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Abstract 

Shared modes of transport, including car sharing, have been pointed out as one way of reducing 

private car use, contributing to an efficient transportation system that fulfills societal and 

environmental goals. 

Previous studies show that a share of car sharing users sells or refrains from acquire a new vehicle, 

when entering car sharing. Also, on average, car sharing has been shown to reduce Vehicle 

Kilometers Traveled (VKT) by car among the users.  

This study is conducted in three parts. First, a literature review of the effects of car sharing on travel 

behavior and car ownership is presented. Second, an implementation of car sharing in an existing 

transport model is described and the estimated effects are analyzed in relation to the findings in the 

literature study. In the final part, the car sharing module is reformulated to model a station-based 

car sharing system, where the distances to car sharing vehicles are used to distribute the effect of car 

sharing on car ownership spatially. 

This work contributes to the field by connecting the results from previous research about car 

sharing with practical transport modelling. The model of the station-based car sharing system is a 

useful tool for planners when considering the placement of car sharing stations. Also, this study 

provides an updated literature review covering findings of the effects of car sharing on travel 

behaviour and car ownership.  

Keywords: car sharing, station-based car sharing, travel demand modelling, vehicle ownership 

modelling, four-step model 

 

Sammanfattning 

Delade transporter, däribland bilpooler, har lyfts fram som ett sätt att minska privat bilägande och 

bidra till ett effektivt transportsystem som uppfyller sociala och miljömässiga mål. 

Tidigare studier visar att en andel av bilpoolsanvändarna säljer sin bil, eller avstår att skaffa en ny 

när man går med i bilpool. Medlemskap i bilpool har också visat sig i genomsnitt minska antal 

fordonskilometer med bil för dess användare. 

Den här studien består av tre delar. Den första delen är en litteraturstudie över effekter av bilpool på 

resbeteende och bilinnehav. I den andra delen beskrivs och analyseras en befintlig implementering 

av bilpoolers effekter i en transportmodell. Detta görs i relation till resultaten i litteraturstudien. I 

den sista delen presenteras en alternativ bilpoolsmodul som modellerar ett stationsbaserat 

bilpoolssystem där avståndet till bilpoolsbilarna används för att fördela effekten av bilpool på 

bilinnehav geografiskt.  

Detta arbete bidrar med kunskap genom att kombinera resultat från tidigare forskning om bilpooler 

med praktisk transportmodellering. Modellen över ett stationsbaserat bilpoolssystem är ett 

användbart verktyg för planerare när olika placeringar av bilpoolsstationer övervägs. Studien bidrar 

också med en uppdaterad litteraturöversikt över bilpoolers effekter på resbeteende och bilinnehav. 

Nyckelord: bilpool, stationsbaserad bilpool, efterfrågemodelling, bilinnehavsmodelling, 

fyrstegsmodell 
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1. Introduction 

 Background 

Reduction of private car use and car ownership can contribute to reaching societal and 

environmental goals such as reduced emissions, accidents or congestion. As a consequence, many 

policy instruments, as for example congestion charges, fuel taxation, fringe benefit taxation, parking 

fees and emission trading target car use. (Petersen et al., 2012) Along with policy instruments, 

shared mobility services have been pointed out as a way to reduce private car ownership and use. 

Shared mobility can be defined as transportation services and resources that are shared among 

users, either concurrently or one after another. (Shared Use Mobility Center, 2019) Car sharing is 

found among these services, and is the focus of this study. Previous research indicate that car 

sharing can influence travel behaviour by reducing private vehicle holdings and Vehicle Kilometres 

Traveled (VKT) by car. (Martin et al., 2010) 

Defining car sharing 

In this report, the term car sharing is used in the American sense, and should not be confused with 

the British usage of the word referring to ride-sharing, carpooling or lift-sharing. (Schreier et al., 

2018) Car sharing can be defined as “[...] short-term vehicle access among a group of members 

who share a vehicle fleet that is maintained, managed, and insured by a third-party organization. 

It is typically provided through self-service vehicle access on a 24-h basis for short-term trips. 

Rates include fuel, insurance, and maintenance.” (Shaheen et al., 2015)  

Car sharing grow in importance 

The first car sharing efforts in Europe can be traced back to a cooperative known as “Sefage” which 

began operating 1948 in Zurich, Switzerland. Other attempts were made in Montpellier, France in 

1971 and in Amsterdam 1973. In Örebro, Sweden a car sharing service called “Vivalla bil”, which 

started as a transportation research experiment, operated between 1983-1998. The North American 

experience with car sharing begins later. The two first projects were conducted in West Lafayette, 

Indiana in 1983-1986 and in San Francisco 1983-1985. (Shaheen et al., 1999) 

Even though car sharing users account for a small share of the total population in most European 

countries (Loose, 2010), the phenomena grow in importance. By conducting interviews with car 

sharing experts, Shaheen and Cohen (2013) estimated the number of car sharing members and 

vehicles worldwide for the years 2006, 2008 and 2010. The number of members in 2010 were 3.6 

times higher than in 2006. It is also clear that the overall rates between car sharing members and 

car sharing vehicles have increased during this period, from 30 in 2006 to 40 in 2010.  



 

 

 

Source: Own processing based on Shaheen and Cohen (2013) 

Figure 1. Worldwide and Regional Car Sharing 
Membership 2006, 2008 and 2010 

 

Source: Own processing based on Shaheen and Cohen (2013) 

Figure 2. Worldwide and Regional Member-to-Vehicle 
ratios 2006, 2008 and 2010 

Car sharing in transport modelling 

The consideration of car sharing services has not been a part of traditional traffic planning, even 

though studies show that car sharing have an impact on travel behaviour and car ownership. As the 

importance of these services increase, the motivation for including car sharing in transport 

modelling grows. Some attempts to model the effects of car sharing have been made using an agent-

based approach. (Lopes et al., 2014; Francesco et al., 2014) The agent-based approach has its 

advantages. The nature of car sharing requires availability at precise points in time and space, 

making it less straight forward to use the four-step approach where the output consists of 

aggregated vehicle flow measures. (Francesco et al., 2014) Despite this, the four-step model is still 

the dominating modelling approach and as car sharing and other shared mobility services grow in 

importance, they should not be excluded from this type of analysis. This work highlights an existing 

four-step model that model the effect of car sharing and suggests how this can be developed.  

 Objectives 

The aim of this report is to investigate how access to car sharing services affects travel behaviour 

and car ownership and how these effects can be incorporated into a transport model. This is done by  

 

1. conducting a literature review of previous findings on the effect of car sharing on travel 

behaviour and car ownership,  

 

2. evaluating the modelling of car sharing in an existing transport model, LuTrans, and 

 

3. modifying the car sharing module in the LuTrans model with the purpose to make it even 

more useful for planning, both in capturing the effect of car sharing on the transport 

system, and by using available information of car sharing stations, vehicles and members.  

 

This work contributes to the field by connecting the results from previous research with practical 

transport modelling. It will also provide an updated literature review including recent findings of 

the effects of car sharing on the transportation system to ensure the relevance for today. This study 

also shows how distance to car sharing services can be used to model the effect of car sharing.  
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 Scope and limitation 

This work will focus on the effects of car sharing on travel behaviour and car ownership and the way 

this is incorporated into transport modelling. There will be no analysis of the environmental effects 

of car sharing. The report will focus on private users and not the cases where a private enterprise 

holds a contract for car sharing. 

