 52: Plotted potential number of shared car trips, shopping. ................................................................. 142
Figure 53: Plotted potential number of shared car trips, recreation. ............................................................... 143

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
14 of 145

List of tables
Table 1: Car sharing providers in the Netherlands (CROW-KpVV, 2019). ........................................................... 24
Table 2: Cost comparison (Milieu Centraal, n.d.). ............................................................................................... 35
Table 3: Attributes and attribute levels in the stated choice experiment, adapted from Dieten (2015). .......... 43
Table 4: Overview of available data .................................................................................................................... 45
Table 5: Description of the samples of Dieten (2015) and of the ODIN (CBS & RWS, 2018)............................... 54
Table 6: Correlation socio-demographic characteristics. .................................................................................... 59
Table 7: Correlation trip characteristics. ............................................................................................................. 59
Table 8: Correlation built environment characteristics. ...................................................................................... 60
Table 9: Correlation car sharing system characteristics. ..................................................................................... 60
Table 10: Part-worth utilities multinomial logit model. ...................................................................................... 62
Table 11: Part-worth utilities mixed logit model. ................................................................................................ 64
Table 12: Log-likelihood ratio test. ...................................................................................................................... 65
Table 13: Mc Fadden’s rho square test. .............................................................................................................. 65
Table 14: Mixed logit models part-worth utilities. .............................................................................................. 67
Table 15: Log-likelihood ratio test mixed logit models. ...................................................................................... 68
Table 16: Mc Fadden’s rho square test mixed logit models. ............................................................................... 68
Table 17: Specified models - ODiN trip motives. ................................................................................................. 69
Table 18: Car trips to trip distance. ..................................................................................................................... 69
Table 19: Specified models - ODiN trip motives – number of ODiN (CBS & RWS, 2018) trips. ........................... 70
Table 20: Example of a utility calculation. ........................................................................................................... 70
Table 21: Calculated probabilities per trip motive. ............................................................................................. 72
Table 22: Calculated probabilities per main transportation mode trip............................................................... 72
Table 23: Calculated probabilities per trip distance. ........................................................................................... 73
Table 24: Calculated probabilities per urbanity residential municipality............................................................ 73
Table 25: Calculated probabilities per departure location trip. .......................................................................... 74
Table 26: Calculated probabilities per number of trip legs. ................................................................................ 74
Table 27: Number of trips per 1000 persons per trip motive (CBS &RWS, 2018). .............................................. 81
Table 28: Potential number of shared car trips, municipalities of Heusden and Venray. ................................... 88
Table 29: Characteristics influencing the willingness to use car sharing. ........................................................... 98
Table 30: Example answers of a respondent..................................................................................................... 101
Table 31: Example data preparation. ................................................................................................................ 101
Table 32: Defined categories educational level by Dieten (2015) and by CBS & RWS (2018)........................... 102
Table 33: Defined categories income by Dieten (2015) and by CBS & RWS (2018). ......................................... 102
Table 34: Reported trip frequency. ................................................................................................................... 103
Table 35: Comparison reported trip distance. .................................................................................................. 104
Table 36: Comparison reported trip duration. .................................................................................................. 105
Table 37: Comparison reported trip mode........................................................................................................ 106
Table 38: Socio-demographic variable names................................................................................................... 108
Table 39: Trip variable names. .......................................................................................................................... 108
Table 40: Built environment variable names..................................................................................................... 109
Table 41: Car sharing system variable names. .................................................................................................. 109
Table 42: Correlation table socio-demographic characteristics. ....................................................................... 110
Table 43: Correlation table trip characteristics. ................................................................................................ 111
Table 44: Correlation table characteristics of the built environment. .............................................................. 112
Table 45: Correlation table characteristics of car sharing system..................................................................... 113
Table 46: Part-worth utilities model work......................................................................................................... 116
Table 47: Part-worth utilities model shopping. ................................................................................................. 118
Table 48: Part-worth utilities model recreation. ............................................................................................... 120
Table 49: Calculated probabilities per trip motive and Bonferroni test. ........................................................... 122
Table 50: Calculated probabilities per trip mode and Bonferroni test.............................................................. 123
Table 51: Calculated probabilities per trip distance and Bonferroni test. ........................................................ 125
Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
15 of 145

Table 52: Calculated probabilities per urbanity residential municipality and Bonferroni test. ........................ 128
Table 53: Calculated probabilities per departure location trip and Bonferroni test. ........................................ 129
Table 54: Calculated probabilities per number of trip legs and Bonferroni test............................................... 130
Table 55: Possession of driving license 1 January 2018 (CBS, 2018d). .............................................................. 139
Table 56: Calculation potential number of trips, municipalities Heerhugowaard and Hollands Kroon. ........... 144
Table 57: Average age of the respondents, municipalities Heusden and Venray. ............................................ 145
Table 58: Educational level of the respondents, municipalities Heusden and Venray. .................................... 145
Table 59: Car ownership of the respondents, municipalities Heusden and Venray. ........................................ 145
Table 60: Gender of the respondents, municipalities Heusden and Venray..................................................... 145
Table 61: Main transportation mode of the trips, municipalities Heusden and Venray. .................................. 145

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
16 of 145

1

Introduction

1.1

Introduction to car sharing

Today’s population deals with various trends and challenges. Examples of these challenges are urbanization,
scarce natural resources, rising energy costs, shortage of space, increasing traffic congestion, and
environmental pollution. These trends force the population to rethink personal vehicle ownership and use (
Rickenberg, Gebhardt, & Breitner, 2013). One of the alternatives for personal vehicle ownership mentioned
by Rickenberg et al. (2013) is car sharing. Car sharing provides people access to a car without owning a car.
The concept of car sharing is simple. Members of a car sharing organization have access to a fleet of cars that
is connected to that organization. Many forms of car sharing exist. Examples of car sharing forms:
membership of an organization could be paid or free, the organization could be a company with a fleet of cars
or a private person renting out a car, the costs could be based on a price per kilometer or a price per hour.
By sharing a vehicle, individuals are able to satisfy their need for mobility without owning a car. Rickenberg et
al. (2013) showed if someone is, for instance, at work the car could be used by someone else. Car sharing can
satisfy the same transport demand with fewer vehicles. Münzel, Boon, Frenken, Blomme, & van der Linden
(2020) stated that car sharing could decrease the demand for cars, decrease the demand for parking,
decrease emissions, and thus could provide a more sustainable individual transportation method.
Although, the number of shared cars and the number of people that use a shared car are growing, the current
use of car sharing in the Netherlands is limited. Early 2019, about 51,000 shared cars were available in the
Netherlands (CROW-KpVV, 2019). Furthermore, 515,000 people use car sharing in the Netherlands (CROWKpVV, 2019). For Dutch people the main features of a car sharing system to consider the use of car sharing are
low costs and convenience. The convenience of a shared car is encouraged by a short walking distance to the
location where the shared car is offered, free to choose pick up and drop off location of the shared car, the
ability to reserve a car in advance, and pre-reserved parking spaces (Dieten, 2015).

1.2

Problem

The current use of car sharing is clear. However, the willingness to use car sharing, the potential number of
shared car trips, and the distribution of the potential demand are not clear. Jorritsma, Harms, & Berveling
(2015) estimated a customer potential of 10% of the Dutch population and car sharing would result in a
reduction of approximately 0.5% to 1% car kilometers by 2020 in the Netherlands. However, this conclusion
does not take individual preferences and characteristics into account. Furthermore, the findings are based on
a retrospective survey that could be inaccurate due to underreporting of respondents. Moreover, the study of
Jorritsma et al. (2015) provides only limited insights in which types of trips the transportation mode is likely to
be replaced by a shared car, and how the potential demand is distributed in the Netherlands. Other studies
even suggested that car sharing could attract users of public transport and that car sharing is not as
sustainable as it is considered. In addition, Liao, Molin, Timmermans, & van Wee (2020) stated that not all car
sharing systems may be feasible or profitable in rural areas. However, people living in rural areas seem to be
as interested in car sharing as people from urban areas. Therefore, it is important to research the willingness
of people, in particular in rural areas, to use systems whereby existing car owners makes their vehicles
available for others to rent (peer-to-peer car sharing) (Liao et al., 2020).
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1.3

Research objective

The objective of this research is to provide insights into the willingness to use car sharing, the types of trips in
which the transportation mode is likely to be replaced by a shared car, and the distribution of the potential
demand in the Netherlands. By specifying and estimating discrete choice models, the factors that influence
the willingness are identified. Next, the discrete choice models are applied to mobility data to research the
potential demand. Finally, the distribution of the potential demand is plotted on maps. These insights are
necessary to determine if an available car sharing system will be used, which transportation modes are likely
to be replaced by a shared car, and where car sharing should be offered. All parties involved in car sharing
such as car sharing organizations, municipalities, and consultancy firms could use these insights. Insights in
the factors that influence the potential demand could be used to respond better to the needs of potential
users. Insights in the potential demand could be used to clarify the potential shift in transportation mode. It is
better possible to judge if car sharing is indeed an alternative for privately owned cars and thus a potential
solution for various sustainability problems. In addition, it is noteworthy that the research is based on stated
choice data and mobility data. Models are specified and estimated using available stated choice data. Next,
the estimated models are applied to mobility data. The stated choice data was used to research preferences
regarding the characteristics of a car share system and can be used very well to identify the potential demand.
Creating new data by using, for example, a survey is expressly not part of the research.

1.4

Research questions

In this section research questions are formulated. Answering these research questions contributes to
achieving the research objective.
Main research question:
• How can the potential demand for car sharing in the Netherlands be calculated and visualized?
Some sub-questions are formulated. These sub-questions contribute to answering the main research
question.
Sub research questions:
• Which data and model types are available to calculate the potential demand for car sharing?
• Which attributes are important when calculating the potential demand for car sharing?
• Which data can be used to map the potential demand for car sharing in the Netherlands?

1.5

Thesis outline

In this first chapter, the research was introduced. The research problem, objective of the research, and the
research questions were presented. In the next chapter, chapter 2, the results of the literature research are
described. It is researched what car sharing is, the current adoption of car sharing, the process of choosing a
transportation mode, motivations and obstacles to use car sharing, the potential demand for car sharing, and
finally the effects of car sharing on the society. The adopted research approach is presented in chapter 3. The
used data, various types of discrete choice models, how the models are applied, and how the results are
plotted on a map will be described. Chapter 4 mainly consists of descriptive and bivariate analysis. In chapter
5, it is attempted to specify three model types: a multinomial logit model, a latent class model, and a mixed
logit model. After specifying these models, the performance of the models is compared. Next, in chapter 6,
the best performing model type is used to research the types of trips in which the transportation mode is
likely to be replaced by a shared car. In chapter 7, the distribution of the potential is plotted on maps. Next,
the conclusions and discussion are presented in chapter 8. Finally, the references and appendices are
included. This thesis outline is visualised in Figure 1.
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• Introduction
• Literature research
• Research approach
• Descriptive analysis and bivariate analysis
• Model specification and estimation
• Model application
• Mapping the potential
• Conclusion and discussion
• References + appendices

Figure 1: Visualization thesis outline.
During this research, stated choice data of Dieten (2015) is used. Part of the survey of Dieten (2015) is a
stated choice experiment. Four differences between the study of Dieten (2015) and this research are listed.
(1) Dieten (2015) specified only a multinomial logit model to research the preferences regarding the car
sharing system. In this research it is attempted to specify and estimate a multinomial logit model, a latent
class model, and a mixed logit model. (2) Dieten (2015) only included characteristics of the car sharing system
in the modelling process. In this research it is attempted to include socio-demographic characteristics of the
respondent, trip characteristics, characteristics of the car sharing system, and built-environment
characteristics. (3) The data was collected using a choice set with 3 alternatives (sharing system 1, sharing
system 2, none). Dieten (2015) specified the models to use in a choice set with 3 alternatives. In this research,
the model will be applied in a setting with 2 alternatives (sharing system, none), the data should be prepared
to consider this effect. (4) In this research, the models will be applied on mobility data. Dieten (2015) did not
apply the models so extensive.
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2

Literature research

In this chapter, the results of the literature research are presented. First, general information about car
sharing is given covering the history, different systems, and growth. Next, research on the current adoption of
car sharing is introduced, to describe the socio-demographic characteristics of users, trip characteristics of
shared car trips, characteristics of the built environment where car sharing is successful, and characteristics of
the car sharing system influencing the adoption. Next, the choice of a transportation mode is described,
including models describing the process of decision making. Thereafter, the potential demand for and effects
of car sharing are presented. Finally, the conclusions of this literature research are presented.

2.1

Definition of car sharing

A definition of the sharing economy is “an economic system in which assets or services are shared between
private individuals, either free or for a fee, typically by means of the Internet” (Stevenson & Lindberg, 2011).
Meelen & Frenken (2015) define the sharing economy as “consumers granting each other temporary access to
their under-utilized physical assets (“idle capacity”), possibly for money”. Car sharing is considered as one of
the prime symbols of the sharing economy (Habibi, Davidson, & Laroche, 2017). By sharing a vehicle,
individuals are able to satisfy their need for mobility without owning a car (Rickenberg et al., 2013).
2.1.1
History of car sharing
Car sharing in Europe began with a cooperative in Zurich, Switzerland (Shaheen & Cohen, 2007). This
cooperative, Sefage (Selbstfahrergemeinschaft), initiated services in 1948 and remained in operation until
1998. Membership in the cooperative was mainly motivated by economics. Members could not afford to
purchase a vehicle, instead they shared one. Other shared-cars experiments in Europe mentioned by Shaheen
& Cohen (2007) are Procotip (France, 1971 to 1973), Witkar (Amsterdam, Netherlands, 1974 to 1988), Green
Cars (Great Britain, 1977 to 1984), Bilpoolen (Lund, Sweden, 1976 to 1979), Vivallabil (Orebro, Sweden, 1983
to 1998), and Bilkooperativ (Gothenburg, Sweden, 1985 to 1990). Experience with car sharing in North
America began with two experiments. Mobility Enterprise (a Purdue University research program, 1983 to
1986) and the Short-Term Auto Rental (STAR) demonstration (San Francisco, California, 1983 to 1985)
(Shaheen & Cohen, 2007).
The car sharing services were subjected to experimentation and closure (Shaheen & Cohen, 2007). More
successful car sharing experiences began in the late 1980s. Successful organizations started in Switzerland
(Lucerne and Zurich, 1987) and Germany (Berlin, 1988). These organizations are recognized as modern
pioneers of car sharing. Although the organizations were founded only one year apart, they evolved
independently and quite differently (Shaheen, Sperling, & Wagner, 1999). The non-profit organization
‘Mobility CarSharing Switzerland’ expanded car sharing throughout neighborhoods and transit stations. The
German organization ‘Stadtauto Drive’ was launched as a research project to demonstrate that car sharing
could offer a viable transportation alternative. Car sharing grew slowly, but continuously, in the 1990s and
early 2000s. The introduction of free-floating car sharing in 2008 and the introduction of P2P car sharing
around 2010 brought a significant rise in car sharing supply and user numbers (Münzel, Piscicelli, Boon, &
Frenken, 2019). In the next paragraph, these systems are described.
Shaheen & Cohen (2007) stated that a characteristic pattern has evolved in the expansion of shared vehicles.
In new markets, early car sharing innovators aim to exhibit operations and technologies in temporary
demonstration projects. As these markets mature, the demonstration projects are replaced with permanent
services. Between the demonstration projects and permanent services, car sharing sometimes disappears for
some time.
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2.1.2
Car sharing systems
Various classifications of car sharing systems are defined in the literature. Münzel, Boon, Frenken, Blomme, &
van der Linden (2019) define car sharing systems based on the business models of the providers. Millard-Ball,
Murray, Ter Schure, Fox, & Burkhardt (2005) defines car sharing systems based on the organizational form of
provider. CROW-KpVV (2019) defined car sharing systems based on the car fleet of the provider. Based on
these classifications, the fundamental systems are defined and presented in Figure 2.

Car sharing
systems

B2C
Business-toConsumer
RT
Round-Trip

P2P
Peer-to-Peer

OW
One-Way

RT
Round-Trip

Figure 2: Types of car sharing systems.

Members of a car sharing organization could use cars that are connected to that organization. The
organizations use different systems. As shown in Figure 2, the difference between the car sharing systems is
mainly based on the Business-to-Consumer or Peer-to-Peer option. The characteristics of both systems are
described below.
• Business-to-Consumer (B2C), also known as traditional car sharing, in this system a car sharing organization
owns a fleet of cars. This fleet of cars is rented out to the members of the organization. MyWheels is an
example of a well-known B2C system in the Netherlands. The B2C system is based on a Round-Trip (RT)
system or a One-Way (OW) system. In a Round-Tip system, the cars must be returned to the same spot as
where they were rented from. The first car sharing organizations were based on the B2C RT system. In a
One-Way system, the cars are not necessarily returned to the same spot as where the trip started. The cars
can be dropped off anywhere in a designated city area (free-floating) or at a different station of the provider
(station based).
• Peer-to-Peer (P2P), car owners rent out their own car to other individuals. P2P car sharing is only operated
in a Round-trip manner as the car is picked up from and returned to the car owner. The P2P system could be
based on car sharing platforms or local communities. On car sharing platforms, car owners can rent out
their own car to individuals (“peers”). The open platform takes a fee for matching supply and demand and
usually offers additional services like insurances. SnappCar is an example of a well-known P2P system in the
Netherlands. Local communities are local initiatives in which groups of individuals share one or more cars.
These local communities are usually fixed groups of individuals who share all the costs together. These local
communities share a car without using a platform.
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The main differences between the fundamental car sharing systems are shown in Figure 3.

Figure 3: Differences between the traditional and peer-to-peer car sharing systems (Hogerheide, 2014)

Many variants and mixed forms of the systems are possible (CROW-KpVV, 2019). Some P2P platforms offer
vehicles without key exchange, by installing board-computers in the privately-owned cars. Blurring business
models with new hybrid forms, offering both privately-owned and business-owned cars are observed by
Münzel, Piscicelli, Boon, & Frenken (2018).
Another business model mentioned by CROW-KpVV (2019) is business car sharing. Business car sharing is also
known as Business-to-Business (B2B) sharing. Business car sharing facilitates the sharing of vehicles for
employees of a single company. The B2B and B2C systems each have their own peak times, these markets are
therefore easy to combine (CROW-KpVV, 2019).
The difference between the usage of the systems is summarized by Deloitte (2017). B2C Round-Trip systems
are mostly used for longer drives and tend to substitute rental cars or (second) car ownership. B2C freefloating models are mostly used for short trips and compete with taxis and new mobility providers such as
Uber. Compared to round-trip systems, free-floating systems have higher prices but provide more flexibility.
P2P sharing is mostly used for longer distances as compared to traditional car sharing and is an alternative to
short-term car rental or carpooling. Pricing of P2P car sharing is mostly based on a daily tariff while the pricing
of B2C is mostly based on a price per kilometer and/or per time period.
It should be noted that according to the definition of Meelen & Frenken (2015) business-to-consumer services
are not part of the sharing economy since these cars are not owned by the consumers. Instead, Meelen &
Frenken (2015) refer to business-to-consumer services with terms as “access-based consumption” or
“collaborative consumption”. Peer-to-peer systems are according to the definition of Stevenson & Lindberg
(2011) and according to the definition of Meelen & Frenken (2015) part of the sharing economy.
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Figure 4 shows how car-sharing relates to other transportation modes. According to the figure, car sharing
provides options for mid-distance trips where flexibility is required (Millard-Ball et al., 2005).

Figure 4: Relationship car sharing to other transportation modes (Millard-Ball et al., 2005).

Millard-Ball et al. (2005) stated that rental cars are closest substitutes of car sharing. Three characteristics of
shared cars that distinguish them from rental cars are short-term rentals, a decentralized self-accessing
network of vehicles; and the bundling of gasoline and insurance into rates. The characteristics of rental cars:
centralized facilities, require a staff member to check out the vehicle, and minimum rental period. The main
purpose of car sharing is to provide an alternative to vehicle ownership. The main purpose of rental cars is to
offer temporally a replacement car for an owned vehicle. It should be noted that in the long term the
differences between shared cars and rental cars may disappear. Rental firms may offer cars for shorter
periods, while car-sharing operators may offer cars for a longer period.
CROW-KpVV (2019) provides some differences between other shared transportation modes and shared cars.
• Shared car – lease car: A lease car is not shared in the daily use.
• Shared car – taxi: A shared car user drives the car themselves.
• Shared car – car pooling: Car poolers travel together with others in one car. Car sharing users use the same
vehicle at different times.
2.1.3
Car sharing growth
Figure 5 shows the number of shared cars in the Netherlands over a period of 10 years. The numbers of
shared cars in the Netherlands have increased in recent years. The growth in number of shared cars is mainly
due to the emergence of peer-to-peer sharing. However, all forms have grown recently. Early 2019, about
51,000 shared cars were available in the Netherlands. For comparison, 1 January 2019 the total number of
cars in the Netherlands was about 8.5 million (CBS, 2019).
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Number of shared cars in the Netherlands
Car sharing platforms (P2P)
Other car sharing systems

Figure 5: Number of shared cars in the Netherlands adapted from CROW-KpVV (2019).

As Figure 5 shows, most shared cars are offered through peer-2-peer car sharing. P2P car sharing originated
later than B2C car sharing. However, P2P car sharing has overtaken in number of cars. In the past years, the
number of B2C shared cars showed very modest growth while P2P car sharing grew rapidly. Meelen, Frenken,
& Hobrink (2019) explained this rapid growth by the fact that vehicles on a P2P platform do not require
investments. The P2P platform does not own any vehicle. Instead, the platform uses the capacity of unused
vehicles that are already owned by individuals. Cars that are not used daily, are offered on the platform. The
platform provides car owners the possibility to recover part of the fixed costs of owning a vehicle by
occasionally renting it out. P2P car-sharing can scale up relatively easily. In contrast, B2C car-sharing, was
setup to provide infrequent car owners an alternative to car ownership. The provider invests in vehicles and
makes these available on a 24/7 basis. Table 1 shows the providers of car sharing in the Netherlands, these
providers were part of the research into the number of shared cars.
Table 1: Car sharing providers in the Netherlands (CROW-KpVV, 2019).

Car sharing providers in the Netherlands
Roundtrip
Greenwheels
Connectcar
Flexcar
Mywheels (classic)
StudentCar
CareCar
Juuve
Mobeazy
Add vision
GoAbout
Hely
E-mobility Park
Elektrip
Stapp-in
Shared Wheels
Drive carsharing
Hertz24/7

One way
Car2Go
Fetch Carsharing
Eilandauto.nl
Witkar

Car sharing platforms
Snappcar
MyWheels (P2P)
TrexCar
DayCar

Local communities
VGA/Deelauto
Buurauto
WeDriveSolar
mijndorpsauto.nl
HET Hilversum
MyWheels (buren)
Onze Auto
Deelootoolease (Mijndomeinauto)

The number of car sharing users is increasing rapidly. However, Boldrini, Bruno, & Laarabi (2019) indicated car
sharing as a “weak signal in the city landscape”. Boldrini et al. (2019) stated that the fraction of users is in the
best cases still in the order of single digit percentage points. The shared car fleet is still only just over 0.1% of
all passenger cars in Europe (ING, 2018).
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2.2

Current adoption and intention to adopt car sharing

In this section, the factors that influence the adoption or intention to adopt car sharing are presented. The
influence of socio-demographic characteristics, trip characteristics, built environment characteristics, and
characteristics of the car sharing system are presented. The underlying motivations and barriers to adopt car
sharing are later presented, these are not part of this section.
2.2.1
Socio-demographic characteristics
A categorization of consumers that helps in understanding human behavior related to the adoption of
innovations is developed by Rogers (2003). The categorization is based on the willingness of consumers to try
out an innovation or product. In the study of Rogers (2003) ‘early adopters’ are described as “typically
younger in age, having a higher social status, more financial lucidity, advanced education, and being more
socially forward than late adopters”. The early adopters tend to be the most influential people, they serve as
role models for many other members of a social system.
The characteristics of car sharing adopters are studied by Münzel, Piscicelli, et al. (2019). They studied 33
articles describing the characteristics of adopters and 9 articles using multivariate analysis to identify factors
that influence the adoption. The socio-demographic characteristics of car sharing adopters seem to be
consistent with the typical character traits of Rogers’ early adopters (Münzel et al., 2019). Carshare users tend
to be younger than average, more often male, their education and income are generally reported to be high
(Münzel et al., 2019). In addition, living without a car or owning fewer cars positively influences car sharing
adoption or the intention to do so (Münzel et al., 2019). It should be noted that it is logical that private car
ownership is typically lower in households that have adopted car sharing. The household size of a typical car
sharing adopter is less clear (Münzel et al., 2019). The characteristics of P2P car sharing adopters are
comparable to the characteristics of B2C adopters.
The potential of car sharing replacing private car trips and reducing car ownership is studied by Liao, Molin,
Timmermans, & van Wee (2020) using a latent class model. They found that car sharing enthusiasts are
younger, highly educated, earning high income, employed, have kids and use public transport more often. By
contrast, the people that are own car-oriented are mostly opposite to the car sharing enthusiasts in terms of
these characteristics. For example, the group car sharing enthusiast has the highest percentage of employed
people while the group own car-oriented people have the lowest percentage of employed people.
The willingness of young Greeks to join car sharing is modeled using an ordered logit model by Efthymiou &
Antoniou (2016). In contrast to the previously presented studies, did Efthymiou & Antoniou (2016) found that
respondents with a middle income are more likely to join a car sharing. This could indicate that people with a
low income expect that car sharing is too expensive, they prefer to travel by public transport or foot. People
with a high income prefer to use their own vehicle (Efthymiou & Antoniou, 2016). It should be noted that
these findings may be nonrepresentative for the Dutch population.
Some studies suggested additional socio-demographic characteristics of car sharing adopters. For example,
the adoption intention of car sharing is negatively correlated with being the main driver of the household
(Prieto, Baltas, & Stan, 2017). The ownership of a car is important amongst non-Western youth, therefore
being a non-Western immigrant might influence the adoption of a shared car (Hobrink, 2014). The attitude of
individuals could influence the car sharing adoption, attitudes that could have a positive influence on the
adoption are environmental concern, a dissatisfaction with transport availability, an orientation towards
public transport and perceptions of financial saving possibilities (Münzel et al., 2019). Individuals who have a
smartphone, appear to have a greater propensity to use car-sharing services (Dias et al., 2017). The findings
presented in this paragraph are not widely supported in the literature.
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2.2.2
Trip characteristics
The potential of car sharing replacing private car trips and reducing car ownership is studied by Liao et al.
(2020). The respondents are categorized in three classes, the own car-oriented respondents, the respondents
intending to use car sharing, and the respondents that are enthusiast about car sharing. They found that, for
one-way car sharing, car sharing enthusiast use car sharing for more frequent trips, trips lasting less than 1
hour and require a longer stay at the destination. For the people intending to use car sharing, they require a
shorter stay at the destination. A car sharing enthusiast tends to replace the current transportation mode of
grocery and shopping trips. The people intending to use car sharing would use it for shopping and leisure
trips. For roundtrip car sharing, both the car sharing enthusiasts and the people who intend to use car sharing
tend to replace more trips which last between 16 and 30 minutes and when the stay at the destination is less
than an hour. In addition, the people who intent to use car sharing, replace more frequent trips.
The motive, travel distance, and departure time of trips with a shared car, in the Netherlands, are summarized
by Jorritsma, Harms, & Beverling (2015). Shared cars are most frequently used to visit friends and family.
Next, shared cars are used for shopping and/or transporting heavy items (for example to visit a furniture
mall), recreational motifs (a day out) and business trips. The third mentioned motive is travelling from or to
work and education. Shared cars are mainly used for medium and long-distance trips. Almost three quarters
of the trips are over 20 km, half of the trips over 50 km. See Figure 6 for the distribution of distances traveled
using a shared car. It is estimated that 40 percent of the trips with a shared car takes place on weekend days.
Approximately 10 percent of the trips take place during the morning peak (between 8 and 9 a.m.), but the
busiest time is later in the morning (between 10 and 11 a.m.).