Station-based car sharing system in Uppsala, Sweden 

Even though the modelling approach presented in this report can be applied for different 

geographical areas, this work will focus on a model developed for the Uppsala region in Sweden and 

the output will be presented for this area. The present car sharing system in Uppsala is a station-

based round-trip system. In this type of system, the vehicles are picked up at fixed locations with 

one or several cars. The users may book in advance and returns the vehicle at the same location as 

they picked it up. Except in the discussion of the present car sharing module, this analysis will not 

cover other car sharing systems such as free-floating car sharing, where vehicles can be picked up 

and left off at any spot. (Carplus, 2017) Neither is carpooling or peer-to-peer car sharing, where 

individuals share or rent out their private vehicles covered by this analysis. 

 

There are two car sharing providers in Uppsala, Sunfleet, the largest commercial operator in 

Sweden and Bilpoolarna, managed by a co-operative economic association. Sunfleet and 

Bilpoolarna has about 1 500 and 80 members in Uppsala respectively, (Sunfleet, e-mail 

communication 2018-10-25; Wrete, 2016) As far as the analysis considers the car sharing vehicles 

and stations in Uppsala, only the car sharing fleet of Sunfleet will be included. In the analysis, the 

number of car sharing members and car sharing users are treated as equal. However, in practice, all 

members of car sharing most unlikely are active. 

 

The figure below shows the positions of the car sharing stations and vehicles administrated by 

Sunfleet. As of the end of year 2018, this operator had 21 stations with 28 car sharing vehicles in 

total.  

 

Figure 3. Car sharing stations and vehicles in Uppsala city 
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2. Method 

 Research strategy 

This section describes which research activities that have been conducted to attain the objectives of 

this study.  

Literature review 

The literature review is a central part of the study, serving as the base for the evaluation of the car 

sharing model. For collecting relevant material for the review, the starting point has been a few 

publications summarizing information and findings on car sharing (IEA/OECD, 2009; Loose, 2010; 

Åkerman and Nyblom, 2014). From these reports, relevant literature has been found, studies that in 

turn provided relevant sources. The literature review covers previous findings on how car sharing is 

related to the following factors: built environment, socio economics, car ownership, Vehicle 

Kilometers Traveled (VKT) and trip purpose. 

Effort has been made to find quantitative estimates of the effect of car sharing. The estimates have 

been chosen to enable comparison between the outcome from the literature review with the 

produced output from the transport model. These quantitative estimates are: 

- car ownership, in terms of number of replaced private vehicles per car sharing vehicle,  

- change in Vehicle Kilometers Traveled (VKT) by car 

- change in the use of other modes, in particular public transport 

Description of car sharing module  

The next task has been to describe the LuTrans model and the car sharing module. The starting 

point has been the documentation of the model (WSP, 2016). The car sharing module has no formal 

documentation, but has been analyzed directly from the Fortran source code and through contact 

with experts at WSP. A part of the work has therefore been to formalize the code into equations and 

by that highlighting the mechanisms of the model. Chapter 4 is dedicated to the description of the 

LuTrans model and the car sharing module. 

Evaluation of the car sharing module 

In this part, both the model formulation and the estimated output is discussed in relation to 

previous findings.  

Model formulation 

First, the model formulation is discussed in relation to the findings from the literature study, by 

analyzing to what extent built environment, socio-economic factors, mode choice, car ownership 

and differentiation by trip purpose is taken into account.  

Output 

The car sharing module has originally been developed to model two car sharing scenarios 

representing different use of car sharing. Scenario 0 represents a state where car sharing is used to a 

lower degree compared to scenario 2. The differences between the scenarios are further described in 

section 4.4. The output from these two scenarios are put in relation to a base scenario without car 

sharing.  
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Modification of present model 

In this section, the car sharing module in LuTrans has been modified with the purpose to reflect the 

effect of a station-based car sharing on the transport system by using available information on car 

sharing stations, vehicles and members. 

For this this part, a small data collection exercise was conducted. The car sharing stations and the 

number of vehicles at each station were located using the operator’s webpage. (Sunfleet, 2018) The 

locations of the car sharing stations were then used to calculate an accessibility measure (the 

weighted number of car sharing vehicles accessible) by which the effect of car sharing on car 

ownership is distributed among the zones. The complete description of this model is given in 

chapter 7. Chapter 8 presents the output of this model, comparing it to a base scenario without car 

sharing.  

For this alternative, distance-based model, the necessary modifications of the source code have been 

performed by the author of this work. Information on the locations of the car sharing stations were 

added as indata to the model, mapped to the nearest zone centroid (see below). STATA (StataCorp, 

2013) has been used to process the LuTrans output to make the geographical visualization possible. 

The geographical visualization was performed using QGIS (QGIS Development Team, 2018), see 

2.3. 

 Scenarios 

This work includes analyses of two different formulations of the car sharing module in LuTrans, the 

original version and the alternative, distance-based version. As mentioned above, the original 

module was developed to analyze two future scenarios, one with lower level of car sharing (scenario 

0) and one with higher level of car sharing (scenario 2). The distance-based model is applied to a 

scenario using the number of car sharing vehicles and members present in Uppsala 2018. In this 

2018 scenario, the level of car sharing is considerably lower than in scenario 0 and 2.  

Table 1. Car sharing modules and car sharing vehicles in the different scenarios 

 
Scenario 

Car sharing module 
Base 

scenario Scenario 0 Scenario 2 
Scenario car 
sharing 2018 

Original 0 669 1 674 - 

Distance-based 0 - - 28 

 

 Visualization of results 

Figure 4 show how the Uppsala region is divided into zones, represented by their centroids 

(geometric center), while the road network is shown in figure 5. The LuTrans model generates 

output for each of the centroids. 



 

 

 
Figure 4. Zone centroids for Uppsala city in Emme 

  
Figure 5. Road network in Uppsala city in Emme 

Since the zones in Emme are represented by their centroids, without clear zone boundaries, another 

classification, NYKO 6, has been used when visualizing the results by zone. By using a key between 

the two classifications, the results are presented according to NYKO. However, in some cases, this 

leads to a slightly misleading visualization, since there is no one-to-one relationship between the 

Emme centroids and the NYKO zones. 

 

The LuTrans model of Uppsala covers a greater area than what is shown below, but this analysis 

focus on Uppsala city (Uppsala tätort), and hence, only the zones in figure 6 are considered when 

analyzing the results. The figures below show the NYKO zones for this area. QGIS has been used for 

presenting output according to NYKO.  

 

Figure 6. Uppsala city divided into NYKO 6 zones, used for visualization of LuTrans results 



 

11 
 

3. Literature review 
This chapter starts with an overview of why people travel and presents factors influencing travel 

behavior, such as socio-economy, built environment, car ownership and trip purpose. This picture 

will help us understand the role of car sharing in the transport system. This overview is followed by 

a summary of previous research on car sharing and its effect on travel behavior. Finally, quantitative 

estimates of the effects of car sharing on car ownership, Vehicle Kilometers Traveled (VKT) and 

mode choice are presented. 

 Trip generation and travel behavior 

According to transportation theory, there is no demand for travel per se. Instead, travel is 

considered a derived demand, derived from the desire to take part in activities. (Hensher and 

Button, 2008) How and to what extent individuals travel and the way that trips are performed is 

influenced by several factors. The built environment and the socio-economic characteristics of the 

population influence both the mode shares and the distance traveled. These factors are also related 

to the probability of owning a car, which in turn has implications for the travel behavior. 

The built environment sets the foundation for travel patterns. The neighborhood design is 

associated with certain accessibility to public transport, possibility to walk and bike, parking options 

and pricing. Studies in the US show that residents of areas with higher levels of urban density, land-

use mix, transit accessibility and pedestrian friendliness drive less car. (Handy et al., 2005) Also, 

households located in an urban area are more likely to be a car-free and households located in areas 

with higher walkability have an increased probability of having zero or one car. (Petersen et al., 

2016) The Swedish National Travel Survey (RVU Sweden) also show different transport behavior 

depending on the type of region. For example, individuals from sparsely populated municipalities 

travel longer distances per day on average compared to the population of densely populated areas. 

(Trafikanalys, 2017)  

However, the causal relationship between built environment and travel behavior is not fully 

understood in the literature. It is not clear whether neighborhood design influences travel behavior 

or the other way around, that individuals with a certain travel pattern choose to live in a 

neighborhood where this behaviour is encouraged. Handy et al. (2005) finds that in the shorter run, 

differences in attitudes rather than neighborhood design explains the variation in travel behaviour. 

However, there are some indications that changes in built environment can affect travel behaviour 

in the long run.  

On a population level, different socio-economic characteristics are associated with different travel 

behavior. The travel patterns vary depending on age and employment; People in mid-life have other 

travel needs compared to schoolchildren or elderly and the travel behavior of full-time workers 

differs from the patterns of unemployed or students. The household size and composition, whether 

it is a single household or a family with children, will affect the need for travel and the required 

flexibility of the transport modes.  

Data from RVU Sweden reveals how the distance traveled vary between ages. Children, teenagers 

and people over 65 travel shorter distances compared to individuals between 25 and 64. The highest 

share of car use is found in the age group 55-64 years, while individuals between 15 and 24 years 

have the highest share of public transportation. (Trafikanalys, 2017)



 

 

 

Source: Own processing based on Trafikanalys (2017) 

Figure 7. Distance traveled (km) per person/day, by age 
and mode of transport, year 2015-2016 

 

Source: Own processing based on Trafikanalys (2017) 

Figure 8. Share of distance traveled (%), by age and 
mode of transport, year 2015-2016  

Turning to mode shares for women and men, it is clear that men travel longer distances by car than 

women, while women travel longer by public transport compared to men. (Trafikanalys, 2017) 

Closely related to travel behavior and connected 

to both socio-economy and built environment is 

the car ownership. The incentives for owning a 

car depend on both the costs and benefits of car 

ownership. Among the costs are fuel, 

maintenance and parking fees while flexibility 

and possible time savings can be found among 

the benefits. Clark et al. (2016) summarizes 

three important determinants of car ownership. 

These are the so-called household life-cycle 

effect, state dependence and association with life 

events. The household life-cycle effects imply 

that the number of cars owned increases as the 

head of the household reaches the age 50 and 

thereafter declines. State dependence refers to 

the fact that household car ownership is stable 

most of the time. Finally, when a change in car 

ownership occurs, it is often associated with life 

events such as moving, having children or 

changing job.  

 
Source: Own processing based on Trafikanalys (2017) 

Figure 9. Distance traveled (km) per person/day, by sex and 
mode of transport, year 2015-2016 

Data from RVU Sweden reveals that household size is related to the car ownership. More than 50 

percent of the car-free households are single persons without children. Among the household with 

two or more vehicles, more than 50 percent are instead two cohabiting persons with children. 

(Trafikanalys, 2017) Also, on average, men own a car to a higher degree compared to women. (SCB, 

2018) 

The purpose of a trip can also affect the mode choice. For example, the size of the group that is 

travelling together can affect the cost of different modes. The need for space for luggage can also 

determine which mode that is preferable. The trip purpose can also determine the flexibility of 

departure time. Work-related trips tend to be concentrated to morning and afternoon peak-hours, 

meaning that congestion can affect the competitiveness for car in relation to other modes. At the 
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same time can public transport become less attractive if the timetable does not fit with the desirable 

departure/arrival times. In Sweden, the highest share of public transport trips is found among 

business, work and study-related trips, while service and shopping trips have a higher share of car. 

(Trafikanalys, 2017) 

 

Source: Own processing based on Trafikanalys (2017) 

Figure 10. Share of individuals with different number of 
cars, by household type, year 2015-2016 

  

Source: Own processing based on Trafikanalys (2017) 

Figure 11. Share of journeys per year by main purpose 
and main mode of travel, year 2015–2016 

 Previous studies of car sharing 

During the last 20 years, two large projects targeting car sharing have been conducted under the 

European Commission. The first was the MOSES project 2001-2005, which aim was to “develop 

mobility services to reduce dependence on the private car on a European scale - without restricting 

mobility”. (European Commission, 2018a) As a part of this project Rydén and Morin (2005) 

explored the environmental impacts of car sharing including the impact on car ownership and mode 

choice. The analysis is based on a survey of car sharing users in Bremen, Germany and Brussels and 

Wallonia in Belgium. The survey results also provide insights into the socio-economic 

characteristics of the car sharing users in terms of age, gender, household type and education. 

The second project was the MOMO project (More Options for Energy Efficient Mobility through 

Car-Sharing) conducted between 2008 and 2011. (European Commission, 2018a) In the final report 

of this project, Loose (2010) describes the state of car sharing in 14 European countries at this time. 

The report contains a survey sent to 205 car sharing providers in Europe where about half of them 

have provided statistics about their users. Based on the survey results, the author describes the 

socio-economic characteristics of the car sharing users and summarizes the findings on effects of car 

sharing. 

In the report “Transport, energy and co2” published by the International Energy Agency (IEA) in 

2009, different aspects of the transport system are discussed from a sustainability point of view. Car 

sharing is here considered as a possible policy to achieve what is called a “blue shifts scenario”, 

where transport work is moved from private car to more environmentally friendly modes of 

transport. The report summarizes the main findings on the effects of car sharing on the transport 

system. (IEA/OECD, 2009) 

Stillwater et al. (2009) explores the relationship between car sharing and built environment, in 

particular public transit. The results of the study show an ambiguous relationship between the 

activity at car sharing locations and public transit access. 
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Sioui et al. (2012) compares the results of two surveys in the Montréal area: a web-based survey 

among car sharing users and a regional household travel survey. The authors find differences in 

modal split between the car sharing users and general population. 

Petersen et al. (2016) investigate how car sharing could be handled in car ownership models. The 

authors test two model versions. In the first, model of household car ownership is estimated with 

car sharing treated as an exogenous input, together with a separate model of car sharing 

membership. The second model is a more complex household mobility model where household car 

sharing and car ownership is estimated simultaneously.  