Figure 6: Distribution of distances travelled using a shared car (Jorritsma, Harms, & Beverling, 2015).

The usage pattern of free-floating car sharing in 12 cities is researched by Sprei et al. (2019). They found that
for most cities, the median rental duration is between 26-28 min. The median rental duration in Amsterdam is
26 minutes. The average geo-distance of all considered trips is around 3 km, the geo-distance is the straightline distance between the pick-up and the drop-off location of the vehicles. The average geo-distance in
Amsterdam is 3.0 km. The usage patterns of car sharing show a similar daily pattern as other modes of traffic
during the workday, see Figure 7. There is a morning peak in usage and a longer afternoon/evening peak.
During the weekend no morning peak is observed, the afternoon peak is longer and spreading from noon to
late evening.
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Figure 7: Histogram over start of trips for Amsterdam for workdays and weekends (Sprei et al., 2019).

The usage patterns of a free-floating and station-based car sharing service operating in Basel, Switzerland are
compared by Becker, Ciari, & Axhausen (2017). They found that the station-based vehicles were mostly used
for shopping trips, leisure trips, and trips where the customer had large items to carry. The free-floating
vehicles were used for multiple purposes, they were also substantially used for commuting and airport
transfers. 64% of the free-floating trips were conducted by a single driver. Of the station-based trips, 42%
were conducted by a single driver.
The travel behavior of free-floating car sharing members and non-car sharing members in Munich and Berlin,
Germany is compared by Kopp, Gerike, & Axhausen (2015). They found that free-floating car sharing members
report more trips. However, these trips are shorter and are more intermodal and multimodal, bikes are
significantly more often chosen and motorized private transport less. However, the mean trip duration (about
30 minutes) and mean trip distance (about 14 km) are statistically equal for car sharing and non-car sharing
members.
The impact of peer-to-peer sharing in Portland, United States is researched by Dill, McNeil, & Howland (2017).
They found that the primary purpose (24%) of the trips was out-of-town recreation, 21% of the trips were
work-related, and 14% of the trips were for shopping or errands. 47% of all trips had one or more secondary
purposes. Shopping and/or errands were the most common secondary purpose, followed by transporting
family, transporting friends and in-town recreation.
The trip purpose of trips made using traditional car sharing in the United States and Canada is researched by
Millard-Ball et al. (2005). They found that car sharing was mostly used for recreational trips, shopping related
trips, and personal business trips. In other words, trips when members have things to carry, need a car to get
to their destination, or have multiple stops to make.
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2.2.3
Built environment characteristics
The geographical distribution of private car ownership and adoption car sharing systems in cars per 100
inhabitants in the Netherlands is presented on maps by Meelen et al. (2019). The maps are shown in Figure 8.
Meelen et al. (2019) stated that, based on the left map, the level of private car ownership is higher in the rural
areas, in the east and north near the border. Private car ownership is lower in the urbanized west. The
adoption of P2P car sharing is present in the large cities but also in rural areas in the east and north (Meelen
et al., 2019). The adoption of B2C car sharing is restricted to the major cities in the Netherlands, and
particularly clustered around the capital city of Amsterdam (Meelen et al., 2019).

Figure 8: The motorization rate (left) and adoption of car sharing (right) (Meelen et al., 2019).

Meelen et al. (2019) stated that the adoption of B2C car sharing is higher in cities, areas with lower private car
ownership, while the adoption of P2P car sharing is not limited to areas with lower private car ownership. P2P
car sharing, that uses the capacity of unused vehicles, occurs anywhere where car owners live. The findings of
Meelen et al. (2019) are supported by findings of Liao et al. (2018) who showed that people living in urban
areas and people living in rural areas seem to be equally interested in car sharing. However, B2C car sharing
may not be feasible in rural areas and P2P car sharing may be the only option.
Next, several studies regarding the built environment in relation with the success of car sharing are analyzed.
Only the success factors from the user’s point of view are listed in this section. For example, mixed-use
neighborhoods is mentioned as a success factor for car sharing (Millard-Ball et al., 2005). In mixed-use
neighborhoods, different zoning types are mixed, for example, houses and business are in one neighborhood.
Business members tend to use the shared cars during the working day, while individual members tend to use
the shared cars in the evenings and in the weekend. Therefore, the potential of pairing these different
demand patterns is greatest in mixed-use neighborhoods. However, the mix of uses does not influence the
willingness to use car sharing of an individual and is therefore not listed in this section. Mix of uses is a success
factor from the operators’ point of view.
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Most studies relate characteristics of current car sharing members to characteristics of the built environment.
However, these relationships are not necessarily valid. Stillwater, Mokhtarian, & Shaheen (2009) criticized
some of the current studies that, based on the characteristics of the users, mentioned characteristics of the
built environment as a causal factor in the adoption of car sharing. Next, studies attempting to quantify the
relationships are scarce. In addition, previous studies could have been biased by a self-selected member
population. For example: car sharing locations and public transport locations are often fully integrated. The
car sharing locations tend to serve a population that has chosen to live within close range of that public
transport location. Therefore, the study may contain a self-selected group of public transport users. Although
the study of Stillwater et al. (2009) took place some years ago, the findings seem to be still relevant.
Population density has a diverse connection to car sharing, it is mentioned as a success factor from the
operators’ and users’ point of view. Population density is most often mentioned as one of the most important
factors for a car sharing system to function (Münzel et al., 2020). However, this conclusion is mostly based on
the operators’ point of view. In neighborhoods with a higher density are more potential users within walking
distance of the shared vehicle. However, in another study is stated, if individuals do not own any vehicle, no
difference is observed in propensity between individuals in low and high density neighborhoods (Dias et al.,
2017). If individuals own a vehicle, individuals in high density neighborhoods have a higher propensity to
share a car compared to individuals living in less dense neighborhoods. This statement is thus based on the
users’ point of view to use car sharing.
Parking pressure is mentioned as necessary for successful car sharing (Millard-Ball et al., 2005). In places with
a high parking pressure, car ownership is more expensive and less convenient. If residents must walk a longer
distance to their car, they may walk the same distance to a shared car. However, no literature is found that
quantifies this relationship.
The ability to live without a car is mentioned as a characteristic necessary for successful car sharing (MillardBall et al., 2005). Car sharing is mostly not the main transportation mode of a household but goes along with
other transportation modes. The ability to live without a car consists of multiple factors, for example,
availability of good public transport, local shopping opportunities, a pedestrian and cycling network. These
findings are partly supported in other studies.
• A positive relationship between light rail availability and car sharing reservations was found by Stillwater et
al. (2009). However, a negative relationship between car sharing reservations and regional rail availability
was found.
• Stillwater et al. (2009) found a negative relationship between street width and car sharing reservations. This
relationship could be an indicator of a pedestrian environment and land use type (Stillwater et al., 2009).
Narrow streets are more pedestrian friendly and wide streets are less pedestrian friendly, and narrow
streets tend to indicate older residential or mixed-use development, wide streets tend to indicate post
WWII construction. It should be noted that the study of Stillwater et al. (2009) is based on one U.S.
operator, these finding may be less supported in Europe.
• Müller, Correia, & Bogenberger (2017) researched the spatial distribution of free-floating car sharing
bookings in Germany, it was concluded that a high density of bars and companies is positive correlated with
the shared cars demand.
Tingen (2019) researched the influence of spatial factors on the success of car sharing concepts in existing
neighborhoods in Utrecht using interviews. Tingen (2019) stated that parking pressure, walking distance to
the location where the shared car and privately-owned car are parked, logical positioning of the shared cars in
the neighborhood, safety of the parking location of a shared car could influence the success of shared cars.
Centrality in the city is mentioned as a factor influencing the usage and booking of shared cars (Münzel et al.,
2020). Centrality is determined by the distance to the district center and distance to the city center.

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
29 of 145

2.2.4
Car sharing system characteristics
The preferences of individuals regarding the characteristics of a car sharing system are studied by Dieten
(2015). Based on literature research, Dieten (2015) selected for his research the attributes booking in
advance, personal contact, cost, reserved parking, return car, fuel type, and location for different trip
purposes to research. Dieten (2015) found, based on the stated choice experiment, that the preferences differ
per trip purpose however, overall a low price per kilometer, a free-floating system, the ability to reserve a car
in advance, and pre-reserved parking spaces are preferred by the respondents.
The effect of car sharing attributes on the potential to replace private car trips and to reduce car ownership is
researched by Liao et al. (2020). Based on data retrieved from a stated choice experiment they found that
own car-oriented people prefer gasoline cars. People who are enthusiastic about shared cars, do not have a
preference regarding car types. People who intend car sharing prefer, for one-way car sharing, electric
vehicles with a range of 200 kilometers over gasoline cars. For round-trip car sharing are electric vehicles with
a range of 100 kilometers preferred over gasoline cars. In addition, the attributes costs, availability, and
access time are researched. For people who are own car oriented, low costs, a high availability, and short
access time, are statistically significant for both one-way and round-trip car sharing. For both the people who
intent to use car sharing and the car sharing enthusiasts, registration costs and access time have a significant
impact. For none of the classes, a flexible return location for one-way car sharing is significant.

2.3

Choice of a transportation mode in the case of car sharing

The adoption of a transportation mode and the process of choosing a transportation mode for a trip are
extensively researched topics. Studies attempt to explain what induces individuals to make choices, how
choices are made, and when choices change. However, the complexity of factors that directly or indirectly
affect decisions makes understanding the process of choosing a transportation mode difficult. Theories about
decision making could be divided into theories from the fields of geography, economics, psychology, and a
combination of these. In addition, some theories approach behavior as a function of internal factors of an
individual, such as values, attitudes, and personal norms. Whereas some theories approach behavior as a
product of external factors such as incentives, societal norms, and institutional constraints other argue that
behavior is a function of both internal and external factors (Adjei & Behrens, 2012) (Folmer, 2018). In this
section, models that help to understand the relationship between various theories and groups of factors are
researched. To research the relationships, three studies that researched the user’s adoption or intention to
adopt car sharing by using models are presented.
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Wilke & Bongardt (2007) developed an explanatory model, based on a theoretical reference frame, of the use
and interest in car-sharing. According to the model, the frame of options for mobility behavior is formed by
structure (resources and infrastructure) and habitus (living conditions). In Figure 9 are examples of resources,
infrastructure, and living conditions presented. As can be seen in the figure, the resources and infrastructure
form together the structure. The structure influences or limits the choices and opportunities available. The
living conditions form the habitus. Habitus consists of ways of thinking and views, perception patterns,
principles of judging and valuing.

Figure 9: Model of the use of and the interest in car sharing (Wilke & Bongardt, 2007).

Based on the theoretical model, factors that shape the interest of non-customers in car sharing were
investigated using a survey. Wilke & Bongardt (2007) stated that the interest in car sharing is strongly
influenced by the objective day-to-day requirements. These requirements correspond to the demand for
additional mobility. Furthermore, the attitudes towards mobility and the mobility behavior influence the
interest significantly. The environmental awareness of an individual is negligible as a determinant.
Lin & Chan (2019) researched the user adoption intention towards shared mobility services by using three
theories. It was hypothesized that each of the three applied theories, perceived risk (including security
uncertainty and performance uncertainty), perceived value (perceived usefulness), and perceived price have a
different effect on the adoption. The three applied theories are based on existing theories. Perceived risk is
based on the Transaction Cost Theory (TCT). Perceived value is based on the Technology Acceptance Model
(TAM). Perceived price is based on the Signaling Theory (ST).
During the research, the 8 hypotheses as stated below were researched:
• Hypothesis 1: Users with high “performance uncertainty” will perceive low adoption intention toward
sharing economy mobile services.
• Hypothesis 2: Users with high “security/privacy uncertainty” will perceive low adoption intention toward
sharing economy mobile services.
• Hypothesis 3: Users with high “perceived usefulness” will perceive high adoption intention toward sharing
economy mobile services.
• Hypothesis 4: Users with positive “perceived price” will perceive high adoption intention toward sharing
economy mobile services.
• Hypothesis 5: Users with high “performance uncertainty” will negatively affect “perceived usefulness”
toward sharing economy mobile services.
• Hypothesis 6: Users with high “security/privacy uncertainty” will negatively affect “perceived usefulness”
toward sharing economy mobile services.
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• Hypothesis 7: Users with high “performance uncertainty” will negatively affect “perceived price” toward
sharing economy mobile services.
• Hypothesis 8: Users with high “security/privacy uncertainty” will negatively affect “perceived price” toward
sharing economy mobile services.
The 8 hypotheses were tested using a survey with 509 responses in Taiwan. The respondents were aged
between 20 and 40 years. The respondents were divided into 2 groups, low-experienced users and highexperienced users. Figure 10 shows the coefficients and their significance for the 8 hypotheses.

Figure 10: Model of user adoption intention towards shared mobility (Lin & Chan, 2019).

Lin & Chan (2019) show that perceived usefulness is a major driver to the widespread adoption for both low
and high experienced users. In the survey, the perceived usefulness was measured using statements if
respondents agreed that car sharing could help save transportation costs, help solve parking issues, help save
on maintenance costs, help environmental protection, and can provide customized services through big data.
For experienced users, security uncertainty is the main barrier for perceived usefulness and performance
uncertainty is the main barrier for perceived price. Next, the effects of security uncertainty and performance
uncertainty are both mediated by perceived usefulness, while the mediated effect of perceived price does not
exist. Finally, there are significant differences in the influence of perceived price on adoption intention for low
and high-experienced users. For the low-experienced users, the perceived price is a driver of adoption
intention. For the high-experienced users, the perceived price does not significantly influence the adoption
intention.
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The role of providers and users in the diffusion of car sharing is studied by Lindloff, Pieper, Bandelow, &
Woisetschläger (2014). Based on infrastructure and four motivational categories, value-seeking, convenience,
lifestyle, and environmental motives, a conceptual model is structured. A survey among 879 active users of
mainly stationary car sharing services, in Germany, is used to test the hypotheses in the conceptual model.

Figure 11: Model of the role of providers and users in the diffusion of car sharing (Lindloff et al., 2014).

See Figure 11 for the conceptual model and correlations as researched by Lindloff et al. (2014). It should be
noted that distance to stations covers the distance to car sharing stations. Price transparency, perceived cost
savings, flexibility, vehicle variety, and availability are the main drivers of car sharing usage (Lindloff et al.,
2014). In other words, value and convenience are important. Users demand low-cost and flexible mobility,
whereas environmental awareness plays only a secondary role.
In this section, models that help to understand user’s adoption or intention to adopt car sharing are
presented. Wilke & Bongardt (2007) stated that the interest in car sharing is strongly influenced by the
objective day-to-day requirements (demand for additional mobility). Lin & Chan (2019) showed that perceived
usefulness is a major driver to the widespread adoption for both low and high experienced users. Lindloff et
al. (2014) found that price transparency, perceived cost savings, flexibility, vehicle variety, and availability are
the main drivers of carsharing usage. It should be noted that the findings of Wilke & Bongardt (2007), Lindloff
et al. (2014), and Lin & Chan (2019) are based on self-reported behavior. The respondents could have
provided socially acceptable answers. In addition, the respondents are active users of car sharing (Lindloff et
al., 2014) or the respondents are young (Lin & Chan, 2019). Therefore, these models could be biased.
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2.4

Motivations and obstacles to use car sharing

A change in what reasons are important for joining car sharing can be observed (Loose, 2010). For the
pioneering generation, the environment was the most important reason for joining. More recently, cost
considerations and convenience motivations are becoming more important. The findings of (Loose, 2010) are
confirmed by a more recent study of Münzel et al. (2019). Münzel et al. (2019) stated that cost and
convenience are the main motivational factors for car sharing adopters in the Netherlands. These findings are
important for the stimulation of further adoption of car sharing (Münzel et al., 2019).
Current users of car sharing are characterized as early adopters in Rogers (2003) diffusion of innovation
model, see Figure 12. The further adoption of car sharing by the early majority is difficult, although crossing
this chasm is crucial to become widespread. However, since cost and convenience are the main motivational
factors, car sharing could cross the chasm and reach the early and late majority, in other words the mass
market. This mass market is made up by people who lack a strong environmental attitude, but rather look for
a cost-efficient mobility option that supplements their transportation set (Münzel et al., 2019).

Figure 12: The chasm in the model diffusion of innovation (Rogers, 2003).

Another relevant motive to select a mode of transport is driving habit (Ramos, Bergstad, & Nässén, 2020).
Ramos et al. (2020) researched the relevant motives when selecting a mode of transport among 3000 Swedish
residents. Frequent and regular trips generate a strong habitual travel behavior, transportation mode choices
for these trips are made under routine with low awareness of the outcomes (Ramos et al., 2020). For
example, a habit of traveling by car or just having a car available may be enough for choosing the car as
transportation mode.
The obstacles of Europeans with a driving license to use car sharing are researched by ING (2018), see Figure
13. The figure shows the main thing car sharing services should improve on, for respondents to become a car
sharing user. The points of improvement are in percentage of Europeans with a driving license. Most barriers
are related to the user experience. Mentioned aspects are reliability, convenience, and ease of use. In
addition, a group of people does not consider car sharing as an option. They might have psychological barriers
to use car sharing or car sharing does not fit their social norms. Costs are mentioned as a main barrier to use
car sharing. However, in addition, ING (2018) stated that costs are mentioned as a driver for car sharing. So, in
summary, costs are mentioned as a driver and as a main barrier to use car sharing.
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Figure 13: Most important point of improvement (ING, 2018).

It is remarkable that costs are mentioned as a driver and as a barrier to use car sharing. Milieu Centraal (n.d.)
compared the costs of a shared car and the costs of a privately-owned car. It should be noted that Milieu
Centraal (n.d.) considers the given information as independent, reliable and practical. However, the
information is given with the intention that consumers can change attitudes and behavior in an
environmentally friendly direction.
The comparison is based on someone with an own car driving 13,000 kilometers per year (that is the average
number of kilometers). This person disposes the car and instead rents a shared car once a week for 100 km.
The person also rents a 'normal' rental car for 3 weeks a year for a holiday in the South of France (Avignon).
The remaining kilometers are traveled by train. Table 2 shows the cost comparison.
Table 2: Cost comparison (Milieu Centraal, n.d.).

Cost comparison shared car and privately-owned car
Shared car + rental car + train
Shared car
100 km per week
Rental car
vacation
Train
Total 13,000 km

€ 1,930
(5,200 km / year, 4 hours / week)
€ 750
(2,985 km in 3 weeks)
€ 720
(4,825 km)
€ 3,400

Privately-owned city
car
N/A

Privately-owned
middle-class car
N/A

N/A

N/A

N/A

N/A

€ 4,150

€ 7,160

According to Milieu Centraal (n.d.), the shared car is about €750 cheaper per year, compared to a city car. The
shared car is about €3,760 cheaper per year compared to a middle-class car. Not included in the calculation
are parking costs for your own car, journeys to and from the train (bus, bicycle storage), deductible for shared
car, travel expenses for commuting, and possible discount on the train.
Based on the calculation of Milieu Centraal (n.d.) costs should be considered as a driver for car sharing, not a
barrier.
ING (2018) compared the total cost of ownership and costs of car sharing. Based on the comparison of ING
(2018), car sharing is cheaper for mini cars (A segment) driven less than 9,000 km, small cars (B) driven less
than 9,250 km and compact cars (C) driven less than 12,000 km. The cost calculations are based on the
German market. Factors such as convenience and emotional value create difficulties in making an exact (cost)
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comparison (ING, 2018). In addition, the total cost of ownership is, in general, difficult to estimate and thus
difficult to take into account. Due to these difficulties, people who own a car may not realize that car sharing
may suit them well.
Based on focus group discussions, Jorritsma, Harms, & Beverling (2015) researched the motives of people who
use car sharing or intent to use car sharing. During the discussions, costs are mentioned as one of the motives
to use car sharing. Although, costs are mentioned as a motive, it seems that in practice people do not
investigate in detail the costs difference between a privately-owned car and a shared car. Only a few people
who use a shared car have compared the costs with renting a ‘normal rental car’ or compared it to driving an
own car. The perceived usefulness of a cost comparison seems to be primarily determined by personal
circumstances. Some potential users of car sharing indicate that they will make a calculation when their own
car needs to be replaced.
Motivations and barriers for using P2P car sharing for vehicle owners are researched by Shaheen, Martin, &
Bansal (2018). Focus groups among P2P sharing hosts in the United States were conducted to gain insights.
The motivations that were found: hosts earn revenues on existing, often little used vehicles, and contribute to
the “sharing economy” by providing mobility access to users. The barriers include potential damage to the
vehicle, complex insurance requirements, and inability to use their vehicle when it is accessed by a guest. It
should be noted that the focus groups were conducted in 2013, the findings may be partly outdated.
Meanwhile, insurance may be offered by the P2P platform.

2.5

Potential demand and effects of car sharing

In this section, the potential demand for car sharing and the effects of car sharing are studied. These findings
could be used to compare to the potential that will be calculated in this study.
2.5.1
Potential demand for car sharing
Anno 2015, 20% of the Dutch population (18+ with driving license) is willing to use classic or peer-to-peer carsharing (TNS NIPO, 2014). However, not every person who stated that he/she is willing to use the service
would actually use the service. This is caused by a gap between attitude and behavior. In the literature, this
phenomenon is indicated as the gap between the realistic customer potential and the theoretical potential
(Wilke & Bongardt, 2007). To calculate the potential demand for car sharing, Jorritsma, Harms, & Berveling
(2015) reduced the potential as calculated by TNS NIPO (2014). The potential was reduced from a theoretical
potential of 20% of the Dutch population to a realistic customer potential of 10% of the Dutch population.
Based on these assumptions, there are about 800.000 potential users of car sharing in the Netherlands.
The willingness towards car sharing and the sharing economy in the Netherlands is researched by Dieten
(2015). Dieten (2015) stated that 12% of the respondents indicated that they expected to use car sharing.
Most respondents indicated that they maybe will use car sharing, or probably not use car sharing.
The willingness to use car sharing is researched by Liao et al. (2020). The used sample consists of 1003 Dutch
respondents who have a driver’s license and either own a car or intend to buy a car within the following 3
years. They found that around 40% of the respondents indicated that they may be willing to use car sharing to
replace at least some of their private car trips. About 20% of the respondents are likely to replace their
expected car purchase or current car when a suitable car sharing system becomes available. It should be
noted that in general, stated preference data tend to overrate the preference for new products (Liao et al.,
2020).
A growth potential for car sharing membership of 10% of individuals over the age of 21 in major metropolitan
regions in North America was estimated by Shaheen, Cohen, & Roberts (2006). A survey of existing North
American car sharing organizations was used by the authors.
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Two car sharing service scenarios are developed by Wilke & Bongardt (2007). Based on the interest of noncustomers in these scenarios, the potential for car sharing in Germany is estimated. A maximum potential of
6.42 million of customers was calculated. This potential is hard to compare to the previous presented studies.
2.5.2
Effects of car sharing
Car sharing has the potential to satisfy individualized transportation demands in a more sustainable way.
Besides the positive effects, also negative effects are described in the literature. Both the positive and
negative effects of car sharing are described in this section. Summaries of studies shows that car sharing
decreases the demand for cars and parking and decreases emissions (Münzel et al., 2020). Nawangpalupi &
Demirbilek (2008) presented benefits from the individual’s point of view, for the community, and at macro
level, for the businesses and the government. Figure 14 shows some benefits for these different layers of the
society (Nawangpalupi & Demirbilek, 2008). The benefits are not quantified.