Kortum et al. (2016) have been analyzing a dataset containing 50 million movements of vehicles in 

free floating car sharing services from 38 operators in 23 cities in Europe and North America from 

the period 2011-2015. The data has been collected by InnoZ (Innovationszentrum für Mobilität und 

gesellschaftlichen Wandel) by using a web mining script.  

In one of the more recent studies Becker et al. (2017) analyses car sharing users in Basel, 

Switzerland, comparing a station-based with a newer free-floating system. The study is based on a 

survey of members of the two systems and a control group of driver license holders among a random 

sample of the local population. The results are presented in terms of descriptive statistics, showing 

differences between the two user groups but also against the control group. Through an ordered 

probit model with sample selection, the data is then further explored in order to determine the 

relationship between different factors and the use of car sharing services, defined as active 

membership and frequency of use. 

Finally, the French National Survey of Car Sharing (6t-bureau de recherche. 2017b) presents an 

extensive data collection on the characteristics of the car sharing users of the country.  

Car sharing and the built environment 

As stated in the previous section, the characteristics of the neighborhood have an impact on the 

travel behavior and car ownership. Consequently, built environment can have an effect on the 

incentives for joining a car sharing service. For example, poor parking facilities will affect the 

incentives for owning a car, making car sharing relatively more attractive.  

The survey in Loose (2010) show that around 80 percent of the car sharing customers live in the city 

center or neighbourhoods near the city center. Only 5 percent of the private customers live in 

peripheral neighbourhoods. The French National Survey on Car Sharing showed similar results. 81 

percent of the car sharing users live in the main city of the region or in other urban areas while 19 

percent live in a more peripheral area. (6t-bureau de recherche, 2017b) Kortum et al. (2016) show 

that residential density (persons per km2) has a positive relationship with the growth rate of daily 

bookings of car sharing services. Stillwater et al. (2009) find a significant positive relationship 

between light rail availability and car sharing demand. Petersen et al. (2016) finds that proximity to 

a car sharing lot has a positive relationship with car sharing membership.  

Car sharing and socio-economy 

Age 

Loose (2010) show that a majority of the car sharing customers are between the age of 26 and 49. It 

is also apparent that people below 26 and over 60 years old are underrepresented. Becker et al. 

(2017) estimated a negative relationship between age and active membership and use of car sharing 

services. Sioui et al. (2012) investigate the characteristics of the car sharing members of Montreal, 

Canada compared to the general population of the city and find that the age structure of the car 

sharing households is centered between 20 and 39 years old. Compared to the general population, 

teenagers and people over 40 are underrepresented within the car sharing households.  
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Gender 

All providers covered by the survey in Loose (2010) report a higher proportion of men than women 

among their users. Between 53 and 69 percent are men and 31 to 47 percent are women, depending 

on the provider. The more recent study from Basel (Becker et al., 2017) show that 70 percent (free-

floating system) and 60 percent (station-based system) of the members were men. The same 

number among the control group was 55 percent. Among French car sharing users, 54 percent were 

men and 46 percent women. (6t-bureau de recherche. 2017b)  

Size and composition of household 

Loose (2010) states that one- and two-person households are the most common among car sharing 

users and that an average from seven studies show a household size of just over two. This is in line 

with Sioui et al. (2012) where the average household size is found to be 2.3 among the whole 

population of Montreal while the average among the car sharing population is 2.1. An interesting 

observation is also that among the general population of Montreal, the percentage of households 

that do not own a car tends to decrease as the number of persons in the household increases. For car 

sharing households however, the large decrease of car-free households seems to happen when a 

household consists of more than four persons. In France, the average size of the car sharing 

household is 2.34, which is higher than the average household size in the country, 2.26. (6t-bureau 

de recherche. 2017b) 

Kortum et al. (2016) show that the number of persons per household has a negative relationship 

with the growth rate of daily bookings in a free-floating car sharing system. Becker et al. (2017) finds 

a positive relationship between the number of adults in the household and an active membership in 

a free-floating car sharing service. Petersen et al. (2006) finds that the presence of seniors in the 

household has a negative impact on car sharing membership.  

Income 

Becker et al. (2017) estimate a positive relationship between income and active membership and 

frequency of use of car sharing services. In the study of metropolitan Seattle, Petersen et al. (2016) 

find that income is a major predictor of car sharing membership and car ownership. Low-income 

households are found to be much more likely to be zero or one car households, while high income 

households are more likely to have two or more cars. The French National Survey of Car Sharing 

show that car sharing users in France have a higher income than average. (6t-bureau de recherche. 

2017b) 

Education 

Both Loose (2010) and Becker et al. (2017) find that car sharing customers has a higher formal 

education than the national averages. Becker et al. (2017) show that in Basel, 70 percent (free-

floating system) and 75 percent (station-based system) of the members respectively hold a 

university degree or equivalent, compared to 37 percent of the control group. The same study shows 

a positive relationship between being an active car sharing member and holding a university degree. 

Employment 

Becker et al. (2017) analyses several aspects of employment and finds that self-employed and 

students are over-represented among the station-based car sharing members. The same study show 

that a higher employment level reduces the probability of an active membership, but increase the 

likelihood if a higher frequency of use (for the station-based model). Only 3 percent of the car 

sharing members are retirees and being a retiree reduces the probability of having an active 

membership in station-based car sharing service.  

Petersen et al (2016) finds that the number of workers in the household has a positive relationship 

with car ownership. Sioui et al. (2012) conclude that the car sharing members are full-time workers 
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to a higher degree than the general population in Montreal (62% compared to 49%) and students to 

a lower degree (20% compared to 27%).  

To summarize, there are some socio-economic characteristics that are overrepresented among the 

car sharing users compared to the general population. They are to a larger degree male, younger, 

live in a two-person household, has a high income and high level of education. Finally, they live in 

an urban area. Petersen et al. (2016) gives an example of how these effects interact. In the study of 

Seattle metropolitan area, the highest car membership rate was found among the high-income 

urban population. This was also the group with lowest car ownership rate. The opposite was found 

among the low-income population in non-urban areas.  

Car sharing and car ownership 

The way that car sharing can affect car ownership is simply because it offers an alternative to a 

private car, or to the purchase of an additional car to the household. The car sharing users are a mix 

of car owners and non-car owners. (Åkerman and Nyblom, 2014) As described by Schreier et al. 

(2018), in their analysis of the impacts of car sharing in Bremen, the decision to not own a car or to 

refrain from buying one is a result of a complex process. The author states that “in this respect, it is 

unnecessary to determine whether car-sharing played a ‘very large,’ ‘large,’ or ‘relatively large’ role 

in the decision to no longer own a car, or whether it was ‘merely one factor’”. Despite this, during 

the last 30 years, researchers have put effort in estimating the impact of car membership on car 

ownership.  

Studies show that there is a higher probability of being a member of a car sharing service if a person 

does not own a car. Stated differently, there is a lower probability of owning a car if a person is a 

member of a car sharing service. (Loose, 2010) Hence, the causal relationship is not easy to 

quantify. However, the attempts that have been made are often studies based on survey results from 

car sharing users where they are asked questions about their travel behaviour before and after 

entering a car sharing service. This, in combination with information on whether they avoided 

buying a car due to the car sharing membership or whether the user got rid of a vehicle due to the 

membership makes is possible to estimate how many vehicles that theoretically was replaced by a 

car sharing vehicle. 

IEA (2009) states that car sharing services often are offered in areas where car-ownership level is 

already low. The reason is that car sharing requires the possibility to walk, bike or take public 

transport in order to reach the service. This is mainly the case for urban areas. Loose (2010) 

emphasizes the high pressure on parking in these areas, which could further lower the car 

ownership. 

  



 

 

A majority of the car sharing users do not 

own a car. Loose (2010) finds the rate of car-

free households to be between 52 and 84 

percent among the car sharing users. Becker 

et al. (2017) find that 73 percent of the free-

floating and 91 percent of the station-based 

members in Switzerland does not own a car, 

compared to 39 percent in the control group. 

Becker et al. (2017) find a significant positive 

relationship between being a car-free 

household and the frequency of use of car 

sharing services. Consistent with this, they 

find that the probability of an active 

membership is decreasing with an increasing 

number of cars in the household.  

 

Source: Own processing based on Becher et al. (2017) 

Figure 12. Car ownership (number of cars) among 
members by car sharing system 

The issue of so-called psychological ownership, can come into play when discussing car sharing and 

car ownership. This concept relates to the individuals' feelings that a target object is their own. A 

study by Paundra et al. (2017) indicates that depending on an individual's psychological ownership, 

instrumental car attributes of the car sharing vehicle (price, parking convenience and car type) play 

a different role in the willingness to choose a car sharing service. For people with low psychological 

ownership, these factors seem to play a larger part in the decision of choosing shared services. 

Car sharing and Vehicle Kilometers Traveled (VKT) 

The effect of car sharing on VKT differs depending on the car ownership. Those who did not own a 

car before joining car sharing tend to increase the car use when joining a car sharing service. The 

former car owners, who got rid of a car when starting car sharing, decrease the mileage. Those who 

still own a car do also decrease the distance driven, but to a lower extent. (IEA/OECD, 2009) 

A proposed mechanism behind the change in car use associated with car sharing membership is 

formulated by IEA (2009). When entering a car sharing service, the fixed cost associated with using 

car drop dramatically. The fixed cost is incorporated is in the time-based rates paid by the customer. 

When the one-time investment is avoided, car use gets available for more people. However, the 

incorporation of the fixed cost in the variable price will send “better” (more realistic) market signals 

to the user, which would lower the car use. However, for users that did not previously owned a car, 

or did not have any plans on buying a car, entering a car sharing service will increase the car use. 

Previous studies also show that the actual use of car sharing among the car sharing members 

decrease over time. One theory explaining this is that the cost awareness increases when the car 

sharing user get exposed for the actual cost of the individual journey. As a consequence, the users 

learn to make better use of the alternative modes, by for example discovering the advantages of 

public transport and bike for certain trips. Car sharing users might also learn to make journeys with 

multiple purposes instead of one trip for each purpose and also get better at borrowing a car from 

acquaintances when needed. (Loose, 2010) 

As in the case of car ownership, the change in Vehicle Kilometers Traveled (VKT) caused by car 

sharing is not directly measurable. One way to estimate the change is given by Shaheen and Martin 

(2016) and their study of car2go members in 5 American cities. They use information about the VKT 

of the private vehicles that the members owned at the time of the survey. The reductions of VKT 

associated with sold and suppressed personal vehicles are then compared with the members’ 



 

18 
 

amount of driving from the car sharing vehicles. The net difference is considered an estimate of the 

VKT change associated with the car sharing activity. 

Car sharing and trip purpose 

The general patterns of which modes that are used for different types of trips were discussed in the 

previous section. Turning to the use of car sharing for different purposes, it is interesting whether 

the same patterns are found for car sharing as was shown for private car. Schreier et al. (2018) finds 

that non-car sharing individuals use car to a higher degree for work/training (45 % of the trips) 

compared to shopping (42 %) and recreation/hobby (38 %). Car sharing users use car to a lower 

degree in general, but the share for shopping and hobby/recreation trips is higher (15 %) compared 

to work/training trips (9 %). Becker et al. (2017) compare the purposes for the trips of station-based 

and free-floating car sharing services. Here, it is apparent that the purposes differ between the two 

types of car sharing systems. Station-based car sharing is mainly used for leisure, goods transport 

and shopping while no almost no trips were made for commuting to work or education or for airport 

transfer. The results from the French National Survey on Car sharing reveal that shopping and 

purchases in the most common trip purpose (29 %), followed by visiting friends and family (24 %) 

and recreation (sport, culture, nature) (23 %). About 20 percent of the trips are made for work 

purposes. (6t-bureau de recherche, 2016) 

 Quantitative estimates of effects of car sharing  

Table 2 presents findings on the effect of car sharing on car ownership, Vehicle Kilometers Traveled 

(VKT) by car and Person Kilometers Traveled (PKT) by public transport. Three measures are 

considered: 

- Number of private vehicles reduced per shared vehicle 

- Change in VKT/year/user for car (percentage change in parenthesis) 

- Change in PKT/year/user for public transport (percentage change in parenthesis) 

Some of the empirical evidence of the effects of car sharing on car ownership VKT and mode choice 

go back to the 1990s and beginning of 2000s, such as Baum (1994), Steininger et al. (1996), 

Muheim and Reinhardt (1999), Meijkamp and Theunissen (1997), Lane (2005), Zipcar (2005), City 

Carshare (2004) and Rydén and Morin (2005). Among the more recent studies are BFE (2006) 

Myers and Cairns (2009), Martin and Shaheen (2010, 2016), Shaheen and Cohen (2013), Baptista et 

al. (2014), Klincevicius et al. (2014), Carplus (2017), 6t-bureau de recherche (2017b) and Schreier et 

al. (2018).  

There are some methodological issues to consider when analyzing these results. Some of the studies 

are based on data from customer surveys performed by the car sharing operator themselves. In 

these studies, there is often an incentive to emphasize the effects of changed travel behavior as a way 

to promote the business. Also, many of the older studies tends to target early adopters of car sharing 

services since many operators were still in start-up phase at this time. The characteristics of these 

users might differ from the general population. Because of this, the estimated effects might not be 

valid for the whole population. Namazu et al. (2018) found that early adopters tend to have more 

employed family members, own fewer cars and live in neighborhoods with better access to car 

sharing services compared to the so-called followers. Also, it is not certain that the behavioral 

changes and attitudes towards car sharing are the same today as they were 20 years ago.  

It is also important to note that most of the studies are based on car sharing users own perceived 

behaviour (stated preference), in contrast to studies which are based on the actual behaviour of 

individuals (revealed preference). Answers to questions such as “would you have bought a car if you 

did not join a car sharing service?” can be subject to bias in any direction.  
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Table 2. Quantitative estimates of effects of car sharing 

 

Country/city Providers Car ownership

Car: 

Vehicle 

Kilometers 

Travelled

Public 

transport: 

Person 

Kilometers 

Travelled 

Reference 

year Source

Private vehicles 

reduced per 

shared vehicle

Change in 

km/year/ 

user (%)

Change in 

km/year/ 

user (%)

Europe 

Netherlands

4 different 

"projects". 