Figure 14: Multi-layered benefits of car sharing (Nawangpalupi & Demirbilek, 2008).

The effects of car sharing on car ownership, car use, and CO2 emissions are quantified by Nijland & van
Meerkerk (2017). To study the effects, a survey was conducted amongst 363 car sharing respondents in the
Netherlands. Nijland & van Meerkerk (2017) showed that a shared car mostly replaced a second or third car,
there is over 30% less car ownership amongst car sharers than before they began car sharing. Once people
have disposed a car, they tend to drive considerably less, car sharers drive around 15% – 20% fewer car
kilometers compared to before they started car sharing. Car sharers emit, per year, between 13% and 18%
fewer kilograms of CO2. About one third to half of the reduction can be attributed to less car use, the
remainder to the lower degree of car ownership.
Besides a reduction in car kilometers and the resulting reduction in emissions, providers of car sharing have a
modern car fleet (2 years instead of 7 years in average). This modern car fleet has a greater share of small,
less fuel consuming vehicles than average this results in an additional reduction of emissions (Wilke &
Bongardt, 2007). For example, CROW-KpVV (2019) stated that, in the Netherlands, 6.8% of all shared cars are
electric, while of the total Dutch fleet only 1.3% of all cars are electric.
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Rickenberg et al. (2013) stated that social equity, economic efficiency and ecological awareness are three
components of sustainability that are addressed by car sharing. Social equity can be achieved by giving groups
with low-income access to cars. Economic efficiency can be achieved by driving on demand and save money
by sharing ownership costs. In addition, vehicles have a higher utilization. The largest potential for
sustainability is the ecological awareness. The consumer can calculate the true costs of driving a car and
compare this with the costs of other transportation modes. Other transportation modes like bus, train, or bike
can be used more often if these are cheaper. Subsequently, a lower car use results in a decrease of emissions
and traffic noise.
However, besides the positive aspects of car sharing also negative effects are mentioned in the literature. The
results of Nijland & van Meerkerk (2017) showed that shared cars were mostly used to replace trains as
transportation mode in a trip. In addition, 15% of the kilometers driven by a shared car would not have been
travelled if the respondents did not have a car available. The models of Efthymiou, Antoniou, & Waddell
(2013) suggested when car sharing systems become available, these systems may attract users from the bus,
tram, and trolley. Another study evaluated the shift in travel mode of car sharing users. The study showed
that car sharing has negative impacts on public transport use. However, overall the reduction in public
transport use was elevated by the reduction in car kilometers of other members who joined car sharing
(Martin & Shaheen, 2011). Jung & Koo (2018) even stated that forgoing vehicle purchases do not offset the
increased greenhouse gas emissions caused by the shift from public transportation or private vehicle to car
sharing. These effects are also referred to as the rebound effect.
The inconsistence in studies discussing the effects of car sharing is mainly caused by differences in
methodologies and data collection (Jung & Koo, 2018). Shaheen et al. (2019) stated that differences in
models, data collection, and study methodologies frequently produce inconsistent results that make
comparing the impacts difficult. In addition, differences in impacts could be caused by difference in region,
density, built environment, public transport accessibility, car sharing service, and car sharing business model
(Shaheen et al., 2019).
Nijland & van Meerkerk (2017) considered the “observed impact” and the “full impact” of car sharing to study
the effects. The observed impact describes, for example, the actual change in car ownership. The full impact
includes the observed impact and an additional component of avoided car ownership that would have
occurred, if car sharing was not available. An example within the full impact is the refrainment of buying a
second car. In that case, there is an effect on car ownership, although this effect is not immediately
noticeable. This effect is taken into account by asking how respondents would have travelled if they would
not have a shared car at their disposal. Other studies may have neglected the full impact.
It should be noted that Nijland & van Meerkerk (2017) asked the participants about their current situation
and the situation before they started with car sharing. According to Boldrini et al. (2019) surveys and direct
interviews are the most used methods to study car sharing. However, these methods have some widely
acknowledged limitations (Boldrini et al., 2019). The limitations range from not being able to capture changes
in routine travel behavior to underestimation of short, non-commute trips. The underestimation is mainly
caused by underreporting of people. This limitation was already noticed by Nijland & van Meerkerk (2017).
Another method to study the impact of car sharing is the use of automated travel activity data. However,
automated travel activity data does not capture changes in car ownership, travel behavior across all modes,
and respondent perceptions (Shaheen et al., 2019).
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2.6

Conclusion

Car sharing is a mobility service that could help in reducing the negative consequences related to privately
owned car mobility. Various car sharing systems exist, a main distinction can be made between business-toconsumer and peer-to-peer systems. In the business-to-consumer system, a car sharing organization owns a
fleet of cars. This fleet of cars is rented out to customers of the organization. In the peer-to-peer system, car
owners rent out their own car to other individuals. Business-to-consumer car sharing is, in the Netherlands,
concentrated in and around the main cities. Peer-to-peer car sharing is also present outside the large cities.
This difference in concentration could be explained by the difference in business models.
The numbers of shared cars and users of car sharing is growing. In particular, the number of peer-to-peer
shared cars is growing fast. However, compared to the number of passenger cars and the number of private
car drivers, the car sharing market is small.
The people who use car sharing are in general, young, male, well-educated, and have a high income. Car
sharing is used for diverse trip purposes. High-urbanized areas seem to be beneficial for the use of car sharing.
However, it should be noted that this could be explained by the business model of the sharing organization
that is focusing on high urbanized areas. Of the car sharing system, the price seems to be important for the
adoption. The importance of socio-demographic characteristics, trip characteristics, built-environment
characteristics, and characteristics of the car sharing system for the adoption of car sharing are only limited
researched in relation to each other. See Appendix I for an overview of the characteristics that are suggested
to have an influence the adoption of car sharing. Potential users of car sharing seem to have the same
characteristics as current users.
Based on models that describe the adoption of car sharing, objective day-to-day requirements, perceived
usefulness and price, and value and convenience are the factors that determine the interest in car sharing. In
other words, the main motivations to use car sharing are cost and convenience. The main barriers to use car
sharing are related to user experience and again costs.
Studies show that car sharing decreases the demand for cars and parking and decreases emissions. Various
layers of the society could benefit from these effects. It should be noted that most studies are based on a
retrospective survey, these studies could be inaccurate. Besides the positive effects, also negative effects are
mentioned in the literature. Car sharing could, for example, attract users of public transport. The types of trips
and the number of trips that possibly are replaced by car sharing are not clear. Research on the current travel
behavior of people willing to use car sharing is limited.
In the next chapter, the adopted research approach is described.
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3

Research approach

In this chapter, the adopted research approach is described. First, the conceptual model is described. Next,
the research model is described. Thereafter, the stages of the research are described in a chronological order.

3.1

Conceptual model

Based on the literature, a conceptual model is drafted. The + and – signs in Figure 15 show the direction of a
relationship between characteristics and the willingness to use car sharing. In the case of a question mark, the
relationship is not (yet) clear. The relationships as presented in the figure are not always valid, for example
young people might not have a driving license and may therefore not consider car sharing. Another example,
public transport may compete with car sharing, the availability of public transport may hinder the use of car
sharing. However, in general: most users of car sharing are relatively young, and public transport is
complementing car sharing.

Figure 15: Conceptual model.

The conceptual model as presented in Figure 15 could be placed in the model of Wilke & Bongardt (2007). The
factors mentioned in the conceptual model form the ‘frame of options’ for decisions and actions of
individuals. The frame of options influences available choices, but also the way of judging and valuing them.
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3.2

Research model

The research model is a graphical representation of the research process. See Figure 16 for the research
model. This research model is identical to the research model as presented in Figure 1.
1
2
3
4

5
6
7
8

• Introduction
• Literature research
• Research approach
• Descriptive analysis and bivariate analysis
• Model specification and estimation
• Model application
• Mapping the potential
• Conclusion and discussion
• References + appendices

Figure 16: Research model.

The research was introduced in chapter 1, and a literature research was conducted in chapter 2. The adopted
research approach is described in the current chapter. The description of the research process is chronological
and corresponds to the sequence of the subsequent chapters. In chapter 4, descriptive analysis and bivariate
analysis is described. In chapter 5, various types of discrete choice models are specified and estimated. In
chapter 6, the best performing model type is applied to mobility data. In chapter 7, the distribution of the
potential demand is mapped. In chapter 8, the conclusions and discussion are presented. Finally, the
references and appendices are included. The description of the research approach covers chapter 4, 5, 6, and
7.
As described before, the research starts with a description of the data and preparation of the data. The data
consists of data that was collected using a stated choice experiment, data about the built environment, and
mobility data. The stated choice experiment was developed by Dieten (2015) to research the preferences
regarding car sharing systems. In this research the data will be used to specify discrete choice models that
calculate the probability that a respondent would use an available car sharing system. The data was thus
developed for another purpose but will be re-used in this research. Data about the built environment is added
to the data of Dieten (2015), to research the relationship between the built environment and the willingness
to use car sharing. The mobility data consist of ODiN data (CBS & RWS, 2018). The models will be applied to
the ODiN data (CBS & RWS, 2018). By applying the models, the probability that a respondent would use the
available car sharing system for selected ODiN trips (CBS & RWS, 2018) will be calculated. Before specifying,
estimating, and applying the models, the data will be prepared using effect coding. In addition, the data to
specify the models was collected using a choice set with 3 alternatives (car sharing system 1, car sharing
system 2, none). The data will be applied using 2 alternatives (car sharing, none), this effect will be
considered.
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After specifying and applying the models, the mobility data with the calculated probabilities will be studied.
Using descriptive analysis, the types of trips in which the transportation mode has a relatively high probability
to be replaced by a shared car trip will be described. Bonferroni tests will be used to test if the findings are
statistically significant. Next, the average calculated probabilities per municipality are plotted on a map based
on the departure location of the ODiN trips (CBS & RWS, 2018). Using these maps, the locations where car
sharing could be successful are discovered. In addition, the potential number of trips that could be replaced
by car sharing is presented on maps. Finally, the research is finished by presenting the conclusions and
discussions.

3.3

Available data and data preparation

In this section, the data that will be used and data preparation are described. The research involves specifying
and applying discrete choice models. For specifying the models, stated choice data of Dieten (2015) is used.
To apply the models, ODiN (CBS & RWS, 2018) mobility data is used. CBS (2015) data is used to include
characteristics of the built environment in the models.
3.3.1
Stated choice data
Dieten (2015) researched preferences regarding car sharing systems using a survey. This survey consisted of 5
parts: (1) Questions about awareness, willingness, previous knowledge on, and current use of the shared
economy. (2) Questions about current travel behavior. (3) Questions about car sharing and current knowledge
of car sharing systems in the Netherlands. (4) The main part of the research. A stated choice experiment to
reveal preferences for a sharing system for four different trip purposes. (5) The last part of the survey consists
of questions about the characteristics of the respondents.
The preferences, part 4, were researched based on the characteristics of the car sharing system (Dieten,
2015). Information about socio-demographic characteristics of the respondent, trip characteristics, and builtenvironment characteristics were not part of the modelling process of Dieten (2015). In the stated choice
experiment, respondents could choose between ‘car sharing system 1’, ‘car sharing system 2’, and ‘no car
sharing system’ for four different trip purposes: work, shopping, grocery shopping, and recreation. Each
respondent got four choice sets for the four trip purposes, so each respondent had to complete 16 choice
tasks.
The characteristics of the respondents, part 5, are questions about gender, age, education level, household
situation, income, car ownership, and type of residential area. Distribution of the survey was outsourced to
the online market research company Panelclix. In addition, the 4-digit zip code of the respondents’ home
location was added by Panelclix.
Between part 2 and part 3 of the survey, the sharing economy and car sharing are explained. The most
important differences between B2C car sharing and P2P car sharing are explained. In addition, it is stressed
that the questions do not concern, regular car rentals, carpooling, hitchhiking, and ride hailing.
410 respondents of the survey could be used in this study. All respondents are Dutch, have a driving license,
and are 18 years or older.
Stated choice experiment, part 4 of the survey of Dieten (2015)
Dieten (2015) compared several techniques to capture respondents’ preferences and choices. After
comparing the techniques, stated choice was considered as most useful. This method was considered as most
useful since it allows to estimate respondent’s preference and respondent choice probabilities for the
alternatives. In a stated choice experiment, respondents are evaluating choice sets consisting of two or more
hypothetical choice alternatives from which a choice should be made. Based on the specification of the choice
alternatives and the choices of the respondents, preferences are extracted.
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The alternatives presented in the stated choice part of the survey are a car sharing system (system 1 or
system 2) and no car sharing system. In Appendix II, an example of the stated choice part of the survey is
presented. The attributes of the alternatives are shown in Table 3. Dieten (2015) selected these attributes
based on literature research.
Table 3: Attributes and attribute levels in the stated choice experiment, adapted from Dieten (2015).

Attribute
1. Booking in advance

Attribute level
1. Necessary to reserve a car
2. Not necessary to reserve a car

2. Personal contact

1. No personal contact
2. Personal contact

3. Cost

1. € 0,3/km or € 4/hour
2. € 0,4/km or € 5/hour
3. € 0,5/km or € 6/hour
4. € 0,6/km or € 7/hour
1. Reserved parking for car sharing
2. No reserved parking for car sharing

4. Reserved parking

5. Return car

6. Fuel type

7. Location

1. Mandatory to return car to pick up
point
2. Not mandatory to return car to pick
up point
1. Electric vehicle
2. Fuel vehicle
1. 5-minute walk to car
2. 10-minute walk to car
3. 15-minute walk to car

Explanation
Not having to reserve a car in advance
could reduce the inconvenience of a
shared car.
Mainly in the case of P2P sharing. No
personal contact before picking up a car
could reduce the inconvenience of a
shared car.
Costs are mentioned as a factor to
consider car sharing.

A reserved parking spot could reduce the
trouble of finding a spot. A shared car
could become handier than an own car.
Known as a free-floating or one-way
system. A free-floating system could
influence the willingness to use car
sharing.
Some car sharing organizations
consciously chose electric cars, some
organizations chose fuel cars.
A shorter distance to the shared car
could influence the willingness to use a
shared car.

For the attribute costs, two versions of the survey were distributed among the respondents. Version one has a
price per kilometer, while the other has a price per hour. Each respondent either got one of the two versions.
The price levels were calculated based on existing costs for car sharing systems (Dieten, 2015). It should be
noted that the price levels are calculated in 2015, it has not been researched if these price levels are still
representative for the car sharing systems anno 2020.
First the choice alternatives are designed and next the choice sets are constructed. In a full factorial design, all
possible combinations of the attribute levels are used (Hensher, Rose, & Greene, 2015). However, due to the
many attributes and attribute levels, a full factorial design is practically impossible. A full factorial design
would result in 384 choice alternatives (25*34*41)(Dieten, 2015). Based on fractional factorial design the
number of alternatives is reduced to 16. Next, 8 choice sets consisting of two specified alternatives and one
non-of-these alternatives were constructed. In the survey, each respondent had to fill in 4 choice sets per trip
purpose. Respondents were randomly assigned to the price per kilometer or price per hour version.
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3.3.2
ODiN data (CBS & RWS, 2018)
ODiN data (CBS & RWS, 2018) is used to apply the models. The purpose of the ODiN (CBS & RWS, 2018) is to
provide information on the daily mobility of the Dutch population. The data is collected for, among others,
the Dutch Ministry of Infrastructure and Water management. The information is mainly used in the
developing and testing of traffic and transport policy in the Netherlands (CBS & RWS, 2018).
The ODiN research (CBS & RWS, 2018) is a continuous examination to the travel behavior of Dutch people. In
the ODiN survey (CBS & RWS, 2018), participants report their trips on a predetermined day of the year.
Respondents keep a record of where they are going, for what purpose, with what means of transport, and
how long it takes to get there. Information about the trip, socio-demographic characteristics, household
characteristics, possession of driving license, and possession of transportation modes are asked. The research
concerns residents of the Netherlands, in private households, on Dutch territory.
3.3.3
Built environment data
Statistics Netherlands publishes yearly statistics by zip code (CBS, 2015) (CBS, 2018). The statistics concern
data about inhabitants, households, social security, income, dwellings, energy and proximity of facilities. The
data is available in the form of ESRI™ shape files. Data of the Statistics Netherlands will be used to include
characteristics of the built environment in the models.
The characteristics are added to the other data based on the numeric part of the zip code (PC4) of the
respondents’ home location. The characteristics that will be used are:
• Distance to nearest large supermarket.
• Distance to nearest other daily groceries.
• Distance to nearest café.
• Distance to nearest primary school.
• Distance to nearest main road entranceway.
• Distance to nearest train station.
• Distance to nearest major interchange station.
The distance is calculated as: the average distance of all inhabitants of a municipality to the facility, calculated
by road. The characteristics are related to the ability to live without a car, as indicated in the conceptual
model.
In addition, urbanity will be used. The urbanity is based on the density of addresses in the surrounding area, in
the case of a municipality, the average urbanity of all addresses in the municipality. The categorization is as
follows:
• 1. Very strong urbanity
• 2. Strong urbanity
• 3. Moderate urbanity
• 4. Small urbanity
• 5. Non-urbanity

(more than 2,500 addresses per km²).
(1,500 to 2,500 addresses per km²).
(1,000 to 1,500 addresses per km²).
(500 to 1,000 addresses per km²).
(less than 500 addresses per km²).

The reference date of the built environment data that is added to the stated choice data of (Dieten, 2015) is 1
January 2015. The reference date of the built environment data that will be added to the ODiN data (CBS &
RWS, 2018) is 1 January 2018. In doing so, the date of the built environment data corresponds to the date of
Dieten (2015) and CBS & RWS (2018).
Table 4 shows an overview of the available data and the source of these data.
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Table 4: Overview of available data

Socio-demographic characteristics
Gender
Age
Education level *
Household situation
Income *
Car ownership
Trip characteristics / current travel behavior
per trip purpose
Trip mode
Trip frequency *
Trip distance
Trip duration
Built environment characteristics
based on zip code of respondent’s house location
Distance to nearest large supermarket
Distance to nearest other daily groceries
Distance to nearest café
Distance to nearest primary school
Distance to nearest main road entranceway
Distance to nearest train station
Distance to nearest major interchange station
Urbanity
Car sharing system characteristics
Booking in advance
Personal contact
Cost
Reserved parking
Return car
Fuel type
Location

Model specification
Model estimation

Model application

(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)

(CBS & RWS, 2018)
(CBS & RWS, 2018)
(CBS & RWS, 2018)
(CBS & RWS, 2018)
(CBS & RWS, 2018)
(CBS & RWS, 2018)

(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)

(CBS & RWS, 2018)
(CBS & RWS, 2018)
(CBS & RWS, 2018)

(CBS, 2015)
(CBS, 2015)
(CBS, 2015)
(CBS, 2015)
(CBS, 2015)
(CBS, 2015)
(CBS, 2015)
(CBS, 2015)

(CBS, 2018)
(CBS, 2018)
(CBS, 2018)
(CBS, 2018)
(CBS, 2018)
(CBS, 2018)
(CBS, 2018)
(CBS, 2018)

(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)

Based on scenario
Based on scenario
Based on scenario
Based on scenario
Based on scenario
Based on scenario
Based on scenario

* The income of a respondent is known in the survey of Dieten (2015) and in the ODiN data (CBS & RWS,
2018) but measured on different scales and therefore not usable in the model estimation process.
* The educational level of a respondent is known in the survey of Dieten (2015) and in the ODiN data (CBS &
RWS, 2018) but measured on slightly different scales. In the model estimation process, the differences in
scales should be taken into account. See also chapter 4.1.
* The trip frequency is not asked in the ODiN survey (CBS & RWS, 2018).
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3.3.4
Data preparation
After collecting the data, the data of Dieten (2015) is prepared to specify the models. The ODiN data (CBS &
RWS, 2018) is prepared to apply the models. For the stated choice data of Dieten (2015), the categorical
measured data is coded, the data is reformatted from a single-line format to a multi-line format, and the
difference in number of alternatives is considered.
First, the data of Dieten (2015) is coded. Since the level of measurement of most collected data is nominal or
ordinal, coding is needed to use the variables in the models. An example of a categorical measured variable is
age, respondents indicated their age in categories of 10 years. To code the data, effect coding is used. The
advantage of effect coding, compared to dummy coding, is that it is easier to distinguish the base level of an
attribute and the grand mean of the utility function (Hensher, Rose, & Greene, 2005). Figure 17 shows the
coding structure for attributes up to 5 levels. The number of new variables created is equivalent to the
number of levels of the attribute being coded, minus one. The third level of the attribute, the base level, is
represented as a -1 across each of the new variables (Hensher et al., 2005).

Figure 17: Effects coding format (Hensher et al., 2005).

Next, the single-line data is formatted to multi-line data. After collecting the data, each respondent is entered
in a single line. However, NLOGIT 6 by Econometric Software Inc. (2016), the program that will be used to
estimate the models requires a separate row of data for each alternative within a choice set. NLOGIT 6
(Econometric Software Inc., 2016) is a program that could be used for estimation, simulation and analysis of
multinomial choice data.
In addition, the data was collected using a choice set with 3 alternatives (sharing system 1, sharing system 2,
none). The model will be applied in a setting with 2 alternatives (sharing system, none). This effect is taken in
consideration during formatting the data. See Appendix III for a more detailed explanation of the data
preparation.
After preparing the data of Dieten (2015), the ODiN (CBS & RWS, 2018) data is prepared. The ODiN data (CBS
& RWS, 2018) is coded to match the data of Dieten (2015), for example, the age of a respondent is coded to
match the categories of the survey.
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3.4