Operators not 

stated. -2790 (-33) 1996

Meijkamp and Theunissen, 

1997 

Switzerland Mobility -1500 (-36)* 2000** 1998 Muheim, 1998 

Switzerland Mobility (-26) (-12) 2000 BFE, 2006 

Germany: Berlin

Stadtauto (today 

part of Cambio) -4572 (-52) 1500** 1994 Baum and perch, 1994 

Germany: 

Bremen

Stadtauto (today 

part of Cambio) -2618 (-32)* unknown Bremen, 2001 

Germany: 

Bremen Cambio 7-10 -3100 (-28) 1100 2004 Rydén and Morin, 2005 

Germany: 

Bremen

Cambio, Move 

about 16 2017 Schreier et al., 2018 

Belgum Cambio 4-6 -3000 (-45) 1100 2004 Rydén and Morin, 2005 

Austria

CS members in 

Austria (-46.8) 1994 Steininger et al., 1996 

Great Britain 4-5 operators

14/9 (existing/new 

costumers) 2008

Myers and Cairns, 2009 

(Carplus)

Great Britain 5 operators 10.5 917 2016/2017 Carplus, 2017

Portugal, Lisbon MobCarsharing 6 2011 Baptista et al., 2014 

France Several operators 5-10 2016

6t-bureau de recherche, 

2017b 

North America

North America 11 operators 9-13 2008 Martin and Shaheen, 2010

5 American 

cities Car2go 7-11

-222 to          

-1 240 (-11) 2014, 2015 Martin and Shaheen, 2016

Philadelphia PhillyCarShare 22,8 2003 Lane, 2005

41 American 

cities Zipcar 20 -4 227 (-80) 2005 Zipcar, 2005

San Fransisco City Carshare (-47)

2001, 2003, 

2005 City CarShare, 2005

Canada Zipcar 9-13 2008 Martin and Shaheen, 2010

Canada: Montreal Communauto Inc.

CS may have an 

influence on the no 

of cars/household, 

verification of the 

causal relationship 

is needed.

1998, 2003, 

2008 Klincevicius et al., 2014

Australia

Australia - 7-10 unknown Shaheen and Cohen, 2013
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Car sharing and car ownership 

Starting with car ownership, a common measure is how many private vehicles each shared vehicle 

replaces. Considering 12 studies, the estimates vary between 4 and 23 with an average of 11.3 

vehicles. Two studies, Zipcar (2005) and Lane (2005), the first targeting Zipcar users in North 

America and the second users of PhillyCarShare in Philadelphia, increase the average with estimates 

of 20 and 22.8 replaced vehicles respectively. Regarding the Zipcar study, there is no available 

information about methodology or response rate of the survey. Considering all studies except these 

two, the estimates do not seem to differ a lot between Europe, North America/Canada and 

Australia. The averages vary between 9 and 16, with an average of 9.4. One study, Martin and 

Shaheen (2010), also estimates the change in number of vehicles for North America and Canada and 

finds that car sharing membership is associated with a decrease of 0,26 (North America) and 0,18 

(Canada) vehicles per household. Loose (2010) finds a much lower rate of replacement for small 

providers (1.9 to 1) compared to large providers (7.3 to 1). 

Car sharing and Vehicle Kilometers Traveled (VKT) 

In terms of changes in VKT for car, all studies estimate a negative relationship between car sharing 

and VKT. The reduction varies between 222 to about 4 600 km/year/user. The percentage change in 

VKT is estimated between 28 and 80 percent. The highest estimate of 80 percent refers to the study 

of Zipcar mentioned above, why this result should be interpreted with care. It is also important to 

note the average VKT per driver might vary depending on the area in which the study has been 

made. For example, the study by Rydén and Morin (2005) showed that the average VKT before 

joining car sharing was 6 900 in Bremen and 9400 in Belgium. The same figures for the five 

American cities in Martin and Shaheen (2016) vary between 9 400 and 12 600 kilometers.  

Car sharing and mode choice 

As a part of the MOSES project, Rydén and Morin (2005) estimate the change in use of public 

transport in Bremen and Belgium and finds that car sharing is associated with an increase of public 

transport by 1 100 km/year/user. BFE (2006) show that the distance traveled by public transport 

increases by 12 percent with car sharing, while travelling with motorized vehicles decrease by 26 

percent.  

Becker et al. (2017) reports the perceived 

changes in mode use for station-based and free-

floating car sharing services. All car sharing 

users perceived a decrease in car use and among 

the station-based customers, the change was 22 

percent, while walking and the use of bus and 

train increased. Figure 13 shows the net change, 

meaning that some respondents perceived an 

increase in for example car use, but on average, 

the respondents experienced a decrease. 

Shaheen et al (2016) finds that a majority of the 

car sharing members in the study to not change 

their use of public transit due to the car sharing 

service. However, among those who change their 

behaviour, those reducing their public transit 

use outnumbers those who increase it. The same 

study finds that car sharing serves as a 

substitute for taxi for a majority of the members. 

 
Source: Own processing based on Becker et al. (2017) 

 
Figure 13. Perceived changes in use of different mode given 
their car-sharing membership 



 

 

Schreier et al. (2018) finds that about 75 percent of the trips previously made by car are made by 

public transport after joining car sharing. No shift from public transport trips to trips by car was 

observed. 

 Long term effects of car sharing 

Although not the main purpose of this report, it is important to say a few words about the long-term 

effect of car sharing. Åkerman and Nyblom (2014) presents possible upward spirals as a result of 

fewer privately owned cars/more car sharing users. One possible effect is that increased car sharing 

releases space that is no longer needed for private parking. This in turn enables a more densely built 

environment which could decrease the average distance to the nearest car sharing spot, as a 

consequence of the increase of potential users per unit of land. The increased access to car sharing 

vehicles will in turn affect the car sharing membership rates positively. Another possible effect is 

that, since car sharing membership has been proven to increase the average use of public transport, 

the higher demand would make it possible to increase the frequency of the public transport system. 

The space that was made available from less private parking could also be used to improve for bike 

and public transport modes, which in turn also can contribute to a higher public transport 

frequency. The increased supply of public transport will make it possible for more people to join car 

sharing.  

4. Theory and model 
This section gives a brief introduction to transport demand modelling and more specifically the 

four-step model. This is the theoretical foundation on which many transport models, including 

LuTrans, is built upon. The summary is based on the introduction of the model given by Hensher 

and Button (2008) in Handbook of Transport Modelling where no other source is mentioned. After 

this introduction, a description of the LuTrans model and its car sharing module is given. 

 Four-step-model 

Central to most transport models is the interaction between travel demand and supply, where the 

supply can be considered the network performance. The level of demand is dependent on the so 

called generalized cost of travel. This cost involves both the monetary aspect and the time required 

to travel. Modelling demand involves predicting people’s travel decisions, given this generalized cost 

of the alternatives. The travel decisions include choice of destination, mode, route and time of 

travel. The supply side is then a response to the demand in terms of volume of travel at different 

locations and points in time. de Dios Ortúzar and Willumsen (2011) point out that the nature of 

transport supply as a service makes it impossible to stock, meaning that supply has to meet demand 

at the specific point in time when it is needed. 

  

The four-step-model addresses the question of how many travel movements that will be made (trip 

generation), where will they go (trip distribution), by what mode the trips will be carried out (modal 

choice) and what route that will be taken (route choice/assignment). The steps of the model are 

illustrated in the figure below. 
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Source: Hensher and Button, 2008 
 

Figure 14. The four-step model  
 

The Activity System (A) is usually represented by socio-economic, demographic, and land use data 

defined for some level of spatial units, often denoted as zones. The Transportation System (T) is 

typically represented by a network defined by links and nodes. The aim of the model is, given the 

transportation and activity system, to estimate the flows on the network. This is done though four 

steps as described by Hensher and Button (2008). 

 

1. The purpose of the first step, trip generation, is to estimate the magnitude of travel in the study 

area for different trip purposes. Using the Activity system characteristics, the trip productions 

and trip attractions are generated. Trip productions (measured as for example daily trips per 

household) are estimated using variables such as car ownership and household income. These 

results can then be multiplied to the population of the zones. The trip attractions on the other 

hand, are often estimated using the number of workplaces in the zones. 

 

2. The trip distribution model is a destination choice model, generating a trip matrix/trip table for 

each trip purpose. From the trip table, the so-called OD matrices can be generated. This is done 

by adjusting the trip tables for the trip purposes with different factors depending on the time of 

the day, for example peak and off-peak. 

 

3. In the next step, specific trip tables for the different modes are created. The most common 

method for modelling the mode choice is using the nested logit model. This model calculates the 

probability of choosing different modes and usually includes a range of characteristics variables 

describing the trip and the trip-maker. The estimated mode shares are applied to the trip table 

in order to generate the number of trips per mode for each pair of origin and destination.  

 

4. In the last step, route choice, the equilibrium between supply (performance) and demand is 

calculated. The modal OD trip matrices are loaded on the network for the relevant mode. This is 

usually done using the user equilibrium criteria, where trips are made such as no traveler can 

obtain a shorter travel time by shifting to another path. 

  

 The LuTrans model 

The first version of the LuTrans transport model was developed in 2009 by a group of consultants at 

the company WSP. The model is a simplified version of the Swedish National Transport forecast 

model Sampers. Compared to Sampers, LuTrans does not calculate demand for different socio-
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economic groups. The simplification gives the model several advantages. It limits the input data 

needed and is faster to run, which makes it suitable for comparing different scenarios. LuTrans is 

used for analysis on the regional and local level. Separate versions of the model have been built for 

different regions.  

 

The purpose of the LuTrans model is to enable analyses of how different land use strategies affects 

traffic and to create data input in terms of accessibility measures to land use models. The software 

can also be used in an early planning stage to study demand and to perform capacity calculations. 

The output from the model is an estimation of the number of trips for all traffic zones broken down 

into five modes: car as driver, car as passenger, public transport, walking and bike. LuTrans is using 

Emme for generating route choices on the transport network. (WSP, 2016) Emme also enables 

geographical visualizations of the results. 

 

The Uppsala version of the model is calibrated with respect to mode choice and VKT for each trip 

purpose using the Uppsala Household Travel Survey of 2015. The behavior parameters determining 

the utility for each mode are estimated from The Swedish National Travel survey (RVU Sweden) of 

1994 for work trips and RVU Sweden 2005/2006 for the other trip purposes. (expert at WSP, 

interview, November 2018) 

Demand model 

The demand model in LuTrans is a nested logit model. The structure of the model is shown in the 

figure below. 

 
Source: Own processing based on WSP (2016) 
 

Figure 15. Structure of the nested logit model in LuTrans 

 

The general form of the utility function is given by  

 

𝐺𝐶𝑖𝑗
𝑘 = 𝑐𝑖𝑗

𝑘 + ln(𝑥𝑗) (1) 

 

where 𝐺𝐶𝑖𝑗
𝑘  is the generalized cost for going between zone 𝑖 and 𝑗 with mode 𝑘. 𝑥𝑗 are destination 

attraction variables. The utility functions are including different variables depending on the mode of 

transport. The generalized cost is calculated for each trip purpose and the included variables differ 

slightly between the purposes.  
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Car ownership and driving license models 

In order to model access to car, two car ownership models and two driving license models are a part 

of LuTrans. The first two models are estimated with respect to the household as the unit of analyses, 

while the last two refers to the individual.  

 

Car ownership 

This model estimates the probability of an individual having access to car in the household. The 

variables used are both related to the individual but also the district: Income (sqrt), population 

density, housing type (villa/apartment), sex, age (six age group variables), type of city (capital or 

not, regional center or not) and logsum difference for working trips with and without car. The 

estimated parameters show that housing type is the most important variable in determining car 

ownership. A high share of villas increases the probability of having access to car. The income 

parameter is an estimation of the square root of the values. The reason for this is that an increase in 

income effects the probability of having access to car to a higher degree at lower levels of income 

compared to higher levels.  

 

Number of cars 

This model estimates the probability of having one, two or three or more cars, given that there is a 

car in the household. The result from this model is used to calculate the number of driving licenses 

per car. The model includes the same variables as the car ownership model, but has a more detailed 

breakdown into age groups. As in the car ownership model, housing type is the most important 

determinant of the number of cars in a household.  

 

Number of licensed drivers 

This model estimates the probability of being a licensed driver. The following variables are included 

in the model: Income (sqrt), housing type, sex, age (four age group variables), Stockholm County 

(0/1), Uppsala County (0/1), Södermanlands County (0/1), Västmanlands County (0/1) and logsum 

difference for working trips with and without car. The housing type is important for the probability 

of having a driving license, but not as important as for the car ownership. However, sex and income 

has a larger impact on the probability of having a driving license than on household car ownership. 

 

Share of driver’s license holders 

This model estimates the probability of having a driving license, given that there is a car in the 

household. The following variables are included in the model: Income (sqrt), housing type 

(villa/apartment), gender (0/1), age (five age group variables), county (six county dummy variables) 

and logsum difference for working trips with and without car. Income is the most important 

variable to determine the share of driving license holders. (WSP, 2016) 
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 The Uppsala version of the model 

There are several versions of the LuTrans model, built for different areas in Sweden. The input data 

of each version is adapted to that specific region and the demand calculations are based on data 

from the Swedish National Travel Survey (RVU Sweden) covering that specific region. Also, the 

model takes into account the geographical characteristics of the area, both in terms of the 

transportation network and population, socio economy and land use/built environment.  

Figure 16 show how the population is distributed among the zones in Uppsala city. From this map is 

it clear that a rather high share of the zones lack population. These are for example industrial and 

agricultural areas, military air base and forests.  

 

Figure 16. Population (number of inhabitants) in the zones of Uppsala city 

From the figures below, it is clear that most zones in the center of the city contains mostly 

apartment buildings, while the villas are found in the outer areas. The car ownership follows this 

pattern, where the highest share of households that own a car are found outside the city center.  
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Figure 17. Housing types and car ownership in Uppsala city in the LuTrans model 

In the model, there is no information about the number of vehicles, but only driving license holders 

and car competition. The number of private vehicles is instead approximated by 

𝑉𝐸𝐻𝑖
𝑝𝑟𝑖𝑣𝑎𝑡𝑒

=
𝐷𝐿𝑖

𝐶𝐶𝑖
  where 𝐶𝐶𝑖 =

𝐷𝐿𝑖

𝑉𝐸𝐻
𝑖
𝑝𝑟𝑖𝑣𝑎𝑡𝑒 (2) 

 

Where car competition is defined as the number of driving licenses per vehicle. The figure below 

shows how this estimation of the private vehicles is distributed among the zones. The total number 

of private vehicles is estimated to 53 556.  