Discrete choice models

After preparing the data, various discrete choice models are specified. Discrete choice models will be used to
calculate the probability that a respondent of the ODiN research (CBS & RWS, 2018) would use the available
car sharing system for a trip. The models are based on the socio-demographic characteristics of the
respondent, trip characteristics of the current travel behavior, built-environment characteristics of the
respondents’ house location, and characteristics of the car sharing system. As stated before, NLOGIT 6
(Econometric Software Inc., 2016) will be used to estimate the models.
3.4.1
Test for multicollinearity
Before specifying the models, the correlation between the variables is checked. If the explanatory variables
are correlated with each other, it is difficult to determine the contribution of each independent attribute.
Moreover, parameters estimated from correlated variables are likely to be incorrectly estimated and, in some
instances, have the incorrect sign (Hensher et al., 2005). Several methods exist to test for multicollinearity.
Hensher et al. (2005) stated that the most commonly used method is the generation of bivariate or pairwise
correlation coefficients. When correlation exists between 2 variables it may be determined that the
correlation between these two variables could cause problems for model estimation. A correlation of, for
example, 0.8 could be used as a cut-off to determine that the correlation is too high model estimation. The
cut-off point is not fixed, this is an arbitrary rule. The test for multicollinearity is presented in chapter 4.3.
3.4.2
Types of discrete choice models
After checking the correlations between the variables, several discrete choice models are specified. The
principles of several discrete choice models are described in this section. The random utility model of
consumer choice is the fundamental basis of the described discrete choice models (Greene, 2007).
𝑈(𝑐ℎ𝑜𝑖𝑐𝑒 1) = 𝑓1 (𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠 𝑜𝑓 𝑐ℎ𝑜𝑖𝑐𝑒 1, 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟, 𝜀1 , 𝑣, 𝑤)
…
𝑈(𝑐ℎ𝑜𝑖𝑐𝑒 𝐽) = 𝑓𝐽 (𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠 𝑜𝑓 𝑐ℎ𝑜𝑖𝑐𝑒 𝐽, 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟, 𝜀𝐽 , 𝑣, 𝑤)
These functions describe the utility (or satisfaction) to a consumer, or more general the utility of J possible
choices to the decision maker (Greene, 2007). The utility is a function of attributes of the choices, the
characteristics of the consumer, random choice specific elements of preferences, εJ, that may be known to
the chooser but are unobserved by the analyst and random elements v and w, that will capture the
unobservable heterogeneity across individuals. Parameters are estimated that represent the contribution of
attributes to the overall level of (relative) utility associated with each alternative in a choice set. A crucial
element of the underlying theory is the assumption of utility maximization (Greene, 2007):
𝑈(𝑐ℎ𝑜𝑖𝑐𝑒 𝑗) > 𝑈(𝑐ℎ𝑜𝑖𝑐𝑒 𝑞) ∀ 𝑞 ≠ 𝑗
The observed outcome variable is then:
𝑦 = 𝑡ℎ𝑒 𝑖𝑛𝑑𝑒𝑥 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐ℎ𝑜𝑖𝑐𝑒
The model that describes the determination of y is based on the assumptions about the random elements in
the utility function (Greene, 2007). Where Y is the random variable that will be the observed discrete
outcome:
𝑃𝑟𝑜𝑏(𝑌 = 𝑗) = 𝑃𝑟𝑜𝑏(𝑈(𝑐ℎ𝑜𝑖𝑐𝑒 𝑗) > 𝑈(𝑐ℎ𝑜𝑖𝑐𝑒 𝑞) ∀ 𝑞 ≠ 𝑗)
The parameters in the utility function and, possibly, the parameters of the random components are object of
estimation (Greene, 2007). Several models that arise from the random utility framework are described. The
described models are the Multinomial Logit model, Latent Class model, and Mixed Logit model. NLOGIT 6
(Econometric Software Inc., 2016) will be used to specify the models.
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Multinomial Logit model
The most important choice model is the multinomial logit (MNL) model. It is known as the “workhorse” of
discrete choice analysis. For many years this was the only easily estimated model in the sense of both
available software and ease of interpretation and application. However, it was always recognized that
imposing the IID condition (“independently and identically distributed”) on the random components of the set
of utility expressions is potentially limiting (Hensher et al., 2005). The IID condition will be explained in this
section.
The random utility model:
𝑈(𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 0) = V𝑖0 + 𝜀𝑖0
𝑈(𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 1) = V𝑖1 + 𝜀𝑖1
…
𝑈(𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝐽) = V𝑖𝐽 + 𝜀𝑖𝐽
Observed 𝑦𝑖 = choice 𝑗 if 𝑈𝑖 (alternative 𝑗 ) > 𝑈𝑖 (alternative 𝑞)∀ 𝑞 ≠ 𝑗
Each alternative is compared, and the one that yields the highest level of utility is chosen by an individual. The
choice probabilities are:
𝑃𝑟𝑜𝑏(𝑐ℎ𝑜𝑖𝑐𝑒 𝑗) = 𝑃𝑟𝑜𝑏(𝑈𝑗 > 𝑈𝑞 ), ∀ 𝑞 ≠ 𝑗
𝑒 𝑉𝑗
= 𝐽
, 𝑗 = 0, … , 𝐽
∑𝑞=0 𝑒 𝑉𝑗
However, the analyst is less confident in picking the most preferred alternative because he lacks information.
The simplest starting assumption is that the set of unobserved components, while each having their own
unique mean value, are independent, with the exact same distributions. This set of assumptions is referred to
as the IID condition (Greene, 2007). The IID condition provides the most restrictive assumption of
interdependencies between alternatives (Hensher et al., 2005). The IID condition is an appropriate starting
position for the derivation of the choice model because of its simplicity, the downside, the condition is
behaviorally restrictive (Hensher et al., 2005). Hensher et al. (2005) considers the IID condition as a
convenient assumption to work with initially, opening up the opportunity to test less restrictive assumptions
once you have got sufficient confidence in estimating and interpreting the outputs of a model.
The latent class model and mixed logit model are extensions of the basic multinomial logit model. These
models relax the IID condition, which make it possible to estimate more complex, and hopefully more
behaviorally realistic, models (Hensher et al., 2005).
Latent Class model
The traditionally used models describe relationships between observed variables. Latent class models differ
from these by including one or more discrete unobserved variables. Latent class model groups respondent in
hidden homogeneous segments. Different regressions are estimated for each segment (Magidson & Vermunt,
2002). The classes (or segments) in the population, are each associated with a different β in the corresponding
utility function (Hensher et al., 2005).
Identification of the segments and calculating regression models between segments and variables can be
performed simultaneously. Latent class models do not rely on the traditional modelling assumptions (linear
relationship, normal distribution, homogeneity), which are often violated in practice. Hence, latent class
models are less subject to biases associated with data not conforming to these model assumptions (Magidson
& Vermunt, 2002).
Latent class analysis consists of 4 simultaneous steps (Magidson & Vermunt, 2002): 1. Identify latent classes.
2. Predict class membership. 3. Classify cases into the appropriate class. 4. Estimate regression models for
each class.
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Mixed logit model
The mixed logit model is another model that could add value to the MNL-model. The mixed logit model is also
known as the random parameter’s logit model, mixed multinomial logit, or hybrid logit model (Hensher et al.,
2005).
The mixed logit model is based on the same basis as the MNL model. An individual faces a choice among J
alternatives. The individual considers the full set of alternatives and chooses the alternative with the highest
utility (Hensher et al., 2005).
The mixed logit model differs from the basic MNL model by the distribution of the parameters across
individuals. By varying the parameters from one individual to another, the model takes the heterogeneity of
the population into account. The distribution is based on parameters. The β is replaced by two parameters
representing the mean α and standard deviation σ of β. If both are 0 then the original MNL model with a
normal-logistic mixture for the random part of the MNL model arises. A mixed logit model is estimated by
simulating the log-likelihood function rather than direct integration to compute the probabilities (Greene,
2012).
3.4.3
Comparing the models
After estimation of the models, the performance of the models can be compared. Two tests are used, the log
likelihood ratio test and Mc Fadden’s rho square test. Both tests use the log likelihood of the models.
The objective of the analyst is to estimate the unknown parameters, β, of the model (Hensher et al., 2015).
The most common approach to estimate the parameters is the maximum likelihood estimation. The likelihood
function is defined to maximize the predictions obtained by the model, and thus to identify the parameters
that best fit the model. The log of the likelihood (LL) function instead of the likelihood function is mostly used
since these values are easier to work with (Hensher et al., 2015).
Log-likelihood ratio test
The log-likelihood ratio test is performed by estimating two models and comparing the fit of one model to the
fit of the other. Mostly, removing predictor variables from a model will make the model fit less well. However,
it is necessary to test whether the observed difference in model fit is statistically significant (UCLA: Statistical
Consulting Group, n.d.).
The log-likelihood ratio test is based on twice the difference of the log-likelihood of the unrestricted (MNL)
model and the restricted model. The results of the test could be considered as a chi square distribution
(Hensher et al., 2015).
𝐿𝑅 = 2(log 𝐿|𝑢𝑛𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 𝑚𝑜𝑑𝑒𝑙 − log 𝐿|𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 𝑚𝑜𝑑𝑒𝑙)
The degrees of freedom for the critical Chi-square statistic is equal to the difference between the number of
parameters estimated between the two models. The test-statistic is compared to the Chi-square critical value.
If the difference is statistically significant, the hypothesis that the new model does not statistically improve
the LL over the previous model can be rejected (UCLA: Statistical Consulting Group, n.d.). And thus, conclude
that the LL of the restricted model is statistically closer to the unrestricted model (Hensher et al., 2005). Then
the model with more variables is said to fit the data significantly better than the more restrictive model.
Mc Fadden’s rho square test
Often, the LL outputs are converted into a measure that is analogous to the overall fit or R2 of a linear
regression model (Hensher et al., 2015). This pseudo-R2 is calculated by using the next formula:
𝑅2 = 1 −

𝐿𝐿𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑚𝑜𝑑𝑒𝑙
𝐿𝐿𝐵𝑎𝑠𝑒 𝑚𝑜𝑑𝑒𝑙

The results of the test could vary between 0 and 1. Hensher et al. (2015) stated that a pseudo-R2 of 0.3
represents a decent model fit for a discrete choice model. Pseudo-R2 values between the range of 0.3 and
0.4 can be translated as an R2 of between 0.6 and 0.8 for the linear model equivalent (Hensher et al., 2015).
Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
49 of 145

3.4.4
External validation of the models
During the external validation of a model, the predictive performance is evaluated using data that were not
used to develop the model (Collins et al., 2014). Sacks, Rouphail, Park, & Thakuriah (2002) stated that the
model validation is crucial for the use of simulation models in transportation policy, planning, and operations.
The external validity of a model is examined by first defining an actual or new situation, the model is applied
to this (new) situation. Next, the predicted behavior is compared with behavior that is observed in the (new)
situation (Van der Waerden, 2012). Van der Waerden (2012) used a questionnaire to collect data for the
validation. Another method, mentioned by Steyerberg (2018), is to split the data. Data is split in a
development (or training) part, and a validation (or test) part. This results in data that could be used to
validate the model, that has not been used to specify the model. It should be noted that validation studies
should have at least 100 events to be meaningful, and preferably more, not less events (Steyerberg, 2018).
Due to time constraints, the model is not validated by a questionnaire. In addition, due to the relatively small
sample size, splitting the data is not meaningful. External validation of the model is not carried out.
Specifying and comparing the different model types is presented in chapter 5.

3.5

Applying the model

After choosing the best performing model type, models of this type are specified for each trip purpose. After
specifying the models, the models are applied. For trips in the ODiN data (CBS & RWS, 2018), the probability
that the transportation mode is replaced by a shared car is calculated. After calculating the probabilities, it is
researched which transportation modes have a high probability to be replaced by a shared car.
In the survey of Dieten (2015), respondents indicated their preference for the trip purposes: work, shopping,
groceries, and recreation. For each trip motive a model is specified, parameters are estimated per trip
purpose. Since the ODiN (CBS & RWS, 2018) does not differentiate between shopping, and grocery shopping,
one combined model is specified for these two purposes.
As stated before, the models are used to calculate the probability that a respondent would choose the
available car sharing system for a trip. The stated choice experiment of Dieten (2015) was designed to
research the preferences regarding a car sharing system. In the stated choice experiment, respondents could
choose between 3 alternatives (car sharing system 1, car sharing system 2, none). The calculated probabilities,
after applying the models, are based on a situation with 2 alternatives (car sharing system, none/current trip
mode). The data is adapted to incorporate the difference in alternatives during collecting the data and during
applying the models, this process is described in section 3.3.4.
The probability that a transportation mode is replaced, is calculated for ODiN trips (CBS & RWS, 2018) that (1)
match the sample selection, (2) match the trip motive, and (3) have a minimum trip distance. The sample
selection consists of trips conducted by a person aged 18 years or older and in possession of a driving license.
The trip motive should match a motive as defined in the survey. The trip distance should be practically
suitable to use a car. The selection of trips is further explained in chapter 6.
Next, a sharing system is defined by setting a specific value for the walking distance to the shared car, the
price of the shared car, and if the system is free-floating. After selecting the trips and defining the car sharing
system, the utility for car sharing for the selected trips is calculated. The utility is calculated using the output
of the models, a utility function is defined for the car sharing alternative.
The utility function for the car sharing alternative would look like the formula below. The β’s are the
parameters that are estimated. The no choice alternative is devoid of any attribute levels. Although the no
choice alternative does not have any attributes, it does not mean that the decision maker is indifferent to that
alternative. The differences in utility matter, not the absolute values (Hensher et al., 2015).
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V𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟 (𝑠𝑐) = 𝛽0𝑠𝑐 + 𝛽1𝑠𝑐 ∗ 𝑋1𝑠𝑐 + 𝛽2𝑠𝑐 ∗ 𝑋2𝑠𝑐 + 𝛽𝐽 𝑠𝑐 ∗ 𝑋𝐽𝑠𝑐
V𝑛𝑜 𝑐ℎ𝑜𝑖𝑐𝑒 = 0
Based on the utility, the probability that a respondent would make use of the available car sharing system for
a trip is calculated. The probability that a respondent would choose a shared car is calculated using the,
already described, formula below.
𝑃𝑟𝑜𝑏 (𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟) =

𝑒 𝑉𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟
𝑒 𝑉𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟 + 𝑒 𝑉𝑛𝑜 𝑐ℎ𝑜𝑖𝑐𝑒

Since the set of alternatives is mutually exclusive and exhaustive (the probability of an alternative being
selected is constrained to be between zero and one, and the sum of the probabilities for all alternatives must
sum to one), the utilities are related via their associated probabilities (Hensher et al., 2015). The utility
functions are linked in one single model by the choice probabilities. And thus, the probability that a
respondent would not choose a shared car is calculated using the formula below.
𝑃𝑟𝑜𝑏 (𝑛𝑜 𝑐ℎ𝑜𝑖𝑐𝑒) =

𝑒 𝑉𝑛𝑜 𝑐ℎ𝑜𝑖𝑐𝑒
𝑒 𝑉𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟 + 𝑒 𝑉𝑛𝑜 𝑐ℎ𝑜𝑖𝑐𝑒

Or
𝑃𝑟𝑜𝑏 (𝑛𝑜 𝑐ℎ𝑜𝑖𝑐𝑒) = 1 − 𝑃𝑟𝑜𝑏 (𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟)
After calculating the probabilities that respondents would choose a shared car, these probabilities are
researched. It is researched in what types of trips the transportation mode is likely to be replaced by a shared
car. For example, the average probability for car trips is compared with the average probability of public
transport trips.
The models are applied on the ODiN trips (CBS & RWS, 2018). In the ODiN (CBS & RWS, 2018), trips are further
divided into trip legs, see Figure 18 for an example. In this example, the respondent departures from home
with the bike to go to the train station. After a train trip, the respondent uses the bus to go to the arrival
location of the trip, work. The trip consists of 3 trip legs. The main transportation mode of the trip is included
in the ODiN (CBS & RWS, 2018). The main transportation mode is the transportation mode with which the
longest distance during the trip has been covered.

Figure 18: Difference between trip and trip leg.

There are two reasons why the models are applied on the trips and not on the trip legs. First, in the survey of
Dieten (2015), respondents are asked about their current travel behaviour based on trips. By applying the
models on the trips, the models correspond to the questions as asked in the survey. Second, the probability
that respondents would choose a shared car is plotted on maps, information about the location of departure
is not available on the trip leg level. In addition, in case that the probability could be calculated on the trip leg
level, the calculated probability of all three trip legs would be almost the same. The characteristics of the
respondent, the trip motive, and the car sharing system are similar which would result in a similar probability.
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The calculated probabilities of groups are compared by using One-way analysis of variance (ANOVA) tests. The
ANOVA test is used to test if the average probability of 2 or more groups is statistically different from each
other. For example, if the average probability of trips departing from an urban municipality differs from the
average probability of trips departing from a rural municipality. Post hoc tests are used to test how the groups
differ. Using post hoc tests, every group is tested against every other group (Field, 2009). Several post-hoc
tests are available. In this research, the Bonferroni test is used. Bonferroni’s test is conservative, but controls
incorrectly rejected null hypothesis (false positives) very well. False positives are controlled by correcting for
the number of comparisons, this correction is known as the Bonferroni correction (Field, 2009). IBM SPSS
Statistics 25 (IBM Corp., 2017) will be used to carry out the ANOVA and Bonferroni test.
Specifying and estimating the models, selecting the trips, and calculation of the potential is presented in
chapter 6.

3.6

Mapping the potential

After applying the models, the distribution of the probabilities that respondents would use a shared car is
presented on a map. The average probability for all trips departing from a municipality is calculated and
presented. To present the probabilities, the principles of heat maps are used. A heat map visualizes the
calculated probabilities using different colors. At locations with a relatively high probability, car sharing could
be successful. QGIS 3.10 (QGIS Development Team, 2020), a free and open source geographic information
system (GIS), will be used to make these maps. The files including the boundaries of the municipalities are
retrieved from CBS (2018b).
After mapping the probabilities, the potential number of trips that could be replaced by car sharing is
presented. The calculation of the potential number of car sharing trips consists of several steps. First, based
on the population older than 18 years in a municipality and the percentage of people in possession of a
driving license, the people that could use car sharing is calculated. Next, based on the number of people, the
number of trips these people make is calculated. This is done by using the number of trips 1000 people make
per day. The number of trips is multiplied with the average probability that respondents would use a shared
car, in a municipality, to calculate the number of shared car trips. These steps are carried out for each trip
motive and each municipality. The total number of trips is obtained by summing up the trips of the different
motives. Finally, the number of trips is plotted on the maps. Again, QGIS 3.10 (QGIS Development Team,
2020) will be used. Mapping of the potential is presented in chapter 7.

3.7

Conclusion

In this chapter the adopted research approach was described. First, based on the survey of Dieten (2015), it is
attempted to estimate three different types of models. A multinomial logit model, a latent class model, and a
mixed logit model. The performance of these three models is compared. The model type with the best
performance is used in the next stages of the research.
In the next stage, for the best performing model type, models per trip purpose are estimated. These models
are applied to ODiN data (CBS & RWS, 2018). To apply the models, utility functions are drafted based on the
model output. The utility of a shared car for each ODiN trip (CBS & RWS, 2018) is calculated using the utility
functions. Based on the utility, the probability that a respondent would choose a shared car for an ODiN trip
(CBS & RWS, 2018) will be calculated. After calculating the probabilities, it is researched for which types of
trips the respondents would choose a shared car.
Thereafter, the average calculated probabilities per municipality are plotted on a map. The probabilities are
plotted on a map based on the departure location of the ODiN trips (CBS & RWS, 2018). Using these maps, the
locations where car sharing could be successful are discovered. In addition to plotting the probabilities, the
potential number of trips is calculated and plotted.
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4

Descriptive analysis and
bivariate analysis

In this chapter, the descriptive analysis and bivariate analysis are described. The descriptive analysis consists
of a description of the sample and analysis of the expected use of car sharing. The bivariate analysis is
performed for the variables that might be used in the models. The bivariate analysis is, as described in the
research approach, performed to prevent multicollinearity between the independent variables in the models.

4.1

Sample description

First both samples are described, the sample characteristics are shown in Table 5. The sample of the ODiN
(CBS & RWS, 2018) is selected based on the same criteria as the respondents of Dieten’s survey were
selected, 18 years or older and in the possession of a driving license. Both samples are described to research if
the models that are estimated based on Dieten’s survey (Dieten, 2015), can be applied on the ODiN (CBS &
RWS, 2018).
The ODiN (CBS & RWS, 2018) sample is stratified. A stratified sample involves that in the sample design, target
groups are distinguished based on income, age and migration background. The groups have different preestimated response probabilities. Different sample fractions are drawn from the groups in such a way that the
final response distribution among the groups is close to that of the population (CBS & RWS, 2018). The
sampling margin of the ODiN (CBS & RWS, 2018), for the total number of passenger kilometers in the
Netherlands in a year, is 1.9% (with a 95% reliability).
The sample is compared to the ODiN (CBS & RWS, 2018). Before both samples are compared, a remark needs
to be made. The defined categories for the educational level differ between the two surveys, see Appendix IV
for the categories. Therefore, a perfect comparison is not possible. In addition, the defined categories for
income are different. The levels for income are such different that a comparison is not possible at all, see
Appendix IV for the defined income levels. The educational level of the respondents could be used if the
categories that differ are merged. In doing so, different educational level categories become one identical
category.
Table 5 shows that more respondents of the ODiN survey (CBS & RWS, 2018) are men. Furthermore, the ODiN
survey (CBS & RWS, 2018) has more respondents of 70 years or older. Next, the ODiN survey (CBS & RWS,
2018) has more respondents with none, basic or primary education. In addition, the percentage of
respondents with secondary education and secondary vocational education show some differences. It should
be noted that this difference is probably caused by the difference in category definition. Finally, slightly more
respondents of the ODiN survey (CBS & RWS, 2018) have a car. Although differences between the samples are
observed, it is considered that models estimated based on Dieten’s survey (Dieten, 2015), can be applied on
the ODiN (CBS & RWS, 2018).
In addition, the trip characteristics as collected in the survey of Dieten (2015) and as collected in the ODiN
(CBS & RWS, 2018) are compared, see Appendix V. In summary, in the ODiN (CBS & RWS, 2018), for work
longer trip distances are reported, for shopping and recreation shorter trip distances are reported. In the
ODiN, for work and shopping longer trip durations are reported, for recreation shorter trip durations are
reported. For work and shopping trips, similar trip modes are reported. For recreation, more bike trips but
less car trips are reported in the ODiN (CBS & RWS, 2018).
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Table 5: Description of the samples of Dieten (2015) and of the ODIN (CBS & RWS, 2018)

Men
Women

Dieten (2015)
Frequency
204
206

Dieten (2015)
Percent
49.8%
50.2%

ODiN (CBS & RWS, 2018)
percent
54.5%
45.5%

18 to 20 years
20 to 30 years
30 to 40 years
40 to 50 years
50 to 60 years
60 to 70 years
70 years or older

7
69
76
81
94
71
12

1.7%
16.8%
18.5%
19.8%
22.9%
17.3%
2.9%

2.2%
14.3%
15.5%
17.4%
19.4%
16.7%
14.5%

None, basic or primary education
Secondary education
Secondary vocational education
Higher, or academic education
Other or unknown education

3
58
180
169

0.7%
14.1%
43.9%
41.2%

3.0%
17.8%
33.9%
42.8%
2.5%

Very strong urbanity
Strong urbanity
Moderate urbanity
Small urbanity
Non-urbanity
Unknown

75
131
75
73
53
3

18.3%
32.0%
18.3%
17.8%
12.9%
0.7%

20.8%
30.8%
17.2%
22.8%
8.4%
0%

Single without kids
Single with kids
Multi person household without kids
Multi person household with kids
Other

76
16
159
148
11

18.5%
3.9%
38.8%
36.1%
2.7%

17.3%
4.4%
38.1%
38.0%
2.2%

Income - Did not say
Less than €12,500
Between €12,500 - €26,200
Between €26,200 - €38,800
Between €38,800 - €65,000
Between €65,000 - €77,500
More than €77,500

70
32
75
121
88
12
12

17.1%
7.8%
18.3%
29.5%
21.5%
2.9%
2.9%

0 cars in household
1 or more cars in household

48
362

11.7%
88.3%
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4.2

Expected use of car sharing

In the survey of Dieten (2015), respondents are asked if they use car sharing at the moment. In addition, the
respondents who did not use car sharing have been asked if they expect to use car sharing in the future. The
models that are specified in the next chapter are based on the stated choice part of the survey of Dieten
(2015). These questions are directly asked and thus another part of the survey.
Before asking the questions, the sharing economy and car sharing are explained. The most important
differences between B2C car sharing and P2P car sharing are explained. In addition, it is stressed that the
questions do not concern regular car rentals, carpooling, hitchhiking, and ride hailing.
Appendix VI shows the current use of car sharing. Of the respondents of Dieten's (2015) survey, 10 percent
use car sharing at this moment. Of the respondents that do not use car sharing, indicate most respondents
that they will ‘probably not’ use car sharing, or ‘maybe’ will use it.
Figure 19 shows the expected use of car sharing. Of the respondents, 369 answered this question, the other
41 respondents already use car sharing. As can be seen in the figure, most respondents indicate that they will
probably not use car sharing, or maybe will use it. 12% of the respondents indicated that they will probably
use car sharing. Only 2% of the respondents indicated that they will for sure use car sharing.

Expected use of car sharing (n=369)
40%
30%
20%
10%
0%
No, never

Probably not

Maybe

Probably yes

Yes, for sure

Figure 19: Expected use of car sharing.

Next, the expected use in relation with socio-demographic characteristics of the respondents is researched.
These insights could be used to decide which characteristics are useful to include in the models. Dieten (2015)
researched the expected use of car sharing but did the expected use not research in relation with the sociodemographic variables.
As can be seen in Figure 20, respondents who did not own a car indicate a higher expected use of car sharing
compared to respondents who owned a car.

Expected use of car sharing (n=369)
50%
40%
30%

Car owner (n=327)

20%

No car owner (n=42)

10%
0%

No, never

Probably not

Maybe

Probably yes Yes, for sure

Figure 20: Expected use of car sharing in relation with car ownership.
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Figure 21 shows that the male respondents indicated more to use car sharing ‘maybe’ or ‘probably yes’
compared to the female respondents. Women indicate more ‘no, never’ and ‘probably not’.

Expected use of car sharing (n=369)
50%
40%
30%

Male (n=179)

20%

Female (n=190)

10%
0%
No, never

Probably not

Maybe

Probably yes

Yes, for sure

Figure 21: Expected use of car sharing in relation with gender.

The relation between age and expected use of car sharing is less clear, see Figure 22. Younger respondents
seem to indicate more that they will probably use car sharing. Some age groups of the original data are
merged to prevent a small number of observations in one category.

Expected use of car sharing (n=369)
50%
40%

18 to 30 years (n=70)

30%

30 to 40 years (n=68)
40 to 50 years (n=70)

20%

50 to 60 years (n=87)

10%

60 years or older (n=74)

0%
No, never Probably not

Maybe

Probably yes Yes, for sure

Figure 22: Expected use of car sharing in relation with age.
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Figure 23 shows the relation between expected use of car sharing and the educational level of the
respondent. Some educational level groups of the original data are merged to prevent a small number of
observations in one category. Respondents with a lower level of education seem to indicate frequenter that
they do not ever expect to use car sharing or will probably not use car sharing. Respondents with a higher
level of education seem to indicate more frequently that they will ‘maybe’, ‘probable yes’, and ‘yes, for sure’
use car sharing.

Expected use of car sharing (n=369)
50%
40%

None, basic, primary or secondary
education (n=59)

30%

Secondary vocational education
(n=159)

20%

Higher vocational education (n=124)

10%
Academic education (n=27)
0%
No, never

Probably not

Maybe

Probably yes Yes, for sure

Figure 23: Expected use of car sharing in relation with educational level.

The relation between expected use of car sharing and income is shown in Figure 24. Some income groups of
the original data are merged to prevent a small number of observations in one category. It seems that
respondents with a middle income expect to use car sharing. Respondents with a higher income seem not to
expect to use car sharing.

Expected use of car sharing (n=369)
50%
Did not say (n=63)

40%

Less than €12.500 (n=31)

30%

Between €12.500 - €26.200 (n=67)

20%

Between €26.200 - €38.800 (n=112)

10%

Between €38.800 - €65.000 (n=73)
More than €65.000 (n=23)

0%
No, never

Probably not

Maybe

Probably yes Yes, for sure

Figure 24: Expected use of car sharing in relation with income.
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Figure 25 shows the expected use of car sharing and household situation. It could be seen that the
respondents who are part of a ‘single with kids’ household indicate relatively more that they will probably and
will for sure use car sharing. It should be noted that this group consists of only 14 respondents.

Expected use of car sharing (n=369)
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

Single without kids (n=70)
Single with kids (n=14)
Multi person household without kids
(n=147)
Multi person household with kids
(n=128)
No, never

Probably not

Maybe

Probably yes Yes, for sure

Other (n=10)

Figure 25: Expected use of car sharing in relation with household size.

Figure 26 shows the expected use of car sharing and urbanity of the respondents’ home location.
Respondents living in a low urban area indicated more that they probably not use car sharing. Respondents
living in a high urban area indicated more that they maybe use car sharing. Of 3 respondents the urbanity of
the home location is missing, these respondents provided a non-existing zip code or the zip code of a mailbox.

Expected use of car sharing (n=366)
50%
40%

Very strong urbanity (n=66)

30%

Strong urbanity (n=118)

20%

Moderately urbanity (n=66)

10%

Small urbanity (n=68)
Non-urbanity (n=48)

0%
No, never

Probably not

Maybe

Probably yes

Yes, for sure

Figure 26: Expected use of car sharing in relation with urbanity.

It should be noted that these questions are based on the expectation of people, not on the willingness. It is
possible that a person in, for example, a rural area is willing to use car sharing but does not expect that a car
sharing system will become available in the neighborhood.
Based on these analyses, it seems that respondents without a car, male respondents, educated respondents,
and respondents living in an urban area seem to have a higher expectation to ever use car sharing. These
findings are in line with the findings of Münzel et al. (2019) in the literature research. The relationship
between age and expected use of car sharing is less clear. While in the literature research it was found that
car sharing users are in general young (Münzel et al., 2019)(Liao et al., 2020), this finding is thus not
supported. Also, the relationship between household size and expected use of car sharing is less clear. In the
literature research also no clear relationship between car sharing use and household size was found (Münzel
et al., 2019). Most respondents that expect to use car sharing seem to have a middle income. In the literature
research, most studies state that car sharing users have a high income (Münzel et al., 2019) (Liao et al., 2020).
although, in the literature research it was also found that people with a middle income are more likely to join
car sharing according to Efthymiou & Antoniou (2016).
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Summarizing, in line with the literature research it seems that: respondents without a car, male respondents,
educated respondents, and respondents living in an urban area expect to use car sharing. It is likely that these
characteristics are useful to include in the models.

4.3

Bivariate analysis

As described in the research approach, to prevent multicollinearity it is necessary to check if the independent
variables are correlated. In Appendix VII, the full SPSS correlation tables are presented. The findings are
summarized in this section. IBM SPSS Statistics 25 (IBM Corp., 2017) is used to perform the bivariate analysis.
Table 6 shows which socio-demographic variables are correlated. Table 7 shows the trip characteristics that
are correlated. The correlations between the characteristics of the built environment are presented in Table
8. Table 9 shows the correlations between the attributes of the sharing system. Variables with a correlation of
at least 0.5 at the 99% confidence level are marked as correlated (red box). A green box in the tables indicates
that there is no significant relationship between the variables.
Table 6: Correlation socio-demographic characteristics.

Car owner
Gender
Age
Education
Income
Household situation

Car owner
-

Gender
-

Age
-

Education
-

Income
-

Household situation
-

As can be seen in Table 6, none of the socio-demographic variables are correlated.
Table 7: Correlation trip characteristics.

Trip frequency
Trip distance
Trip duration
Trip mode

Trip frequency
-

Trip distance
-

Trip duration
-

Trip mode
-

As can be seen in Table 7, all trip characteristics are correlated.
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Table 8: Correlation built environment characteristics.

Distance to

Supermarket

Other
groceries

Café Highway

Supermarket
Other groceries
Café
Highway
Major train
station
Train station
Primary school
-Urbanity

-

-

-

-

Major
train
station
-

Train
station

Primary
school

-Urbanity

-

-

-

-

-

-

As can be seen in Table 8, some characteristics of the built environment are correlated.
Table 9: Correlation car sharing system characteristics.

Booking in
advance
Personal
contact
Cost
Reserved
parking
Return car
Fuel type
Location

Booking in
advance
-

Personal
contact
-

Cost Reserved
parking
-

Return
car
-

Fuel
type
-

Location

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

As can be seen in Table 9, none of the characteristics of the car sharing system are correlated.
Since none of the socio-demographic variables and none of the attributes of the car sharing system are
correlated. The socio-demographic variables could be used together in one model, and the attributes of the
system could be used in one model. In contrast, since all trip characteristics are corelated. These variables
could not be used together in one model. Finally, some of the characteristics of the built environment are
correlated. Some of these could be used together in one model, and some of these could not be used in one
model.
It should be noted that the table for the trip characteristics is based on the data regarding the trips with a
work motive. It is possible that for the other motives (some) of the trip characteristics are not correlated, and
thus could be used together in one model. The opposite could also be true. Characteristics that are not
correlated for the work motive, and thus could be used together in one model, could be correlated for other
motives and could thus not be used in one model.
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4.4

Conclusion

In this chapter, the descriptive analysis and bivariate analysis were described. The descriptive analysis consists
of a description of the samples, and figures about the expected use of car sharing. The bivariate analysis is
conducted to prevent multicollinearity in the models.
The sample description showed some differences between the survey of Dieten (2015) and the ODiN survey
(CBS & RWS, 2018). In the ODiN survey (CBS & RWS, 2018), more respondents are men, more respondents are
70 years or older, more respondents with none, basic or primary education, and more respondents have a
car. However, overall, the samples seem reasonably comparable.
Respondents without a car, male respondents, highly educated respondents, and respondents living in an
urban area seem to have a higher expectation to ever use car sharing. These variables seem to be useful to
include in the models. These findings are in line with the literature research.
The bivariate analysis shows that the socio-demographic characteristics, and the characteristics of the car
sharing system could be used together in one model. The characteristics of the trip are correlated and could
thus not be used together in one model. Most of the characteristics of the built environment could be used
together in one model however, some are correlated and could thus not be used in one model.
In the next chapter it is attempted to estimate 3 different types of discrete choice models. Thereafter, the
performance of these model types is compared.
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5

Model specification and estimation

In this chapter, various discrete choice models are specified and estimated. As discussed in the research
approach, it is attempted to specify and estimate 3 different types of models, a multinomial logit model, a
latent class model, and a mixed logit model. After estimating the models, the performance of the models is
compared. The model with the best performance will be applied to the mobility data. The models in this
chapter are specified for the travel purpose work.
In the next chapter, the selected model will be used to calculate the potential demand for car sharing. In the
next chapter also models for the travel purposes (grocery) shopping and recreation are specified.

5.1

Model 1 – Multinomial Logit model

In Table 10, the parameters and corresponding significance levels of the multinomial logit model are
presented. In addition, the part-worth utilities are calculated. The detailed NLOGIT 6 (Econometric Software
Inc., 2016) output is presented in Appendix VIII.
Table 10: Part-worth utilities multinomial logit model.

Variable
Constant

0.23823

***

p
0.0053

Cost: € 0.3 per km
Cost: € 0.4 per km
Cost: € 0.5 per km
Cost: € 0.6 per km

0.36237
-0.18216
0.16080
-0.34101

**
*
***

0.0139
0.0645
0.0000

Cost: € 4 per hour
Cost: € 5 per hour
Cost: € 6 per hour
Cost: € 7 per hour

0.37970
-0.00941
0.12669
-0.49698

***

0.8915
0.1250
0.0000

No fixed location for car (free-floating)
Fixed location for car

0.08384
-0.08384

***

0.0047

5-minute walk
10-minute walk
15-minute walk

0.21768
-0.10519
-0.11249

**
**

0.0198
0.0212

Age: 18 to 40
Age: 40 to 60
Age: 60 years or older

0.45685
-0.19848
-0.25837

***
***

0.0000
0.0019

Education: Basic, primary, secondary (vocational)
Education: Higher vocational or academic

-0.17708
0.17708

***

0.0002

Car owner
No car owner

-0.59505
0.59505

***

0.0000

Gender: Male
Gender: Female

0.13230
-0.13230

***

0.0041

Trip mode: Not applicable
Trip mode: Car
Trip mode: Other

-0.58758
0.32995
0.25763

***
***

0.0000
0.0004
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Of the car sharing system, price, if it is a free-floating system, and walking distance to the shared car are
included in the model. These characteristics show significant parameters. The respondents prefer a lower
price, a free-floating system, and a short walking distance to the location where the shared car is offered.
These findings are in line with the literature research, the main motivations to use car sharing are costs and
convenience. If a reservation is needed, if personal contact is needed, if reserved parking is available, and if
the shared car is electric are not included in the model. These characteristics are not included in the model
since they had low coefficients, no significance, or both.
All socio-demographic characteristics, except income and household situation are included in the model.
Income is not included in the model since the income levels are different from the income levels in the ODiN
data (CBS & RWS, 2018). If income is included in the model, applying the model is difficult. Household
situation is not included since the previous paragraph showed that the relation between household situation
and willingness to use car sharing is not clear. All socio-demographic characteristics are significant on the 99%
confidence level. Younger respondents prefer car sharing more compared to older respondents, respondents
with a higher educational level prefer car sharing more than lower educated respondents, car owners prefer
car sharing less than non-car owners prefer car sharing, and male respondents prefer car sharing more than
female respondents. These findings are in line with the literature research.
Since the trip characteristics are correlated, only transportation mode is included in the model. The
transportation mode is significant on the 99% confidence level. Respondents that indicated to use a
transportation mode prefer car sharing over respondents that indicated that a transportation mode ‘did not
apply’. During applying the model is ‘trip mode not applicable’ not an option, this attribute level is not part of
the utility function. Respondents of the stated choice experiment could indicate ‘trip mode not applicable’ if
they did not make a trip. Since the models are applied on trips is this attribute level, a priori, not possible.
The built-environment characteristics appeared to have very low coefficients and significance levels, therefore
are these not included in the model.

5.2

Model 2 – Latent Class model

Based on the independent variables that are included in the multinomial logit model it is attempted to
estimate a latent class model. However, using NLOGIT 6 (Econometric Software Inc., 2016) no model could be
estimated. Latent class models using other independent variables are also specified, again no model could be
estimated. Further research is needed to estimate a latent class model based on the available stated choice
data.
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5.3

Model 3 – Mixed Logit model

Next, a mixed logit model is specified. In Table 11, the parameters and corresponding significance levels are
presented. In addition, the part-worth utilities are calculated. The detailed NLOGIT 6 (Econometric Software
Inc., 2016) output is presented in Appendix VIII.
Table 11: Part-worth utilities mixed logit model.

Random parameter
Constant
Constant - σ

β
4.37633
7.96468

Non-random parameter
Cost: € 0.3 per km
Cost: € 0.4 per km
Cost: € 0.5 per km
Cost: € 0.6 per km

0.42753
-0.16001
0.05569
-0.32321

Cost: € 4 per hour
Cost: € 5 per hour
Cost: € 6 per hour
Cost: € 7 per hour

0.46105
-0.01013
0.15449
-0.60541

No fixed location for car (free-floating)
Fixed location for car

0.07394
-0.07394

5-minute walk
10-minute walk
15-minute walk

0.22475
-0.11363
-0.11112

Age: 18 to 40
Age: 40 to 60
Age: 60 years or older

1.87039
-1.02082
-0.84957

Education: Basic, primary, secondary (vocational)
Education: Higher vocational or academic

-0.82134
0.82134

Car owner
No car owner

-3.14224
3.14224

Gender: Male
Gender: Female

0.48207
-0.48207

Trip mode: Not applicable
Trip mode: Car
Trip mode: Other

-3.20545
1.72831
1.47714

***
***

p
0.0000
0.0000

***

0.0794
0.6490
0.0015

***

0.9070
0.1917
0.0000
0.0451

**
*

0.0391
0.0696

**

0.0120
0.1312

0.1032
***

0.0008
0.3165

**
*

0.0130
0.0528

The included variables are the same variables as in the multinomial logit model. The characteristics of the
built environment showed no significance and are therefore not included in the model. Only for the constant
a random parameter is considered. This is done to keep the model simple when applying it. The model is
estimated using 1000 draws.
A low price, free-floating system, and short walking distance are again preferred characteristics of the car
sharing system. Respondents who are young, have a higher educational level, do not own a car, and are male
again prefer car sharing over the other respondents.
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5.4

Performance of the models

The performance of the three models is compared using the statistics presented in section.
Table 12: Log-likelihood ratio test.

Multinomial logit
Latent class
Mixed logit

𝑳𝑳𝑩𝒂𝒔𝒆 𝒎𝒐𝒅𝒆𝒍
-4247.2351
-4247.2351

𝑳𝑳𝑬𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 𝒎𝒐𝒅𝒆𝒍
-3136.91525
-2419.23325

𝑳𝑹
2220.63973
3656.00373

𝝌𝟐 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝒗𝒂𝒍𝒖𝒆
(18;0.01) = 34.805
(18;0.01) = 34.805

Table 12 shows that all three models perform significantly than the null model. In addition, the table shows
that the performance of the mixed logit model is better compared to the multinomial logit model.
Table 13: Mc Fadden’s rho square test.

Multinomial logit
Latent class
Mixed logit

𝑳𝑳𝑩𝒂𝒔𝒆 𝒎𝒐𝒅𝒆𝒍
-4247.2351
-4247.2351

𝑳𝑳𝑬𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 𝒎𝒐𝒅𝒆𝒍
-3136.91525
-2419.23325

𝑹𝟐𝑴𝒄𝑭𝒂𝒅𝒅𝒆𝒏
.2614218
.4303981

Table 13 shows again that the performance of the mixed logit model is considerably better.

5.5

Conclusion

In this chapter, it was attempted to specify and estimate three types of models. A multinomial logit model, a
latent class model, and a mixed logit model. The estimation of the latent class model was not accomplished.
The performance of the multinomial logit model and the mixed logit model were compared. The performance
of the mixed logit model is better compared to the multinomial logit model. Based on the performance, the
mixed logit model is selected to calculate the potential demand for car sharing.
In the next chapter, mixed logit models are applied. Before applying the models, models are estimated for
each trip purpose.
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6

Model application

In this chapter mixed logit models are applied. The models are applied to the ODiN (CBS & RWS, 2018),
mobility data. By applying the model, the probability that a respondent would choose a shared car for a trip in
the ODiN (CBS & RWS, 2018) is calculated. In this chapter, the models are presented, the type of trips the
models are applied to, and the calculated probabilities.

6.1

Model estimation

First, the models are estimated. In the previous chapter, only a model for the work purpose was specified. As
described in the research approach, in the survey of Dieten (2015) 4 trip purposes are defined, work (1),
recreation / family visits (2), grocery shopping (3), and shopping (4). In the ODiN data (CBS & RWS, 2018) no
distinction is made between the purpose’s grocery shopping and shopping. Therefore, the data regarding
those two trip purposes are merged and one model is specified for this combined trip purpose.
In Table 14 the parameters of the models are presented. In the table, the part-worth utilities and the
significance levels are shown. The significance value is presented in Appendix IX. In addition, in the appendix
the NLOGIT 6 (Econometric Software Inc., 2016) output is presented.
The only random parameter included in the model estimation process is the constant. The mean of the
constant is positive and significant. In addition, the standard deviations of the constant are significant. The
models show that the constant term has a big influence on the willingness to use car sharing. The constant
represents on average the role of all the unobserved sources of utility (Hensher et al., 2015).
The models show that the respondents prefer a low price, a free-floating system, and a short walking distance
to the location where the shared car is offered. The attribute level of € 0.6 per km, and € 7 per hour are
significant for all trip purposes. The attribute of a free-floating system is significant on the 95% confidence
level for the work trips, and significant on the 99% confidence level for shopping and recreation trips.
The third level of the attribute price is positive. It should be noted that this is probably caused by a flaw in the
survey of Dieten (2015). In the design of the choice sets, the third level of price is only combined with the
third level of price. In other words, this price level was the only price level the respondents could choose. This
results in a positive effect in the models.
Respondents in the age group 18-40 years, prefer car sharing most compared to the other age groups.
Respondents with a higher vocational or academic educational level prefer car sharing over respondents with
a basic, primary, or secondary (vocational) educational level. It should be noted that this finding is only
significant on the 95% confidence level of the trips with the purpose recreation. Respondents without a car
prefer car sharing more compared to respondents with a car, this finding is significant on the 99% confidence
level for the trips with the purpose work and shopping. Male respondents prefer car sharing more than the
female respondents, this finding is significant on the 95% confidence level for the shopping trips. These
findings are in line with the findings of (Münzel et al., 2019), as presented in the literature research.
Respondents that indicated that they did not travel for a purpose, prefer a shared car less than the
respondents who indicated to use a trip mode. During applying the model, the attribute level ‘trip mode not
applicable’ will not be used. For work and shopping, car trips are more likely to be replaced. For recreation,
other trip modes are more likely to be replaced by a shared car.
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Table 14: Mixed logit models part-worth utilities.

Work
β
4.37633
7.96468

Random parameter
Constant
Constant - σ

***
***

Shopping
β
2.09452
6.90357

***
***

Recreation
β
2.23415
7.02836

**
***

***

0.53467
-0.13360
0.00337
-0.40444

***

***

0.41731
0.00801
-0.06271
-0.36261

***

Non-random parameters
Cost: € 0.3 per km
Cost: € 0.4 per km
Cost: € 0.5 per km
Cost: € 0.6 per km

0.42753
-0.16001
0.05569
-0.32321

Cost: € 4 per hour
Cost: € 5 per hour
Cost: € 6 per hour
Cost: € 7 per hour

0.46105
-0.01013
0.15449
-0.60541

No fixed location for car (free-floating)
Fixed location for car

0.07394
-0.07394

5-minute walk
10-minute walk
15-minute walk

0.22475
-0.11363
-0.11112

Age: 18 to 40
Age: 40 to 60
Age: 60 years or older

1.87039
-1.02082
-0.84957

Education: Basic, primary, secondary (vocational)
Education: Higher vocational or academic

-0.82134
0.82134

Car owner
No car owner

-3.14224
3.14224

Gender: Male
Gender: Female

0.48207
-0.48207

Trip mode: Not applicable
Trip mode: Car
Trip mode: Other

-3.20545
1.72831
1.47714
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***

0.39650
-0.03348
0.03173
-0.39475

***

0.31603
-0.06277
0.11190
-0.36516

*

**

**
*
**

0.12262
-0.12262
0.16059
-0.04342
-0.11717
1.22866
-1.05947
-0.16919

***

***
***
***

-0.16886
0.16886
***

**
*

0.14862
-0.14862
0.17960
0.05052
-0.23012

-1.00085
1.00085
***

-1.02420
1.02420

0.59012
-0.59012

**

0.08021
-0.08021

***

***

0.95282
-0.30375
-0.64907

-2.07602
2.07602

-2.96248
2.47417
0.48831

***

-3.51512
1.54538
1.96974
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**

*
**

The performance of the models is shown in Table 15 and Table 16. The 3 models perform better than the null
model. The Mc Fadden’s rho square of the three models is comparable.
Table 15: Log-likelihood ratio test mixed logit models.

Work
Shopping
Recreation

𝑳𝑳𝑩𝒂𝒔𝒆 𝒎𝒐𝒅𝒆𝒍
-4247.23511
-8554.89389
-4176.92392

𝑳𝑳𝑬𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 𝒎𝒐𝒅𝒆𝒍
-2419.23325
-5051.90279
-2473.28792

𝑳𝑹
3656.00373
7005.98221
3407.27201

𝝌𝟐 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝒗𝒂𝒍𝒖𝒆
(18;0.01) = 34.805
(18;0.01) = 34.805
(18;0.01) = 34.805

Table 16: Mc Fadden’s rho square test mixed logit models.

Work
Shopping
Recreation

6.2

𝑳𝑳𝑩𝒂𝒔𝒆 𝒎𝒐𝒅𝒆𝒍
-4247.23511
-8554.89389
-4176.92392

𝑳𝑳𝑬𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 𝒎𝒐𝒅𝒆𝒍
-2419.23325
-5051.90279
-2473.28792

𝑹𝟐𝑴𝒄𝑭𝒂𝒅𝒅𝒆𝒏
0.4303981
0.4094722
0.4078686

Trip selection

After estimating the three models, these are used to calculate the probability that a respondent would choose
a shared car for a trip administered in the ODiN (CBS & RWS, 2018). However, not all trips in the ODiN data
(CBS & RWS, 2018) are considered as replaceable by a shared car trip. For example, a walk trip of 100 meter
to the mailbox is considered as practically not replaceable by a shared car. In addition, the models are
specified only for trips with a work, shopping, or recreational purpose. In addition, both samples should be
selected based on the same criteria. In this section, the trips for which a probability is calculated are selected.
Sample
First, the trips are selected based on the sample. The criteria that were used by Dieten (2015) are used again.
Only trips conducted by respondents who are 18 years or older and have a driving license are selected. In
addition, the models are only applied to regular trips. Regular trips are:
• Trips of the Dutch population, excluding persons in institutions, facilities and care homes.
• Including trips on holidays
• Excluding professional journeys with a heavy carrier vehicle
• Excluding (work-related) series movements
• Excluding airplane rides.
Without filtering on age and driving license, in the ODiN (CBS & RWS, 2018) are 166,635 regular trips. After
filtering the ODiN (CBS & RWS, 2018) trips based on sample, on 120,524 trips one of the models could be
applied.
Motive
Next, the trips are selected based on trip motive. In Table 19, the trip motives that are appointed in the ODiN
(CBS & RWS, 2018) are presented. In addition, the specified models are linked to these motives. Some motives
from the ODiN (CBS & RWS, 2018) are left out in the application. These motives are business and professional,
services/personal care, touring/walking, and other motives.
After filtering the ODiN (CBS & RWS, 2018) trips based on sample and motive, on 89,949 trips one of the
models could be applied.
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Table 17: Specified models - ODiN trip motives.

Specified model
Work
Shopping
Work
Recreation
Recreation
-

ODiN (CBS & RWS, 2018) trip motive
To and from work
Business and professional
Services/personal care
Shopping/groceries
Education/follow a course
Visit/to stay
Social Recreational Other
Touring/walking
Another motive

Trip distance
Next, the trips are selected based on trip distance. The trip distance of shared cars and ‘normal’ cars is
researched to determine the trip distance where a shared car, practically, could be used for.
Figure 6, of the literature research, showed that shared cars are used for trips with various distances. About
8% of the trips with a shared car are between 0 and 5 kilometers. Based on the figure, it is considered that
shared cars could be used for trips shorter than 5 kilometers. Further research is needed to research the
minimum distance where a shared car could be used for, because Figure 6 does not differentiate between trip
distances shorter than 5 kilometer.
Table 18 shows the distribution of distances of car trips in the ODiN (CBS & RWS, 2018). The table is based on
trips of respondents of 18 years or older and in possession of a driving license. The table shows that for trips
between 0 and 1 km, cars barely are used. For trips with a distance above 1 km are cars substantial more
often used.
Table 18: Car trips to trip distance.

Trip distance
0 to 1 km
1 to 2.5 km
2.5 to 5 km
5 to 7.5 km
7.5 to 10 km
10 to 20 km
20 to 30 km
30 km or longer

Car trips
2.5 %
14.5 %
14.6 %
13.6 %
6.2 %
18 %
10 %
20.6 %
100 %
Based on the distribution of trip distances of shared cars and based on the distribution of trip distances of
normal cars is decided that shared cars could be used for trips longer than 1 kilometer. It is considered that
shared cars are not used for trips shorter than 1 kilometer. Shared cars could replace trips all other trip
modes.
After selecting the ODiN trips (CBS & RWS, 2018) based on sample, trip motive and based on trip distance,
79,940 trips are selected to apply the model on. Table 19 shows the number of trips, that are suitable to apply
the model on, per trip motive. For the ‘work model’ application 29,638 trips (26,959 + 2,679) are considered.
For the ‘shopping model’ 19,821 trips. For the ‘recreation’ model, 30,481 (11,886 + 18,595) trips are
considered.
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Table 19: Specified models - ODiN trip motives – number of ODiN (CBS & RWS, 2018) trips.

Specified model
Work
Shopping
Work
Recreation
Recreation
-

6.3

ODiN (CBS & RWS, 2018) trip motive
To and from work
Business and professional
Services/personal care
Shopping/groceries
Education/follow a course
Visit/to stay
Social Recreational Other
Touring/walking
Another motive

ODiN (CBS & RWS, 2018) number of trips
26,959
19,821
2,679
11,886
18,595
79,940

Calculated potential

Next, after estimating the models and selecting the trips the models are applied. The utility function is drafted
using the output of the models. The utility function is based on the constant, the socio-demographic
characteristics of the respondents, the characteristics of the trip, and the defined sharing system. So, the
utility function looks like:
𝑉𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟 = 𝛽0 (𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡) + 𝛽𝑠𝑜𝑐𝑖𝑜−𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 + 𝛽𝑡𝑟𝑖𝑝 + 𝛽𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟 𝑠𝑦𝑠𝑡𝑒𝑚
The constant is included as a random, normally distributed, parameter. Based on the mean and standard
deviation as specified in the model, 50 constants are generated by Excel for each trip. Based on the age,
educational level, car ownership, gender, and trip mode of the ODiN trip (CBS & RWS, 2018), the utility
related to socio-demographic characteristics is calculated. Next, the utility related to the predefined car
sharing system is calculated. The system that will be used to calculate the potential demand for car sharing
costs € 0.3 per kilometer, the shared car should be returned to the pick-up location (thus not a free-floating
system), and the shared car is located within 5-minute walking distance. The total utility for the car sharing
alternative is calculated. The total utility is calculated 50 times per trip, based on the 50 generated constants.
In Table 20 an example of a utility calculation can be seen.
Table 20: Example of a utility calculation.

Work trip
Constant
Constant (1 of 50)
Car sharing system
Cost: €0.3 per km
Fixed location for car, thus not free-floating
5-minute walk
Socio-demographic characteristics
Age: 40 to 60 years
Education: Basic, primary, secondary (vocational)
Car owner
Gender: Male
Trip characteristics
Trip mode: Car
Total utility (1 of 50)
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Based on the utility, the probability is calculated. The probability indicates the probability that a respondent
will choose a shared car for a trip. This utility is only meaningful if it is considered relative to the utility related
to the other alternative, in this case the no choice alternative with a utility of 0. For this example, the utility
would result in a probability of 0.8985, meaning that the probability of choosing car sharing for a trip is 0.90
and not choosing car sharing is 0.10.
𝑃𝑟𝑜𝑏 (𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟) =

𝑒 2.18065
= 0.8985
𝑒 2.18065 + 𝑒 0

As described before, the utility calculation is repeated 50 times with 50 generated constants per trip. Next, 50
probabilities per trip are calculated based on the 50 utilities. Based on these probabilities one average
probability is calculated per trip.
It should be noted that the calculation is repeated 50 times due to limitations in the file size. More
calculations would be more in line with other applications (e.g. Van der Waerden (2012) who used 1000
calculations). More calculations would result in a smoother normal distribution, and thus a steadier calculated
probability for a trip.
After estimating the probabilities for the trips in the ODiN (CBS & RWS, 2018), these probabilities are
researched. It is researched which type of transportation mode has a high probability to be replaced by car
sharing. IBM SPSS Statistics 25 (IBM Corp., 2017) is used to research the probabilities and to perform the
Bonferroni test. In Appendix X, the IBM SPSS Statistics 25 (IBM Corp., 2017) output is presented. The
Bonferroni test is used to research if the average calculated probability of a group is significant different
compared to the average probability of another group.
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Table 21 shows the averaged calculated probabilities over all selected trips in the ODiN (CBS & RWS, 2018),
per trip motive. Transportation modes in trips with the motive ‘Education/follow a course’ have the highest
probability to be replaced. The probabilities of trips within the motive ‘Education/follow a course’ are
calculated using the ‘work model’. Shopping trips have the lowest calculated probability. In contrast, shopping
trips are in the literature, in general, considered as potential for car sharing since customers need to carry
goods. The ANOVA test shows that the difference in average probability is statistically significant. In addition,
the Bonferroni test shows that the average probabilities of all trip motives are significantly different
compared to each other.
Table 21: Calculated probabilities per trip motive.

Motive
To and from work
Shopping/groceries
Education/follow a course
Visit/to stay
Social Recreational Other
Total

Mean
.6874
.6231
.7423
.6835
.6942
.6743

N
26,959
19,821
2,679
11,886
18,595
79,940

Table 22 shows the calculated probabilities per main transportation mode of a trip. The table shows that the
public transportation modes, train, bus, tram, and metro have the highest probability to be replaced. The trips
of car passengers have the lowest probability. The ANOVA test shows that the difference in average
probability is statistically significant. The Bonferroni test shows that the difference in average probability for
train, and bus/tram/metro trips is statistically different compared to all other transportation modes. For the
other transportation modes are some differences not significant different. The literature is not clear about
transportation modes that are replaced by a shared car, some studies consider car sharing as an addition to
the public transport while some studies consider car sharing as a replacement of public transport.
Table 22: Calculated probabilities per main transportation mode trip.

Main transportation mode
Passenger car - driver
Passenger car - passenger
Train
Bus/tram/metro
Bike
On foot
Other
Total

Mean
.6710
.6670
.7481
.7237
.6679
.6700
.6750
.6743

N
41,425
7,489
3,210
1,890
19,456
3,563
2,907
79,940

Table 23 shows the calculated probability per trip distance. The probabilities are visualised in Figure 27, Table
23 and Figure 27 show thus the same information but in another format. Longer trips have, in general, a
higher probability compared to the shorter trips. It should be noted that there are many trips with a distance
between 1.0 and 2.5 km, the group sizes are not equal. The ANOVA test shows that the difference in average
probability is significant. The Bonferroni test shows that the average probability for trips between 1 and 2.5
km are statistically different compared to all other trip distances. The probabilities of the other trip distances
are statistically different compared to most trip distances, but this is not always the case. The literature is not
clear about the relationship between trip distance and shared car use. Average trip distances of shared cars
are studied but no research into the relationship between trip distance and willingness to use a shared car
was found in the literature.
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Table 23: Calculated probabilities per trip distance.

Trip distance
1.0 to 2.5 km
2.5 to 3.7 km
3.7 to 5.0 km
5.0 to 7.5 km
7.5 to 10 km
10 to 15 km
15 to 20 km
20 to 30 km
30 to 40 km
40 to 50 km
50 to 75 km
75 to 100 km
100 km or more
Total

Mean
.6562
.6705
.6775
.6740
.6747
.6740
.6779
.6832
.6871
.6996
.7023
.6912
.6884
.6743

N
18,637
8,452
4,995
10,283
4,546
7,235
4,769
6,544
4,260
2,503
3,789
1,662
2,265
79,940

0,71
0,70
0,69
0,68
0,67
0,66
0,65
0,64
0,63

Total

100 km or more

75 to 100 km

50 to 75 km

40 to 50 km

30 to 40 km

20 to 30 km

15 to 20 km

10 to 15 km

7.5 to 10 km

5.0 to 7.5 km

3.7 to 5.0 km

2.5 to 3.7 km

1.0 to 2.5 km

Figure 27: Calculated probabilities per trip distance.

Table 24 shows the calculated probability per urbanity of the residential municipality of the ODiN respondent
(CBS & RWS, 2018). The table shows that the probabilities are higher in urban areas than in non-urban areas.
The ANOVA test shows that the difference in average probability is significant different. The Bonferroni test
shows that the difference between small urban and non-urban municipalities between is not significantly
different. All other differences are significant different from each other.
Table 24: Calculated probabilities per urbanity residential municipality

Urbanity residential municipality
Very strong urbanity
Strong urbanity
Moderate urbanity
Small urbanity
Non-urbanity
Total
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Table 25 shows the calculated probability based on the departure location of the trip. Trips departing from an
‘other home address’ have the highest probability to be carried out with a shared car. The group size of this
type of trips is lower compared to the other type of trips. The ANOVA test shows that the difference is
significant. In addition, the Bonferroni test shows that the difference between all departure locations is
significant. No literature is found describing the relation between departure location and shared car use.
Table 25: Calculated probabilities per departure location trip.

Departure location trip
Own home address
Other home address
Work address
Other address
Total

Mean
.6747
.7280
.6853
.6677
.6743

N
32,790
754
14,616
31,780
79,940

A trip could consist of multiple trip legs. The table shows that trips that consist of more trip legs have a higher
probability to be replaced by car sharing compared to trips consisting of 1 trip leg. Since only 2 categories are
used, in this case, the independent samples t-test is used to test the difference. The test shows that the
difference is significant different. No literature is found describing the relation between number of trip legs
and shared car use.
Table 26: Calculated probabilities per number of trip legs.

Number of trip legs of a trip
≥2
1
Total

Mean
.7319
.6698
.6743

N
5,851
74,089
79,940

It should be noted that it is not necessarily that trips with multiple trip legs have a high probability. This is
probably caused by the fact that public transport trips have a high probability and that public transport trips
mostly have multiple trip legs. This disclaimer is probably relevant for some other findings too.

6.4

Conclusion

In this chapter, mixed logit models were applied to ODiN mobility data (CBS & RWS, 2018). First, the models
were estimated for 3 trip motives: work, shopping, and recreation.
Next, the trips of the ODiN (CBS & RWS, 2018) where a probability is calculated for, were selected. The trips
were selected based on the sample, trip motive and based on the trip distance. The trip should be a regular
trip, the respondent should be 18 years or older and should have a driving license. The trip motive should
match one of the trip motives of the models. The trip distance should be more than 1 km, for shorter trips it is
assumed that the use of car sharing is limited.
Next, after applying the models, the calculated probabilities were researched. It is researched in which types
of trips the transportation mode has a high probability to be replaced by car sharing. It was found that the
transportation mode in trips to follow education have a high probability to be replaced by car sharing. Next,
the transportation mode of public transport trips, long distance trips, trips departing from an urban
municipality, and trips with multiple trip legs have a high probability to be replaced by a shared car.
In the next chapter, the calculated probabilities are plotted on a map. These maps could be used to find out
where car sharing could be successful in the Netherlands. In addition, the number of trips that could be
replaced by car sharing is calculated.
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7

Mapping the potential

In this chapter, the distribution of the probabilities that respondents would choose the available car sharing
system for a trip are presented on maps. The maps are based on the average probability of all trips departing
from a municipality. Four maps are presented: (1) all researched trip motives, (2) only work trips, (3) only
shopping trips, (4) only recreational trips. Municipalities with a limited number of registered trips (<15) are
marked since these average probabilities are considered as not representative for the municipality. The cutoff point of 15 trips is arbitrary determined, further research is needed to determine if this number of trips
gives a representative picture of the distribution. Appendix XI shows the number of ODiN (CBS & RWS, 2018)
trips per municipality, upon which the calculated probabilities are based.
The departure municipality wherefrom a trip started is for some trips unknown, the calculated probability of
these trips is not used during mapping the potential. The departure location of 3,136 trips is missing, the
maps are thus based on the calculated probability of 76,804 trips (79,940 – 3,136). Finally, the probabilities
are used to calculate the absolute number of trips that will be done using car sharing if the given system was
available. In addition, examples of insights that could be retrieved based on the maps are presented.
In this chapter, the theoretical potential is presented. Jorritsma, Harms, & Berveling (2015) halved the
theoretical potential to obtain the realistic potential. The realistic potential incorporates the effect that not
every person who stated that he/she is willing to use the service would actually use the service. Literature
about the gap between the theoretical potential and the realistic potential is scarce, therefore are no
assumptions made about this gap. Further research is needed to incorporate this effect in the calculation.

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
75 of 145

7.1

Calculated probability of all researched trip motives

Figure 28 visualizes the calculated probabilities of all researched trip motives. In Appendix XII, the map with
calculated probabilities plotted on the map is presented. The background maps are retrieved by
OpenStreetMap © 2020 – www. openstreetmap.org.

Figure 28: Map of the calculated probabilities of all researched trips.

The map shows that the calculated probabilities are relatively high in the bigger cities of the Netherlands. For
example, Amsterdam, Rotterdam, Utrecht, Eindhoven, and Groningen have calculated probabilities between
0.70 and 0.75. While most other municipalities have a probability between 0.65 and 0.70.
The calculated probabilities are relatively low in rural areas. A cluster of municipalities with low probabilities is
located around Groningen. Another clusters of municipalities with low probabilities can be found between
Nijmegen and Enschede, in the east of the Netherlands, near border. A third cluster of municipalities with a
low probability is located between Bergen op Zoom and Rotterdam, in the south-west of the Netherlands.
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7.2

Calculated probability for work

Figure 29 visualizes the calculated probabilities of the work trips. This map is based on the calculated
probabilities of the ODiN (CBS & RWS, 2018) trips with the motives ‘To and from work’ and ‘Education/follow
a course’. In Appendix XII, the map with calculated probabilities plotted on the map is presented.

Figure 29: Map of the calculated probabilities, work.

The map shows that the calculated probabilities are higher in the cities. For example, the municipality of
Amsterdam and Utrecht shows a calculated probability higher than 0.75. The municipalities of, for example,
Breda, Tilburg, Eindhoven, ‘s-Hertogenbosch, and Nijmegen shows a probability between 0.70 and 0.75. Most
municipalities have a probability between 0.65 and 0.70.
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7.3

Calculated probability for shopping

Figure 30 visualizes the calculated probabilities of the shopping trips. This map is based on the calculated
probabilities of the ODiN (CBS & RWS, 2018) trips with the motive ‘Shopping/groceries’. In Appendix XII, the
map with calculated probabilities plotted on the map is presented.

Figure 30: Map of the calculated probabilities, shopping.

The map shows that the calculated probabilities for the shopping trips are clearly lower compared to the work
trips. Most municipalities have a calculated probability between 0.45 and 0.65.
The municipality of Texel has the highest calculated probability for the shopping motive. The relatively high
probability is probably caused by the low car ownership in this municipality. Based on all trips where a
probability is calculated for, 9.5% of the trips are conducted by a respondent without a car. Of the trips that
are departing from Texel, 26.7% of the trips are conducted by a respondent without a car. According to the
model, people without a car are more willing to use a shared car.
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7.4

Calculated probability for recreation

Figure 31 visualizes the calculated probabilities of the recreational trips. This map is based on the calculated
probabilities of the ODiN (CBS & RWS, 2018) trips with the motives ‘Visit/to stay’ and ‘Social Recreational
Other’. In Appendix XII, the map with calculated probabilities plotted on the map is presented.

Figure 31: Map of the calculated probabilities, recreation.

The map shows that again, relatively high probabilities are calculated in and around the urban municipalities.
Amsterdam, Rotterdam, and Utrecht are clearly distinguishable on the map.
Again, the municipality of Texel has the highest calculated probability.
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Next, after calculating the probabilities, the potential number of shared car trips is calculated. Because the
potential number of shared car trips is dependent on the probability and potential number of users, it is
possible that a small municipality with a high probability has a higher number of trips compared to a big
municipality with a low probability. In addition, the number of trips is dependent on the probability and
number of trips of the different motives. It is possible that municipalities with the same number of inhabitants
have a similar number of shared car trips but that the share of work, shopping, or recreation trips differ
between the municipalities. These insights could be used by all parties involved in car sharing such as car
share organizations, policy makers, municipalities, and consultancy firms.
On forehand it is noted that this number of trips is an indication, further research is needed to calculate a
more precise number of trips. After presenting the calculation it is explained why this is an indication only.
The calculation, as already presented in the research approach, in formula form:
𝑃𝑢 (𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑢𝑠𝑒𝑟𝑠) = 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 18 𝑦𝑒𝑎𝑟𝑠 𝑜𝑟 𝑜𝑙𝑑𝑒𝑟 ∗ % 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑖𝑛 𝑝𝑜𝑠𝑒𝑠𝑠𝑖𝑜𝑛 𝑜𝑓 𝑎 𝑑𝑟𝑖𝑣𝑖𝑛𝑔 𝑙𝑖𝑐𝑒𝑛𝑠𝑒
Number of work trips:
𝑊𝑡 (𝑊𝑜𝑟𝑘 𝑡𝑟𝑖𝑝𝑠 𝑡𝑜𝑡𝑎𝑙) = 𝑃𝑢 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑝𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 𝑓𝑜𝑟 𝑤𝑜𝑟𝑘
𝑊𝑠𝑐 (𝑊𝑜𝑟𝑘 𝑡𝑟𝑖𝑝𝑠 𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟) = 𝑊𝑡 ∗ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑤𝑜𝑟𝑘 𝑡𝑟𝑖𝑝𝑠
Number of shopping trips:
𝑆𝑡 (𝑆ℎ𝑜𝑝𝑝𝑖𝑛𝑔 𝑡𝑟𝑖𝑝𝑠 𝑡𝑜𝑡𝑎𝑙) = 𝑃𝑢 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑝𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 𝑓𝑜𝑟 𝑠ℎ𝑜𝑝𝑝𝑖𝑛𝑔
𝑆𝑠𝑐 (𝑆ℎ𝑜𝑝𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑖𝑝𝑠 ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟) = 𝑆𝑡 ∗ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑠ℎ𝑜𝑝𝑝𝑖𝑛𝑔 𝑡𝑟𝑖𝑝𝑠
Number of recreation trips:
𝑅𝑡 (𝑅𝑒𝑐𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠 𝑡𝑜𝑡𝑎𝑙) = 𝑃𝑢 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑝𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 𝑓𝑜𝑟 𝑟𝑒𝑐𝑟𝑒𝑎𝑡𝑖𝑜𝑛
𝑅𝑠𝑐 (𝑅𝑒𝑐𝑟𝑒𝑎𝑡𝑜𝑛 𝑡𝑟𝑖𝑝𝑠 𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟) = 𝑅𝑡 ∗ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑟𝑒𝑐𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠
Total number of trips:
𝑇𝑠𝑐 (𝑇𝑜𝑡𝑎𝑙 𝑡𝑟𝑖𝑝𝑠 𝑠ℎ𝑎𝑟𝑒𝑑 𝑐𝑎𝑟) = 𝑊𝑠𝑐 + 𝑆𝑠𝑐 + 𝑅𝑠𝑐

First, based on the percentage of people in possession of a driving license, the number of potential users is
calculated. The total population is based on CBS (2018a). The percentage of people in possession of a driving
license is based on CBS (2018c), see Appendix XIII. For example, in the municipality of Eindhoven 39,762
people are aged between 20 to 30 years. Of the people in this age category, 74.9% has a driving license. This
would result in (39,762 * 74.9%) 29,782 potential users in the age category 20 to 30 years old. See Figure 32.
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Figure 32: Population and potential users in the municipality of Eindhoven.

The number of potential users is calculated for each age category and summed. Summing all potential users
of the municipality of Eindhoven results in 151,959 potential users. It should be noted that the potential users
are not necessarily willing to use a shared car. The potential users are 18 years or older and in possession of a
driving license, they should be able to use car sharing.
Next, the number of trips by the potential users is calculated. To calculate the number of trips, an average
number of trips per day per person is used, see Table 27.
Table 27: Number of trips per 1000 persons per trip motive (CBS &RWS, 2018).

Specified model
Work
Shopping
Work
Recreation
Recreation
-

ODiN trip motive (CBS & RWS, 2018)
To and from work
Business and professional
Services/personal care
Shopping/groceries
Education/follow a course
Visit/to stay
Social Recreational Other
Touring/walking
Another motive

Trips per 1000 persons per day
547
69
85
563
225
307
510
174
302

In the municipality of Eindhoven, these potential users make 117,313 (151,959 users * (547+225) / 1000) trips
that fit the motive work.
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Thereafter, the number of trips is multiplied by the calculated probability that people would use a shared car
in the municipality. For the municipality of Eindhoven, the calculated probability for the work motive is
0.7303. This results in 85,674 (117,313 trips * 0.7303) potential shared car trips in the municipality of
Eindhoven. See Figure 33.
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Figure 33: Number of trips in the municipality of Eindhoven.

These steps are carried out for each municipality and for each trip motive. The number of potential shared car
trips is presented on maps. For the total number of trips, the diverse trip motives are summed. See Figure 34,
Figure 35, Figure 36, and Figure 37. See Appendix XIV for maps with the number of trips presented on the
map.
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7.5

Potential number of shared car trips of all researched trip motives

In Figure 34, the total number of potential shared car trips is presented. The number of trips is based on the
researched trip motives, some trip motives are not part of the research. In Appendix XIV, maps with the
potential number of trips plotted on the map are presented.

Figure 34: Map of the potential number of shared car trips of all researched trip motives.

The map shows that in the urban municipalities for trips are in which the transportation mode is likely to be
replaced by a shared car.
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7.6

Potential number of shared car trips for work

In Figure 35, the number of potential work trips for the motive work is presented. In Appendix XIV, maps with
the potential number of trips plotted on the map are presented.

Figure 35: Map of the potential number of shared car trips, work.

Title
The potential demand for car sharing in the Netherlands

Version
2020-08-18

Page
84 of 145

7.7

Potential number of shared car trips for shopping

In Figure 36, the potential number of shared car trips for the shopping motive is presented. In Appendix XIV,
maps with the potential number of trips plotted on the map are presented.

Figure 36: Map of the potential number of shared car trips, shopping.

The number of shared car trips for the shopping motive is less than the number of shared car trips for work
and recreation trips. This is caused by the relatively low calculated probabilities for the shopping motive, and
by the relatively low number of trips per 1000 persons for the shopping motive.
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7.8

Potential number of shared car trips for recreation

In Figure 37, the potential number of shared car trips for the motive recreation is presented. In Appendix XIV,
maps with the potential number of trips plotted on the map are presented.

Figure 37: Map of the potential number of shared car trips, recreation.
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7.9

Examples of insights based on the maps

Based on the presented maps, two examples of insights are presented. This kind of insights could be used to
research the potential of car sharing in a municipality. The colors used to indicate the potential demand are
the same colors as used in the previous section.
In Figure 38 the municipalities of Heerhugowaard (vertical lines) and Hollands Kroon (horizontal lines) are
marked. Both municipalities have a potential number of trips between 40,000 and 50,000 per day. The
municipality of Heerhugowaard has a potential of 49,631 shared car trips. The municipality of Hollands Kroon
has a potential of 43,868 shared car trips. In Appendix XV the calculation of the potential number of shared
car trips is presented. The municipality of Heerhugowaard has an area of 39.99 km², the municipality of
Hollands Kroon has an area of 662.20 km² (CBS, 2018c). The municipality of Heerhugowaard has a population
density of 1,462 inhabitants per km², the municipality of Hollands Kroon has a population density of 133
inhabitants per km² (CBS, 2018c).
Based on the potential number of shared car trips and based on the area of both municipalities, the number
of shared car trips per km² is much higher in the municipality of Heerhugowaard (1241 trips/km²) compared
to the municipality of Hollands Kroon (66 trips/km²). Based on the calculation, as presented in the appendix, it
could be concluded that the probability that a trip is replaced by a shared car is comparable for both
municipalities. The total number of trips is also comparable for both municipalities. However, the municipality
of Hollands Kroon is bigger. It could be concluded that the people in the municipality of Hollands Kroon are
about as willing as the people in the municipality of Heerhugowaard to use car sharing, however the
population density and thus the density of the trips is lower.
Based on these insights it could be decided to offer B2C car sharing in the municipality of Heerhugowaard,
and P2P car sharing in the municipality of Hollands Kroon. As presented in the literature research, P2P car
sharing may be feasible in areas where B2C car sharing is not feasible.

Figure 38: Map of the potential number of trips, municipalities of Heerhugowaard and Hollands Kroon.
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In Figure 39, the municipality of Heusen (vertical lines) and the municipality of Venray (horizontal lines) are
marked.

Figure 39: Map of the potential number of trips, municipalities of Heusden and Venray.

In Table 28, the potential number of shared car trips of these municipalities is presented.
Table 28: Potential number of shared car trips, municipalities of Heusden and Venray.

Work
Shopping
Recreation
Total

Heusden
15,382
9,753
15,503
40,638

Venray
14,639
10,082
15,923
40,644

As can be seen in the table both municipalities have almost the same number of potential shared car trips.
However, the number of trips is differently distributed over the trip motives. In the municipality of Heusden,
are in potential more work trips. In the municipality of Venray, are in potential more shopping and recreation
trips. In Appendix XVI the characteristics of the respondents and characteristics of the ODiN trips (CBS & RWS,
2018) departing from the municipalities of Heusden and Venray are presented. The respondents of the trips
departing from the municipality of Heusden are younger, lower educated, have more cars, are more often
male, and make less car trips compared to the municipality of Venray. These characteristics make that the
average probability that respondents would replace the transportation mode of a work trip for a shared car is
higher in the municipality of Heusden, the probability is lower for the shopping and recreation trips.
Car sharing organizations could use these insights to locate the shared cars near the demand. In the
municipality of Heusden near the locations were work trips are originated. In the municipality of Venray near
the locations were shopping and recreation trips are originated. The car sharing system could be tailored to
the types of trips it is likely to accommodate.
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7.10

Conclusion

In this chapter, maps of the calculated probabilities and maps of the potential number of shared car trips
were presented. As described before, these probabilities are obtained by applying the mixed logit models on
ODiN trips (CBS & RWS, 2018). The maps showed that shopping trips have relatively low calculated
probabilities, the calculated probabilities are in general between 0.60 and 0.65. This might imply that car
sharing is less suitable for shopping trips. For work trips the calculated probabilities are in general between
0.65 and 0.70. The major urban municipalities seem to have high probabilities, between 0.70 and 0.75. Some
cities even show probabilities over 0.75. For recreational trips, the general probability is between 0.65 and
0.70, some areas have a probability between 0.70 and 0.75.
Next, in this chapter, maps of the potential number of shared car trips are presented. In addition, two
examples of insights that are based on the maps are presented. The insights could be used to research if car
sharing is feasible in a municipality and for which trip motives car sharing would probably be used in a
municipality.
As stated before, the maps are rough indications, several assumptions are made. The theoretical potential is
presented, the realistic potential will probably be lower. Therefore, these numbers should be interpreted with
care.
First, the probabilities are based on a specific car sharing system that is located within 5-minute walking
distance. In practice, it would be a challenge to locate everywhere a shared car within 5-minute walking
distance. If the shared car is located further away, the probability that a respondent would choose a shared
car shall decrease.
Next, the probability is based on trips by respondents over 18 years and older and a distance longer than 1
kilometer. However, the number of trips as presented in Table 27, include the number of trips with a distance
shorter than 1 km and is based on people from 6 years or older. The number of trips will probably be different
as presented. The number of trips as presented in Table 27 is used since no numbers could be found that are
based on the sample. Further research is needed to incorporate the right number of trips per 1000 persons
per day.
The models that are used to calculate the number of trips, are based on data retrieved from a stated choice
experiment. The respondents could be over optimistic during answering the questionnaire. If the respondents
had to make the choice as presented in the questionnaire in real life, the decision could be different.
Next, the probabilities as presented on the maps are based on the average calculated probability of the ODiN
trips (CBS & RWS, 2018) departing from that specific municipality. It is possible that the ODiN trips (CBS &
RWS, 2018), where a probability is calculated for, are not representative for the trips that are departing from
that municipality. Particularly in the municipalities with a limited number of ODiN trips (CBS & RWS, 2018),
this could be the case.
Besides the ODiN data (CBS & RWS, 2018) that are possibly not representative, the models could be estimated
based on an not representative sample too. The survey of Dieten (2015) is distributed by Panelclix. For
example, people without a computer are not part of the sample. This could influence the specification and
estimation of the models.
In the next chapter, the conclusions of this research are presented.
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8

Conclusion and discussion

In this chapter, the conclusions of the research are presented, the research question is answered, points of
discussion are presented, and recommendations for practice and future research are presented.

8.1

Conclusions

Before discussing the conclusions of the research, differences between this study and previous studies are
presented. Most studies focus on the willingness to use a shared car based on socio-demographic
characteristics, or trip characteristics, or characteristics of the share system. In the current research, the
willingness to use a shared car was researched based on several aspects: socio-demographic characteristics,
trip characteristics, and characteristics of the share system. Research of these aspects in one study is limited.
Next, mixed logit models were specified and estimated using available stated choice data. Most studies use a
multinomial logit model. Next, the mixed logit models were applied to mobility data. Finally, the potential
demand was calculated using data of current travel behaviour, most other studies are retrospective. In
summary, not only the findings of this research could be used in further research, the process that was
followed is as important.
The objective of this research is to provide insights into the willingness to use car sharing, the types of trips in
which the transportation mode is likely to be replaced by a shared car, and the distribution of the potential
demand in the Netherlands.
By specifying and estimating discrete choice models, the factors that influence the willingness were identified.
The constant term in the specified models has the largest influence on the probability that a respondent
would choose a shared car. Of the characteristics, appeared price of the car sharing system, age of the
respondent, educational level of the respondent, car ownership of the respondent, and trip mode to have the
biggest influence on the probability that a respondent would use a shared car for his/her trip. Other
characteristics that were included in the model are, if the system is a free-floating system, walking distance to
the location where the shared car is offered, and gender. Characteristics of the built environment were
researched but not included since they had no significance in the mixed logit model.
The discrete choice models were applied to mobility data to research the types of trips in which the
transportation mode is likely to be replaced by a shared car. After applying the models, it was found that the
transportation modes in trips to follow education, trips with public transport, long distance trips, trips
departing from an urban municipality, and trips with multiple trip legs have a high probability to be replaced
by a shared car. It should be noted that it is not necessarily that trips with, for example, multiple trip legs have
a high probability. This is likely caused by the fact that public transport trips have a high probability and that
public transport trips mostly have multiple trip legs.
After applying the models to mobility data, the average probability for all trips departing from a municipality
was calculated and presented on maps. After mapping the probabilities, the potential number of trips that
could be replaced by car sharing was presented. The maps showed that shopping trips have relatively low
calculated probabilities compared to work and recreation trips. As expected, major urban municipalities seem
to have the highest potential for car sharing. Per motive, the number of trips was plotted on maps. The
potential for work and recreation trips seems comparable. The potential demand for shared cars for shopping
trips is lower due to the relatively low calculated probability and the relatively low number of trips per 1000
persons for the shopping motive.
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8.2

Research question

Next, the research question is answered. The sub research questions are not explicitly answered, they are
answered during the research and to a large extent by answering the main research question.
Research question:
• How can the potential demand for car sharing in the Netherlands be calculated and visualized?
Dieten (2015) researched the preferences regarding the characteristics of a car share system using a stated
choice experiment. Based on the stated choice data of Dieten (2015), mixed logit models were specified and
estimated. Before specifying and estimating the models, the data was formatted to incorporate the effect
that the data was collected using a choice set with 3 alternatives (sharing system 1, sharing system 2, none),
but will be applied in a setting with 2 alternatives (sharing system, none). The mixed logit models include
socio-demographic characteristics, trip characteristics, and characteristics of the car sharing system. Based on
these characteristics, the model estimates the coefficients and with the coefficients (combined with attribute
values) the utility function is defined. Different models were estimated for different trip motives, the motives
where a model was specified for are related to work, shopping, and recreation.
Next, the models were applied to ODiN mobility data (CBS & RWS, 2018). Before applying the models, the
ODiN trips (CBS & RWS, 2018) where a probability is calculated for were selected. The trip should be
conducted by a respondent of 18 years or older and the respondent should be in possession of a driving
license, the trip motive should match one of the trip motives of the models, and the trip distance should be at
least 1 kilometer. In addition, a sharing system is defined by setting a 5-minute walking distance to the shared
car, a price of €0.3 per kilometer, and the shared car should be returned to the pick-up location (thus not a
free-floating system). After selecting the trips and defining the car sharing system, using the utility function,
the utility for car sharing for the selected trips is calculated. Based on the utility, the probability that a
respondent would make use of the available car sharing system for a trip is calculated. It is researched which
types of trips have relatively high calculated probabilities, in these trips the transportation mode is likely to be
replaced by car sharing.
After applying the models, the distribution of the calculated probabilities is plotted on maps, this is done by
calculating the average probability of all ODiN trips (CBS & RWS, 2018) departing from a municipality. After
mapping the probabilities, the potential number of trips that could be replaced by car sharing is presented on
maps. The potential number of trips is based on the calculated average probability of a municipality, the
number of potential users in a municipality, and the average number of trips per 1000 persons per day. These
maps yield useful insights for all parties involved in car sharing such as organizations, policy makers,
municipalities, and consultancy firms.

8.3

Discussion

In this section, the research approach and some results are discussed. This discussion is an addition to the
items as mentioned in chapter 7.
First, the potential for car sharing is larger than expected. For the trips where a probability is calculated,
respondents would choose the car sharing system for about 67% of the trips. This could be caused by the
questions in the stated choice part of the survey. The literal asked question: Welk autodeel system heeft uw
voorkeur per motief? (Which car sharing system do you prefer per motive?) The possible answers were:
systeem 1, systeem 2, geen van beiden (system 1, system 2, neither). It is not sure how the respondents did
interpret the none alternative. Respondents could interpret the none alternative as ‘I do not prefer car
sharing at all’ or as ‘I prefer car sharing (not) but do not prefer one of the sharing systems over the other
system’. In other words, respondents could indicate the preference for a car sharing system, as Dieten (2015)
designed the stated choice experiment. But this does not necessarily mean that respondents indicated to use
car sharing. Although, in the calculated probability, it is assumed that respondents indicated that they will use
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the car sharing system if they indicated a preference for system 1 or system 2. In addition, it is not sure if the
respondents have enough knowledge about car sharing to make a well-founded choice. Car sharing and the
attributes of the system were explained in the questionnaire prior to the stated choice part but is not sure if
this explanation is enough to make a well-founded choice.
Next, the research only focusses on trips that could be replaced by a shared car trip. The generation of new
trips or trips that do not take place anymore are not part of the research. However, literature research
showed that changes in the number of trips are a significant part of the effects of car sharing.
Next, the survey of Dieten (2015) is conducted in 2015. The ODiN research (CBS & RWS, 2018) is conducted in
2018. This research is carried out in 2020. The importance of the attributes included in the model may be
changed between 2015 and 2018 and between 2015 and now. The model estimation may be partly outdated.
Finally, the models are applied to the ODiN data (CBS & RWS, 2018). This data may be not representative for
the population as a whole or for the population of a municipality. In addition, the models are specified for
three trip purposes. These three trip purposes are not representative for all trips that are carried out. In
addition, trips shorter than 1 kilometer are excluded from the model application.

8.4

Recommendations

In this section, the recommendations are presented. Recommendations are presented for planners, policy
makers, and car sharing organizations. Next, recommendations for further research are presented.
Recommendations for practice
The defined car sharing system to calculate the potential demand costs € 0.3 per km, the shared car should be
returned to the pick-up location, and the shared car is located within 5-minute walking distance. Planners and
car sharing organizations could offer B2C and P2P systems that both fit the defined car sharing system. It
might seem obvious but, which system is offered could depend on the type of area. In rural areas where a B2C
system is not profitable, a P2P system could be offered. In urban areas, a B2C system may be easier to
implement.
In addition to the previous recommendation, the models show that respondents limited appreciated if the car
sharing system is free-floating. Therefore, also suggested by Liao et al. (2020), a station-based system may be
a better option to offer. A station-based system is much easier to implement compared to a free-floating
system but does only little reduce utility for its users.
The calculated probabilities show that respondents are willing to replace the transportation mode of current
trips by a shared car. Based on this finding could policy makers consider car sharing as a genuine addition to
the current transportation modes.
The maps could be used to search municipalities where car sharing might have potential and where there is
still some work to do. Next, the calculated probabilities show that, for example, the transportation mode of
trips to follow a course have a high probability to be replaced. These insights could be combined to search for
locations where car sharing has potential. At the location with low potential it might be interesting to look
what causes this low potential. The cause of the low potential might be resolved or other transportation
modes as car sharing might be offered on that locations.
Recommendations for further research
The models show that young, highly educated people are more willing to use car sharing. Currently, car
sharing targets customers that fit these characteristics. However, car sharing could offer benefits to elderly
and low-educated people too. Future research could focus on how to make elderly and low-educated people
as willing as the young and highly educated people to use car sharing.
The utility function consists of parameters associated with attributes. By adding variables to a model, it is
attempted to explain the utility related to alternatives. The constant, β0, is a parameter not associated with
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any of the observed and measured attributes, which represents on average the role of all the unobserved
sources of utility (Hensher et al., 2015). In the specified models, the constant is relatively big. It could be
researched what are the unobserved sources of utility, this could help in explaining why people would choose
a shared car. Environmental consciousness and being careful with money are examples of factors that could
mediate the socio-demographic characteristics typically related to early adopters of car sharers (Hjorteset &
Böcker, 2020). Arendsen (2019) stated that travelers experience and familiarity with shared modes strongly
influences the willingness to use shared mobility in a multimodal train trip. Kawgan-Kagan & Popp (2018)
suggested that the complexity of a trip chain influences the willingness to use a shared car. Current studies
focus on the effects of well-known instrumental car attributes (price, parking convenience, and car type) on
people's intentions to select a shared car (Paundra, Rook, van Dalen, & Ketter, 2017). However, psychological
ownership moderates the influence of these well-known instrumental attributes, research should pay closer
attention to the notion of psychological ownership to explain individual differences in intention to select car
sharing services (Paundra et al., 2017).
The current study researched main effects. For example, the effect of age on the willingness to use car
sharing. The current study did not incorporate interaction effects, if interaction between two independent
variables also contributes to the exploratory power of the model. Age in combination with other variables
could be an example of interaction effects.
The current study did not consider the effects of car sharing. The calculated probabilities show that trips in
which the transportation mode is the train and trips with multiple legs, have a high probability to be replaced
by a shared car trip. Further research is needed to investigate if car sharing supports public transport trips or
replaces public transport trips. This insight is necessary to judge if car sharing is a sustainable transportation
mode.
As already described, the research is not validated. Validating the findings, based on the ODiN (CBS & RWS,
2018) or car sharing observations, could be the subject of further research. Next, the presented potential is a
theoretical potential. Further research could focus on calculating a more realistic potential. Next, the maps
show municipalities where car sharing could be successful, further research could focus on smaller scale
maps, for example on zip-code level. In addition, the number of cars needed, and exact location of car sharing
stations could be researched.
This research provided useful insights in the potential demand for car sharing. Stated choice data and mobility
data are combined in one research. The research showed that respondents are willing to use car sharing, the
factors that influence the willingness are researched, and the distribution of the potential demand is
presented on maps. Other people are encouraged to continue this research. This research and future research
will contribute use car sharing in an optimal manner, i.e., to use car sharing together with other mobility
providers in a single service (better known as MaaS) in a sustainable matter.
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Appendices
Appendix I - Characteristics influencing the willingness to use car sharing
The socio-demographic characteristics, trip characteristics, built environment characteristics, car sharing
system characteristics, and other characteristics that could influence the adoption (intention) of car sharing
are shows in Table 29. These characteristics are based on the literature research.
Table 29: Characteristics influencing the willingness to use car sharing.

Characteristics

Relation

Socio-demographic
Age
Gender: being male
Educational level
Income
Car ownership
Household size
Public transport use
Being the main driver of the household
Being a non-western immigrant
Attitudes
Smartphone ownership

+
+
+
Not clear
+
+
+

Trip
Purpose:
One-way: grocery, shopping, leisure
Visit friends and family
Station-based: shopping, leisure, large items to carry
Free-floating: multiple purpose, commuting, airport transfer
Peer-to-peer: out-of-town recreation, work, shopping
Station-based: recreational, shopping, personal business
Frequency

+
+
+
+
+
+
+
+

Duration:
Round-trip intention to use: 16-30 minutes
Free-floating median duration: 26-28 minutes
Free-floating average duration: about 30 minutes
Distance:
Medium and long-distance trips
Free-floating average geo-distance: 3 kilometers
Free-floating average trip distance: about 14 kilometers
Built environment
Urbanization
Population density
Parking pressure
Ability to live without a car
Light rail availability
Reginal rail availability
Street width
Density of bars and companies
Walking distance to the shared car and private car
Logical position of the shared car
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Reference
Based on 42 articles about car
sharing adoption (Münzel et al.,
2019).

(Liao et al., 2020)
(Prieto et al., 2017)
(Hobrink, 2014)
(Münzel et al., 2019)
(Dias et al., 2017)

(Liao et al., 2020)
(Jorritsma et al., 2015)
(Becker et al., 2017)
(Becker et al., 2017)
(Dill et al., 2017)
(Millard-Ball et al., 2005)
(Liao et al., 2020)
(Kopp et al., 2015)
(Liao et al., 2020)
(Sprei et al., 2019)
(Kopp et al., 2015)
(Jorritsma et al., 2015)
(Sprei et al., 2019)
(Kopp et al., 2015)

+
+
+
+
+
+
+
+

(Meelen et al., 2019)
(Münzel et al., 2020)
(Millard-Ball et al., 2005)
(Millard-Ball et al., 2005)
(Stillwater et al., 2009)
(Stillwater et al., 2009)
(Stillwater et al., 2009)
(Müller et al., 2017)
(Tingen, 2019)
(Tingen, 2019)
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Safety of the parking location
Centrality in the city

+
+

(Tingen, 2019)
(Münzel et al., 2020)

Car sharing system
Price
Free floating system
Ability to reserve a car in advance
Pre-reserved parking spaces
Availability
Accessibility

+
+
+
+
+

(Dieten, 2015)(Liao et al., 2020)
(Dieten, 2015)
(Dieten, 2015)
(Dieten, 2015)
(Liao et al., 2020)
(Liao et al., 2020)
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Appendix II - Example of stated choice question
Figure 40 shows an example of a question in the stated choice experiment of Dieten (2015).

Figure 40: Example of a question in the stated choice experiment (Dieten, 2015).
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Appendix III - Explanation of the data preparation
In this appendix, the process of the data preparation is explained.
If a respondent indicated to prefer sharing system 1 or 2, 2 rows per choice set are created. If a respondent
indicated to prefer no sharing system, 3 rows per choice set are created. Since the respondents had to answer
4 choice sets per motive 8 (4*2) to 12 (4*3) rows were created per respondent. NLogit 6 (Econometric
Software Inc., 2016) uses a variable to consider the panel effect, the effect that the data has blocks of data for
each person for each choice set. A variable is used to indicate the number of rows per respondent, and thus
to consider the panel effect. Another variable is added to indicate the alternative that was chosen by the
respondent.
See Table 30 for an example of the answers of a respondent. This respondent chose 2 times a car sharing
system and 2 times the none alternative.
Table 30: Example answers of a respondent.

Respondent 1
Respondent 1
Respondent 1
Respondent 1

Choice set 1
Choice set 2
Choice set 3
Choice set 4

Car sharing system 1
X

Car sharing system 2

None

X
X
X

See Table 31 for a schematic overview of the corresponding data. For choice set 1 and 2, 2 rows per choice set
are created. For choice set 3 and 4, 3 rows per choice set are created. In total 10 rows are created (2*2 + 2*3).
Table 31: Example data preparation.

Car sharing system
Respondent 1
Respondent 1
Respondent 1
Respondent 1
Respondent 1
Respondent 1
Respondent 1
Respondent 1
Respondent 1
Respondent 1

Choice set 1
Choice set 1
Choice set 2
Choice set 2
Choice set 3
Choice set 3
Choice set 3
Choice set 4
Choice set 4
Choice set 4
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Attributes car sharing system 1
0
Attributes car sharing system 2
0
Attributes car sharing system 1
Attributes car sharing system 2
0
Attributes car sharing system 1
Attributes car sharing system 2
0
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Chosen by
respondent
1
0
1
0
0
0
1
0
0
1

Number of
rows
2
2
2
2
3
3
3
3
3
3
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Appendix IV - Defined levels of education and income in both surveys
In the survey of Dieten (2015), the educational level of the respondents is defined as:
• Geen, lager- of basisonderwijs
• Voortgezet onderwijs
• Middelbaar beroepsonderwijs
• Hoger beroepsonderwijs
• Wetenschappelijk onderwijs
In the ODiN survey (CBS & RWS, 2018), the educational level of the respondent is defined as:
• Geen opleiding voltooid
• Basisonderwijs, lager onderwijs
• Lager beroepsonderwijs of vglo, lavo, mavo, mulo, vmbo
• Middelbaar beroepsonderwijs of havo, atheneum, gymnasium, mms, hbs
• Hoger beroepsonderwijs, Universiteit
• Andere opleiding
The levels are compared using the classification, as presented in Table 32. These are purposely not translated
into English.
Table 32: Defined categories educational level by Dieten (2015) and by CBS & RWS (2018).

Dieten (2015)
Geen, lager- of basisonderwijs
Voortgezet onderwijs
Middelbaar beroepsonderwijs
Hoger beroepsonderwijs
Wetenschappelijk onderwijs

ODiN survey (CBS & RWS, 2018)
Geen opleiding voltooid
Basisonderwijs, lager onderwijs
Lager beroepsonderwijs of vglo, lavo, mavo, mulo, vmbo
Middelbaar beroepsonderwijs of havo, atheneum, gymnasium, mms, hbs
Hoger beroepsonderwijs, Universiteit
Andere opleiding

Table 33 shows the defined categories for income. It should be noted that Dieten (2015) asked the income of
the respondent. In the ODiN survey (CBS & RWS, 2018), the disposable household income in 10 percent
groups is defined. In the the ODiN survey (CBS & RWS, 2018), the income levels are also translated to
standardized disposable income levels. The levels in the table, are purposely not translated into English.
Table 33: Defined categories income by Dieten (2015) and by CBS & RWS (2018).

Dieten (2015)
Wil niet zeggen
Minder dan €12.500
Beneden modaal €12.500 - €26.200
Modaal €26.200 - €38.800
1 – 2x modaal €38.800 - €65.000
2x modaal €65.000 - €77.500
Meer dan 2x modaal €77.500 of hoger
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ODiN survey (CBS & RWS, 2018)
Inkomen onbekend
Eerste 10% groep
Tweede 10% groep
Derde 10% groep
Vierde 10% groep
Vijfde 10% groep
Zesde 10% groep
Zevende 10% groep
Achtste 10% groep
Negende 10% groep
Tiende 10% groep
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Appendix V - Comparison of trip characteristics
In this appendix, the trip characteristics of both surveys is compared.
Trip frequency
Table 34: Reported trip frequency.

Work
Not applicable
3 days a week or less
4 days a week
5 days a week
6 days a week or more
Total
Shopping and groceries
Not applicable
Once a month or less
1-2 times a month
3-4 times a month
1-2 times a week
3-4 times a week
5 times a week or more
Total
Recreation
Not applicable
Once a month or less
1-2 times a month
3-4 times a month
1-2 times a week
3-4 times a week
5 times a week or more
Total

Research sample
frequency
(Dieten, 2015)

Research sample
percent
(Dieten, 2015)

117
73
79
133
8
410

29%
18%
19%
32%
2%

x
25%
27%
45%
3%

66
156
148
73
254
85
38
820

8%
19%
18%
9%
31%
10%
5%

x
21%
20%
10%
34%
11%
5%

15
82
115
81
84
21
12
410

4%
20%
28%
20%
20%
5%
3%

x
21%
29%
21%
21%
5%
3%

Table 34 shows the frequency of the different trip purposes. The trip frequency could not be compared to the
ODiN (CBS & RWS, 2018) since that survey has another setup. The survey results show that for the work
purpose most respondents conduct the trip 5 days a week. For shopping and groceries, most respondents
conduct a trip 1-2 times a week. For the recreation purpose, most respondents travel 1-2 times per month.
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Trip distance
Table 35: Comparison reported trip distance.

Work
Not applicable
0 - 2,5 km
2,5 - 5 km
5 - 10 km
10 - 20 km
20 - 30 km
30 - 50 km
50 - 100 km
100 km or more
Total
Shopping and groceries
Not applicable
0 - 2,5 km
2,5 - 5 km
5 - 10 km
10 - 20 km
20 - 30 km
30 - 50 km
50 - 100 km
100 km or more
Total
Recreation
Not applicable
0 - 2,5 km
2,5 - 5 km
5 - 10 km
10 - 20 km
20 - 30 km
30 - 50 km
50 - 100 km
100 km or more
Total

Research
sample
frequency
(Dieten,
2015)

Research
sample
percent
(Dieten,
2015)

ODiN percent
(CBS & RWS,
2018)

109
36
43
58
54
51
28
25
6
410

27%
9%
10%
14%
13%
12%
7%
6%
1%

x
12%
14%
19%
18%
17%
9%
8%
2%

16%
12%
17%
18%
12%
13%
10%
2%

63
274
194
127
103
37
16
4
2
820

8%
33%
24%
15%
13%
5%
2%
0%
0%

x
36%
26%
17%
14%
5%
2%
1%
0%

54%
17%
14%
8%
3%
2%
1%
0%

15
33
38
53
65
49
45
54
58
410

4%
8%
9%
13%
16%
12%
11%
13%
14%

x
8%
10%
13%
16%
12%
11%
14%
15%

30%
16%
18%
13%
6%
6%
6%
4%

The reported trip distance of both surveys is compared. Table 35 shows that, for the work purpose, in the
ODiN survey slightly more longer trips are reported. For the shopping plus groceries, and recreation purpose
the opposite is true. For shopping plus groceries more trips between 0 and 2,5 km are reported. For
recreation more trips between 0 and 10 km are reported.
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Trip duration
Table 36: Comparison reported trip duration.

Work
Not applicable
5 minutes or less
6 - 15 minutes
16 - 30 minutes
31 - 60 minutes
61 minutes or more
Total
Shopping and groceries
Not applicable
5 minutes or less
6 - 15 minutes
16 - 30 minutes
31 - 60 minutes
61 minutes or more
Total
Recreation
Not applicable
5 minutes or less
6 - 15 minutes
16 - 30 minutes
31 - 60 minutes
61 minutes or more
Total

Research
sample
frequency
(Dieten,
2015)

Research
sample
percent
(Dieten,
2015)

ODiN percent
(CBS & RWS,
2018)

114
26
82
100
60
28
410

28%
6%
20%
24%
15%
7%

x
9%
28%
34%
20%
9%

2%
19%
32%
32%
14%

70
220
309
162
51
8
820

9%
27%
38%
20%
6%
1%

x
29%
41%
22%
7%
1%

7%
55%
26%
9%
3%

18
21
80
104
86
101
410

4%
5%
20%
25%
21%
25%

x
5%
20%
27%
22%
26%

3%
33%
31%
19%
14%

The reported trip duration of both surveys is compared, see Table 36. For work trips, in the ODiN survey more
longer trips are reported. This is in line with the findings of the trip distance. For shopping trips, again more
longer trips are reported in the ODiN. This is remarkable since for the trip distance more shorter trips were
reported. For recreation trips more shorter trips are reported in the ODiN survey, this is in line with the
findings of the trip distance.
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Trip mode
Table 37: Comparison reported trip mode.

Work
Not applicable
Bike
Car
Train
Public transport (other)
Other
Total
Shopping and groceries
Not applicable
Bike
Car
Train
Public transport (other)
Other
Total
Recreation
Not applicable
Bike
Car
Train
Public transport (other)
Other
Total

Research
sample
frequency
(Dieten,
2015)

Research
sample
percent
(Dieten,
2015)

ODiN percent
(CBS & RWS,
2018)

101
78
191
14
16
10
410

25%
19%
47%
3%
4%
2%

x
25%
62%
5%
5%
3%

23%
57%
7%
3%
10%

65
216
411
24
79
25
820

8%
26%
50%
3%
10%
3%

x
29%
54%
3%
10%
3%

29%
53%
1%
1%
17%

12
50
298
23
14
13
410

3%
12%
73%
6%
3%
3%

x
13%
75%
6%
4%
3%

25%
57%
2%
2%
14%

The reported trip mode is compared. Table 37 shows that for the work and shopping motive, the reported trip
modes are similar. For the recreation trips, more bike trips are reported, and less car trips in the ODiN survey
(CBS & RWS, 2018).
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Appendix VI - Current use of car sharing
Figure 41 shows the current use of car sharing of the respondents of the survey of Dieten (2015). The figure
shows that 10% of the sample uses car sharing. Most of the current users uses car sharing annually. Only 0,2%
of the respondents (is 1 respondent) uses car sharing daily.

Current use of car sharing (n=410)
100%

90%

80%
60%
40%
20%

5,6%

3,2%

1,0%

0,2%

Annually

Monthly

Weekly

Daily

0%
Never

Figure 41: Reported current use of car sharing.
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Appendix VII - Correlation between independent variables
In this appendix, the correlation tables are presented. IBM SPSS Statistics 25 (IBM Corp., 2017) is used to
create these tables. The correlation tables are presented in Table 42, Table 43, Table 44, and Table 45. The
meaning of the variable names are presented in Table 38, Table 39, Table 40, and Table 41. The variable name
-1 indicates that this is the base level of the coded variables.
Table 38: Socio-demographic variable names.

Car owner
No car owner
Gender: Male
Gender: Female
Age: 18 to 40
Age: 40 to 60
Age: 60 years or older
Education: None, basic, primary, secondary (vocational)
Education: Higher, or academic education
Income: did not say
Income: €0 to €26,200
Income: €26,200 to €38,800
Income: €38,800 or more
Household: Single with or without kids, and other
Household: Multi person without kids
Household: Multi person with kids

Variable name
SocCar
-1
SocMale
-1
SAge0_40
SAge40_60
-1
-1
SEduHigh
-1
SIn0_26
SIn26_38
SIn38
-1
SMpNoChi
SMpChild

Table 39: Trip variable names.

Trip frequency: Not applicable
Trip frequency: 1 to 4 days per week
Trip frequency: 5 to 7 days per week
Trip distance: Not applicable
Trip distance: 0 to 10 km
Trip distance: 10 km or more
Trip duration: Not applicable
Trip duration: 0 to 15 minutes
Trip duration: 16 to 30 minutes
Trip duration: 31 minutes or more
Trip mode: Not applicable
Trip mode: Car
Trip mode Other (bike, train, public transport, other)
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Variable name
-1
TFreq3_4
TFreq5_6
-1
TDis0_10
TDis10
-1
TDu0_15
TDu16_30
TDu31
-1
TModeCar
TModeOth
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Table 40: Built environment variable names.

Distance to nearest large supermarket
Distance to nearest other daily groceries
Distance to nearest café
Distance to nearest primary school
Distance to nearest main road entranceway.
Distance to nearest train station
Distance to nearest major interchange station
Urbanity: Very strong, and strong
Urbanity: Moderately, small urbanity, and none

Variable name
BuD_SUPERM
BuD_DAGLMD
BuD_CAFE
BuD_ONDBAS
BuD_OPRIT
BuD_TREINS
BuD_TRNOVS
BuHiDens
-1

Table 41: Car sharing system variable names.

Variable name
-1
CsNoRes
-1
CsNoPerC
-1
CsPKm04 CsPKm05 CsPKm06
-1
CsPHr5 CsPHr6 CsPHr7
-1
CsNoResP
-1
CsNoFixL
-1
CsFuC
-1
CsW10
CsW15

Necessary to reserve a car
Not necessary to reserve a car
Personal contact needed
No personal contact needed
Cost: € 0,3/km
Cost: €0,4/km €0,5/km €0,6/km
Cost: €4/hour
Cost: €5/hour €6/hour €7/hour
Reserved parking
No reserved parking
Fixed return location
No fixed return location
Electric vehicle
Fuel vehicle
5-minute walk to car
10-minute walk to car
15-minute walk to car
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Table 42: Correlation table socio-demographic characteristics.
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Table 43: Correlation table trip characteristics.
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Table 44: Correlation table characteristics of the built environment.
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Table 45: Correlation table characteristics of car sharing system.
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Appendix VIII – NLOGIT 6 output discrete choice models
In this appendix, the NLOGIT 6 (Econometric Software Inc., 2016) output of the multinomial logit model and
the mixed logit model is presented.
Multinomial logit model
----------------------------------------------------------------------------Discrete choice (multinomial logit) model
Dependent variable
Choice
Log likelihood function
-3136.91525
Estimation based on N =
3866, K = 17
Inf.Cr.AIC =
6307.8 AIC/N =
1.632
--------------------------------------Log likelihood R-sqrd R2Adj
ASCs only model must be fit separately
Use NLOGIT ;...;RHS=ONE$
Note: R-sqrd = 1 - logL/Logl(constants)
Warning: Model does not contain a full
set of ASCs. R-sqrd is problematic. Use
model setup with ;RHS=one to get LogL0.
--------------------------------------Response data are given as ind. choices
Number of obs.= 3866, skipped
0 obs
--------+-------------------------------------------------------------------|
Standard
Prob.
95% Confidence
CHOICE| Coefficient
Error
z
|z|>Z*
Interval
--------+-------------------------------------------------------------------CSS2|
.23823***
.08535
2.79 .0053
.07094
.40552
CPK4|
-.18216**
.07407
-2.46 .0139
-.32733
-.03699
CPK5|
.16080*
.08697
1.85 .0645
-.00966
.33125
CPK6|
-.34101***
.08011
-4.26 .0000
-.49801
-.18400
CPH5|
-.00941
.06903
-.14 .8915
-.14470
.12588
CPH6|
.12669
.08259
1.53 .1250
-.03518
.28855
CPH7|
-.49698***
.07789
-6.38 .0000
-.64964
-.34432
CNFL|
.08384***
.02968
2.82 .0047
.02566
.14202
CW10|
-.10519**
.04516
-2.33 .0198
-.19370
-.01668
CW15|
-.11249**
.04883
-2.30 .0212
-.20819
-.01680
LCSA1|
.45685***
.07003
6.52 .0000
.31958
.59411
LCSA2|
-.19848***
.06382
-3.11 .0019
-.32357
-.07339
LCSEHI|
.17708***
.04760
3.72 .0002
.08378
.27038
LCSCAR|
-.59505***
.08462
-7.03 .0000
-.76090
-.42921
LCSMAL|
.13230***
.04607
2.87 .0041
.04200
.22260
LCTMC|
.32995***
.06443
5.12 .0000
.20368
.45622
LCTMO|
.25763***
.07269
3.54 .0004
.11516
.40010
--------+-------------------------------------------------------------------***, **, * ==> Significance at 1%, 5%, 10% level.
Model was estimated on May 20, 2020 at 00:03:34 PM
-----------------------------------------------------------------------------
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Mixed logit model
----------------------------------------------------------------------------Random Parameters Multinom. Logit Model
Dependent variable
CHOICE
Log likelihood function
-2419.23325
Restricted log likelihood
-4247.23511
Chi squared [ 18](P= .000)
3656.00373
Significance level
.00000
McFadden Pseudo R-squared
.4303981
Estimation based on N =
3866, K = 18
Inf.Cr.AIC =
4874.5 AIC/N =
1.261
--------------------------------------Log likelihood R-sqrd R2Adj
No coefficients -4247.2351 .4304 .4285
Constants only can be computed directly
Use NLOGIT ;...;RHS=ONE$
At start values -3136.9153 .2288 .2263
Note: R-sqrd = 1 - logL/Logl(constants)
Warning: Model does not contain a full
set of ASCs. R-sqrd is problematic. Use
model setup with ;RHS=one to get LogL0.
--------------------------------------Response data are given as ind. choices
Replications for simulated probs. =1000
Used Halton sequences in simulations.
RPL model with panel has
410 groups
Variable number of obs./group =IPAN
Number of obs.= 3866, skipped
0 obs
--------+-------------------------------------------------------------------|
Standard
Prob.
95% Confidence
CHOICE| Coefficient
Error
z
|z|>Z*
Interval
--------+-------------------------------------------------------------------|Random parameters in utility functions..............................
CSS2|
4.37633***
.99970
4.38 .0000
2.41696
6.33570
|Nonrandom parameters in utility functions...........................
CPK4|
-.16001*
.09121
-1.75 .0794
-.33877
.01875
CPK5|
.05569
.12233
.46 .6490
-.18408
.29546
CPK6|
-.32321***
.10196
-3.17 .0015
-.52305
-.12336
CPH5|
-.01013
.08669
-.12 .9070
-.18004
.15979
CPH6|
.15449
.11835
1.31 .1917
-.07746
.38645
CPH7|
-.60541***
.10067
-6.01 .0000
-.80272
-.40810
CNFL|
.07394**
.03689
2.00 .0451
.00163
.14625
CW10|
-.11363**
.05509
-2.06 .0391
-.22159
-.00566
CW15|
-.11112*
.06123
-1.81 .0696
-.23113
.00890
LCSA1|
1.87039**
.74413
2.51 .0120
.41193
3.32886
LCSA2|
-1.02082
.67625
-1.51 .1312
-2.34625
.30460
LCSEHI|
.82134
.50400
1.63 .1032
-.16648
1.80916
LCSCAR|
-3.14224***
.93417
-3.36 .0008
-4.97317 -1.31130
LCSMAL|
.48207
.48124
1.00 .3165
-.46115
1.42528
LCTMC|
1.72831**
.69596
2.48 .0130
.36424
3.09237
LCTMO|
1.47714*
.76289
1.94 .0528
-.01808
2.97237
|Distns. of RPs. Std.Devs or limits of triangular....................
NsCSS2|
7.96468***
.86091
9.25 .0000
6.27732
9.65204
--------+-------------------------------------------------------------------***, **, * ==> Significance at 1%, 5%, 10% level.
Model was estimated on May 20, 2020 at 01:55:49 PM
-----------------------------------------------------------------------------
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Appendix IX – Detailed mixed Logit models
The parameters of the models are presented in this appendix. In addition, the NLogit 6 (Econometric Software
Inc., 2016) output is presented. See Table 46 for the work model, Table 47 for the shopping model, and Table
48 for the recreation model.
Table 46: Part-worth utilities model work.

Work
Random parameter
Constant
Constant - σ

β
4,37633
7,96468

***
***

p
0,0000
0,0000

Non-random parameter
Cost: € 0,3 per km
Cost: € 0,4 per km
Cost: € 0,5 per km
Cost: € 0,6 per km

0,42753
-0,16001
0,05569
-0,32321

Cost: € 4 per hour
Cost: € 5 per hour
Cost: € 6 per hour
Cost: € 7 per hour

0,46105
-0,01013
0,15449
-0,60541

No fixed location for car
Fixed location for car

0,07394
-0,07394

5-minute walk
10-minute walk
15-minute walk

0,22475
-0,11363
-0,11112

Age: 18 to 40
Age: 40 to 60
Age: 60 years or older

1,87039
-1,02082
-0,84957

Education: Basic, primary, secondary (vocational)
Education: Higher vocational or academic

-0,82134
0,82134

Car owner
No car owner

-3,14224
3,14224

Gender: Male
Gender: Female

0,48207
-0,48207

Trip mode: Not applicable
Trip mode: Car
Trip mode: Other

-3,20545
1,72831
1,47714
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*
***

0,0794
0,6490
0,0015

***

0,9070
0,1917
0,0000

**

0,0451

**
*

0,0391
0,0696

**

0,0120
0,1312

0,1032
***

0,0008
0,3165

**
*

0,0130
0,0528
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----------------------------------------------------------------------------Random Parameters Multinom. Logit Model
Dependent variable
CHOICE
Log likelihood function
-2419.23325
Restricted log likelihood
-4247.23511
Chi squared [ 18](P= .000)
3656.00373
Significance level
.00000
McFadden Pseudo R-squared
.4303981
Estimation based on N =
3866, K = 18
Inf.Cr.AIC =
4874.5 AIC/N =
1.261
--------------------------------------Log likelihood R-sqrd R2Adj
No coefficients -4247.2351 .4304 .4285
Constants only can be computed directly
Use NLOGIT ;...;RHS=ONE$
At start values -3136.9153 .2288 .2263
Note: R-sqrd = 1 - logL/Logl(constants)
Warning: Model does not contain a full
set of ASCs. R-sqrd is problematic. Use
model setup with ;RHS=one to get LogL0.
--------------------------------------Response data are given as ind. choices
Replications for simulated probs. =1000
Used Halton sequences in simulations.
RPL model with panel has
410 groups
Variable number of obs./group =IPAN
Number of obs.= 3866, skipped
0 obs
--------+-------------------------------------------------------------------|
Standard
Prob.
95% Confidence
CHOICE| Coefficient
Error
z
|z|>Z*
Interval
--------+-------------------------------------------------------------------|Random parameters in utility functions..............................
CSS2|
4.37633***
.99970
4.38 .0000
2.41696
6.33570
|Nonrandom parameters in utility functions...........................
CPK4|
-.16001*
.09121
-1.75 .0794
-.33877
.01875
CPK5|
.05569
.12233
.46 .6490
-.18408
.29546
CPK6|
-.32321***
.10196
-3.17 .0015
-.52305
-.12336
CPH5|
-.01013
.08669
-.12 .9070
-.18004
.15979
CPH6|
.15449
.11835
1.31 .1917
-.07746
.38645
CPH7|
-.60541***
.10067
-6.01 .0000
-.80272
-.40810
CNFL|
.07394**
.03689
2.00 .0451
.00163
.14625
CW10|
-.11363**
.05509
-2.06 .0391
-.22159
-.00566
CW15|
-.11112*
.06123
-1.81 .0696
-.23113
.00890
LCSA1|
1.87039**
.74413
2.51 .0120
.41193
3.32886
LCSA2|
-1.02082
.67625
-1.51 .1312
-2.34625
.30460
LCSEHI|
.82134
.50400
1.63 .1032
-.16648
1.80916
LCSCAR|
-3.14224***
.93417
-3.36 .0008
-4.97317 -1.31130
LCSMAL|
.48207
.48124
1.00 .3165
-.46115
1.42528
LCTMC|
1.72831**
.69596
2.48 .0130
.36424
3.09237
LCTMO|
1.47714*
.76289
1.94 .0528
-.01808
2.97237
|Distns. of RPs. Std.Devs or limits of triangular....................
NsCSS2|
7.96468***
.86091
9.25 .0000
6.27732
9.65204
--------+-------------------------------------------------------------------***, **, * ==> Significance at 1%, 5%, 10% level.
Model was estimated on May 20, 2020 at 01:55:49 PM
-----------------------------------------------------------------------------
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Table 47: Part-worth utilities model shopping.

Shopping
Random parameter
Constant
Constant - σ

β
2,09452
6,90357

***
***

p
0,0003
0,0000

***

0,5878
0,7061
0,0000

***

0,2928
0,1667
0,0000

***

0,0000

***

0,2539
0,0058

***
***

0,0039
0,0080

Non-random parameter
Cost: € 0,3 per km
Cost: € 0,4 per km
Cost: € 0,5 per km
Cost: € 0,6 per km

0,39650
-0,03348
0,03173
-0,39475

Cost: € 4 per hour
Cost: € 5 per hour
Cost: € 6 per hour
Cost: € 7 per hour

0,31603
-0,06277
0,11190
-0,36516

No fixed location for car
Fixed location for car

0,12262
-0,12262

5-minute walk
10-minute walk
15-minute walk

0,16059
-0,04342
-0,11717

Age: 18 to 40
Age: 40 to 60
Age: 60 years or older

1,22866
-1,05947
-0,16919

Education: Basic, primary, secondary (vocational)
Education: Higher vocational or academic

-0,16886
0,16886

Car owner
No car owner

-2,07602
2,07602

***

0,0000

Gender: Male
Gender: Female

0,59012
-0,59012

**

0,0440

Trip mode: Not applicable
Trip mode: Car
Trip mode: Other

-2,96248
2,47417
0,48831

***

0,0000
0,3039
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----------------------------------------------------------------------------Random Parameters Multinom. Logit Model
Dependent variable
CHOICE
Log likelihood function
-5051.90279
Restricted log likelihood
-8554.89389
Chi squared [ 18](P= .000)
7005.98221
Significance level
.00000
McFadden Pseudo R-squared
.4094722
Estimation based on N =
7787, K = 18
Inf.Cr.AIC = 10139.8 AIC/N =
1.302
--------------------------------------Log likelihood R-sqrd R2Adj
No coefficients -8554.8939 .4095 .4085
Constants only can be computed directly
Use NLOGIT ;...;RHS=ONE$
At start values -6442.8425 .2159 .2146
Note: R-sqrd = 1 - logL/Logl(constants)
Warning: Model does not contain a full
set of ASCs. R-sqrd is problematic. Use
model setup with ;RHS=one to get LogL0.
--------------------------------------Response data are given as ind. choices
Replications for simulated probs. =1000
Used Halton sequences in simulations.
RPL model with panel has
820 groups
Variable number of obs./group =IPAN
Number of obs.= 7787, skipped
0 obs
--------+-------------------------------------------------------------------|
Standard
Prob.
95% Confidence
CHOICE| Coefficient
Error
z
|z|>Z*
Interval
--------+-------------------------------------------------------------------|Random parameters in utility functions..............................
CSS2|
2.09452***
.57981
3.61 .0003
.95811
3.23092
|Nonrandom parameters in utility functions...........................
CPK4|
-.03348
.06176
-.54 .5878
-.15453
.08758
CPK5|
.03173
.08414
.38 .7061
-.13317
.19664
CPK6|
-.39475***
.07206
-5.48 .0000
-.53600
-.25351
CPH5|
-.06277
.05967
-1.05 .2928
-.17971
.05418
CPH6|
.11190
.08091
1.38 .1667
-.04669
.27048
CPH7|
-.36516***
.06904
-5.29 .0000
-.50048
-.22985
CNFL|
.12262***
.02560
4.79 .0000
.07245
.17279
CW10|
-.04342
.03806
-1.14 .2539
-.11801
.03117
CW15|
-.11717***
.04244
-2.76 .0058
-.20035
-.03400
LCSA1|
1.22866***
.42520
2.89 .0039
.39527
2.06204
LCSA2|
-1.05947***
.39922
-2.65 .0080
-1.84194
-.27701
LCSEHI|
.16886
.29751
.57 .5703
-.41425
.75197
LCSCAR|
-2.07602***
.50170
-4.14 .0000
-3.05933 -1.09271
LCSMAL|
.59012**
.29295
2.01 .0440
.01595
1.16430
LCTMC|
2.47417***
.48113
5.14 .0000
1.53118
3.41716
LCTMO|
.48831
.47493
1.03 .3039
-.44254
1.41915
|Distns. of RPs. Std.Devs or limits of triangular....................
NsCSS2|
6.90357***
.48226
14.32 .0000
5.95837
7.84878
--------+-------------------------------------------------------------------***, **, * ==> Significance at 1%, 5%, 10% level.
Model was estimated on May 22, 2020 at 04:10:46 PM
-----------------------------------------------------------------------------
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Table 48: Part-worth utilities model recreation.

Recreation
Random parameter
Constant
Constant - σ

β
2,23415
7,02836

Non-random parameter
Cost: € 0,3 per km
Cost: € 0,4 per km
Cost: € 0,5 per km
Cost: € 0,6 per km

0,53467
-0,13360
0,00337
-0,40444

Cost: € 4 per hour
Cost: € 5 per hour
Cost: € 6 per hour
Cost: € 7 per hour

0,41731
0,00801
-0,06271
-0,36261

No fixed location for car
Fixed location for car

0,14862
-0,14862

5-minute walk
10-minute walk
15-minute walk

0,17960
0,05052
-0,23012

Age: 18 to 40
Age: 40 to 60
Age: 60 years or older

0,95282
-0,30375
-0,64907

Education: Basic, primary, secondary (vocational)
Education: Higher vocational or academic

-1,00085
1,00085

Car owner
No car owner

-1,02420
1,02420

0,1548

Gender: Male
Gender: Female

0,08021
-0,08021

0,8487

Trip mode: Not applicable
Trip mode: Car
Trip mode: Other

-3,51512
1,54538
1,96974
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**
***

p
0,0287
0,0000

***

0,1369
0,9775
0,0001

***

0,9248
0,5870
0,0003

***

0,0000

***

0,3501
0,0002
0,1184
0,5953

**

*
**

0,0223

0,0794
0,0476
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----------------------------------------------------------------------------Random Parameters Multinom. Logit Model
Dependent variable
CHOICE
Log likelihood function
-2473.28792
Restricted log likelihood
-4176.92392
Chi squared [ 18](P= .000)
3407.27201
Significance level
.00000
McFadden Pseudo R-squared
.4078686
Estimation based on N =
3802, K = 18
Inf.Cr.AIC =
4982.6 AIC/N =
1.311
--------------------------------------Log likelihood R-sqrd R2Adj
No coefficients -4176.9239 .4079 .4059
Constants only can be computed directly
Use NLOGIT ;...;RHS=ONE$
At start values -3178.3084 .2218 .2192
Note: R-sqrd = 1 - logL/Logl(constants)
Warning: Model does not contain a full
set of ASCs. R-sqrd is problematic. Use
model setup with ;RHS=one to get LogL0.
--------------------------------------Response data are given as ind. choices
Replications for simulated probs. =1000
Used Halton sequences in simulations.
RPL model with panel has
410 groups
Variable number of obs./group =IPAN
Number of obs.= 3802, skipped
0 obs
--------+-------------------------------------------------------------------|
Standard
Prob.
95% Confidence
CHOICE| Coefficient
Error
z
|z|>Z*
Interval
--------+-------------------------------------------------------------------|Random parameters in utility functions..............................
CSS2|
2.23415**
1.02113
2.19 .0287
.23276
4.23554
|Nonrandom parameters in utility functions...........................
CPK4|
-.13360
.08981
-1.49 .1369
-.30963
.04243
CPK5|
.00337
.11947
.03 .9775
-.23079
.23753
CPK6|
-.40444***
.10351
-3.91 .0001
-.60731
-.20157
CPH5|
.00801
.08484
.09 .9248
-.15826
.17429
CPH6|
-.06271
.11544
-.54 .5870
-.28896
.16355
CPH7|
-.36261***
.09927
-3.65 .0003
-.55716
-.16805
CNFL|
.14862***
.03663
4.06 .0000
.07682
.22042
CW10|
.05052
.05407
.93 .3501
-.05545
.15650
CW15|
-.23012***
.06126
-3.76 .0002
-.35020
-.11005
LCSA1|
.95282
.61018
1.56 .1184
-.24311
2.14874
LCSA2|
-.30375
.57185
-.53 .5953
-1.42455
.81705
LCSEHI|
1.00085**
.43809
2.28 .0223
.14221
1.85948
LCSCAR|
-1.02420
.71993
-1.42 .1548
-2.43524
.38685
LCSMAL|
.08021
.42040
.19 .8487
-.74377
.90419
LCTMC|
1.54538*
.88102
1.75 .0794
-.18139
3.27215
LCTMO|
1.96974**
.99444
1.98 .0476
.02068
3.91879
|Distns. of RPs. Std.Devs or limits of triangular....................
NsCSS2|
7.02836***
.70521
9.97 .0000
5.64617
8.41055
--------+-------------------------------------------------------------------***, **, * ==> Significance at 1%, 5%, 10% level.
Model was estimated on May 24, 2020 at 00:31:55 PM
-----------------------------------------------------------------------------
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Appendix X - Calculated probabilities and Bonferroni test
In Table 49, Table 50, Table 51, Table 52, Table 53, and Table 54 the calculated probabilities are presented. In
addition, the output of the Bonferroni test is presented.
Per trip motive
Table 49: Calculated probabilities per trip motive and Bonferroni test.
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Per main transportation mode trip
Table 50: Calculated probabilities per trip mode and Bonferroni test.
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Per trip distance
Table 51: Calculated probabilities per trip distance and Bonferroni test.
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Per urbanity residential municipality
Table 52: Calculated probabilities per urbanity residential municipality and Bonferroni test.
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Per departure location trip
Table 53: Calculated probabilities per departure location trip and Bonferroni test.
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Per number of trip legs
Table 54: Calculated probabilities per number of trip legs and Bonferroni test.
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Appendix XI - Number of ODiN (CBS & RWS, 2018) trips
This appendix shows the number of ODiN trips (CBS & RWS, 2018) departing from a municipality. The
calculated probabilities are based on these trips. See Figure 42, Figure 43, Figure 44, and Figure 45 for the
number of trips per motive.
Total

Figure 42: Map of the number of ODiN (CBS & RWS, 2018) trips, total.
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Work

Figure 43: Map of the number of ODiN (CBS & RWS, 2018) trips, work.
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Shopping

Figure 44: Map of the number of ODiN (CBS & RWS, 2018) trips, shopping.
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Recreation

Figure 45: Map of the number of ODiN (CBS & RWS, 2018) trips, recreation.
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Appendix XII - Calculated probabilities presented on a map
This appendix shows the calculated probabilities on a map. See Figure 46, Figure 47, Figure 48, and Figure 49
for the probabilities per trip motive.
Total

Figure 46: Plotted calculated probability, of all researched trips.
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Work

Figure 47: Plotted calculated probability, work.
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Shopping

Figure 48: Plotted calculated probability, shopping.
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Recreation

Figure 49: Plotted calculated probability, recreation.
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Appendix XIII - Possession of driving license per age group 2018
In Table 55 the percentage of people in possession of a driving license per age group is presented.
Table 55: Possession of driving license 1 January 2018 (CBS, 2018d).

Age group
18-20
20-30
30-40
40-50
50-60
60-70
70+

Title
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Possession of driving license passenger car
48,3%
74,9%
85,5%
87,1%
90,0%
85,9%
66,1%
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Appendix XIV - Potential number of trips presented on a map
In this appendix the potential number of shared car trips is plotted on the map. See Figure 50, Figure 51,
Figure 52, and Figure 53 for the map per trip motive.
Total

Figure 50: Plotted potential number of shared car trips, total.
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Work

Figure 51: Plotted potential number of shared car trips, work.
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Shopping

Figure 52: Plotted potential number of shared car trips, shopping.
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Recreation

Figure 53: Plotted potential number of shared car trips, recreation.
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Appendix XV – Potential number of trips Heerhugowaard and Hollands Kroon
In this appendix a part of the calculation of the potential number of shared car trips of the municipality of
Heerhugowaard and Hollands Kroon is presented.
Table 56: Calculation potential number of trips, municipalities Heerhugowaard and Hollands Kroon.

Heerhugowaard
Work trips total
Probability work trips
Work trips shared car
Shopping trips total
Probability shopping trips
Shopping trips shared car
Recreation trips total
Probability recreation trips
Recreation trips shared car
Total trips shared car

Title
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Hollands Kroon
26,976

0.6742

23,699
0.6703

18,186
19,673
0.6090

15,886
17,284
0.6342

11,980
28,549
0.6818

0.6787
19,465
49,631
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Appendix XVI – Characteristics respondents Heusden and Venray
In this appendix the characteristics of the respondents of the ODiN trips (CBS & RWS, 2018) departing from
the municipalities of Heusden and Venray are presented. These characteristics are the attributes in the mixed
logit models.
Table 57: Average age of the respondents, municipalities Heusden and Venray.

Average age in years
46.96
50.16

Heusen
Venray

Table 58: Educational level of the respondents, municipalities Heusden and Venray.

Educational
level
respondent
Heusden
Venray

None, basic or
primary
education
5.8 %
4.8 %

Secondary
education

Secondary
vocational
education
44.5 %
41.4 %

12.3 %
10.8 %

Higher, or
academic
education
36.8 %
40.1 %

Other or
unknown
education
0.6 %
3.0 %

Table 59: Car ownership of the respondents, municipalities Heusden and Venray.

Number of cars
Heusden
Venray

0
3.2 %
5.5 %

1
46.5 %
46.5 %

2 or more
50.3 %
48.0 %

Table 60: Gender of the respondents, municipalities Heusden and Venray.

Gender respondent
Heusden
Venray

Male
46.5 %
46.1 %

Female
53.5 %
53.9 %

Table 61: Main transportation mode of the trips, municipalities Heusden and Venray.

Main transportation mode
Heusden
Venray
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Car
67.1 %
71.0 %

Version
2020-08-18

Train
1.3 %
1.4 %

Bike
27.1 %
23.5 %

By foot
1.9 %
2.8 %

Other
2.6 %
1.4 %
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