 

 
Figure 18. Private vehicles in the zones of Uppsala city 
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Output 

The output figures produced by the LuTrans Uppsala model are reported for each zone and are 

summarized below. 

● transport work (round trip), km 

● trip length and mode, km 

● number of trips per mode that begin in the zone 

● number of trips per mode that end in the zone 

● mode share for trips that start in the zone 

● mode share for trips that end in the zone. 

 

All of the estimates are calculated for 5 trips purposes: 

● work 

● other 

● school (education under age 18) 

● university (education over age 18) 

● shopping. 

 

 Car sharing in LuTrans 

The car sharing module was implemented in the Uppsala model in 2014. The module was used as a 

part of scenario planning, where car sharing together with other policy instruments were modelled 

to obtain a shift from car to other modes of transport. This objective has made the model target 

orientated, where the analysist chooses a certain decrease in car ownership, and the model generate 

the required level of car sharing use in terms of car sharing vehicles. In other words, the scenarios 

used with this model do not relate to the present state of car sharing vehicles/stations in Uppsala, 

but aim to model future scenarios with a considerably higher level of car sharing. The present model 

of car sharing represents a free-floating car sharing system (see 1.3). 

 

The car sharing module relies on the following assumptions: 

- Access to car sharing affects the car ownership rate and in some cases the car competition in 

a certain zone. In the model, both positive and negative effects of car sharing on car 

ownership and car competition are in place.  

- Access to car sharing is present in the densely built area of Uppsala (Uppsala tätort), hence 

the car sharing module gives no effect on car ownership or car competition for the sparsely 

populated areas of Uppsala. 

- The effect of car sharing is different depending on the trip purpose.  

 

In the model, the effects of car sharing on the transport system mainly goes through changes in car 

ownership. In other words, access to car sharing is assumed to affect the probability of owning a car. 

Owning a car or not affects the generalized cost of the car mode and the relative probability of 

choosing car before other modes of transport. The same goes for the car competition. 

 

Since the effect of car sharing on car ownership differs depending on the trip purpose, a separate car 

ownership is calculated for each trip purpose. This might not be fully intuitive since, in reality, an 

individual either is a car owner or not. However, this was chosen as a way to adjust the generalized 

cost for car in the utility calculations for the different trip purposes. The same is valid for car 
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competition. One can interpret it as experienced car ownership/competition for different type of 

trips.  

 
Table 3. Effects on car ownership and car competition for different trip purposes 

Trip purpose 
Car sharing module generates change in 

car ownership car competition 

Work x x 

University (education over age 18) x - 

School (education under age 18) - - 

Shopping x - 

Other x - 

 

Car ownership 

The figure below shows how car ownership is affected by access to car sharing in the model. When 

access in given to car sharing, private vehicles are assumed to be replaced by car sharing vehicles to 

a certain degree. This will lower the car ownership rate. However, considering that car sharing 

implies partly owning a car, or at least given access to car, this will again raise the car ownership 

rate.  

 
Source: WSP (2016) 

Figure 19. Change in car ownership when access is given to car sharing 

Equation 3 generates the car ownership in zone 𝑖 after the population is given access to car sharing. 

 

𝐶𝑂𝑖
1 = 𝐶𝑂𝑖

0(𝛼𝑖
𝑣𝑖𝑙𝑙𝑎𝐶𝑆𝑣𝑖𝑙𝑙𝑎 + (1 − 𝛼𝑖

𝑣𝑖𝑙𝑙𝑎)𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡)  (3) 

 

where 𝐶𝑂𝑖
0 is the car ownership in zone 𝑖 in the base scenario. 𝛼𝑖

𝑣𝑖𝑙𝑙𝑎 is the share of the population 

that lives in villas/houses in zone 𝑖. 𝐶𝑆𝑣𝑖𝑙𝑙𝑎 and 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡  is a factor between 0 and 1 by which the 

car ownership is changed because of the access to car sharing services for villa/houses and 

apartment housing respectively. Hence, equation 1 generates a decrease in car ownership depending 

on the housing type. 

 

Equation 4 then models the increase in car ownership, due to the access to car sharing services, 

generating the final car ownership. 
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𝐶𝑂𝑖
2 = 𝐶𝑂𝑖

1 + (
𝐷𝐿𝑖

𝑃𝑜𝑝𝑖
18+ − 𝐶𝑂𝑖

1) 𝐶𝑆𝑝
𝑢𝑠𝑒 (4) 

 

 

 

 

 

 

 

where 𝐷𝐿𝑖 is the number of driving licenses in zone 𝑖. 𝑃𝑜𝑝𝑖
18+ represents the population over the age 

18 in zone 𝑖. 𝐶𝑆𝑝
𝑢𝑠𝑒 is the share of the population that can use car sharing for trip purpose 𝑝, where  

𝑝 = 𝑤𝑜𝑟𝑘, 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦, 𝑠ℎ𝑜𝑝𝑝𝑖𝑛𝑔and 𝑜𝑡ℎ𝑒𝑟. Hence, equation 4 models the increase in the overall car 

ownership in zone 𝑖 for trip purpose 𝑝 due to the access of car sharing services for those who have a 

driving license but do not own a car, including individuals that got rid of their car due to car sharing. 

Car competition 

The car competition within a household is defined as the number of driving licenses per car. The car 

competition will increase with car sharing as the private vehicles are replaced, since the household 

members have to share fewer vehicles. However, access to car sharing services lower the 

competition, since cars become available through the shared fleet, but not to the same degree.  

 
Source: WSP (2016) 

Figure 20. Change in car competition when access is given to car sharing 

In the model, car competition is only affected for work trips. The reason for this is that a large share 

of the work trips is concentrated to a limited period in the morning and afternoon. Therefore, one 

can assume that there is a higher demand for car sharing vehicles at these points in time. For other 

trip purposes, such as shopping, the departure time is usually more flexible and spread out over the 

day, meaning that the effect on the car competition is limited. 

 

The car competition with access to car sharing services in then given by 

 

𝐶𝐶𝑖,𝑝=𝑤𝑜𝑟𝑘
1 =

𝐶𝐶𝑖,𝑝=𝑤𝑜𝑟𝑘
0

𝛼𝑖
𝑣𝑖𝑙𝑙𝑎(𝐶𝑆𝑣𝑖𝑙𝑙𝑎+(1−𝐶𝑆𝑣𝑖𝑙𝑙𝑎)𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛)+(1−𝛼𝑖

𝑣𝑖𝑙𝑙𝑎)(𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡+(1−𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡)𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛)
 (5) 

 

Where 𝐶𝐶𝑖,𝑝=𝑤𝑜𝑟𝑘
0  and 𝐶𝐶𝑖,𝑝=𝑤𝑜𝑟𝑘

1  is the original and new car competition in zone 𝑖. 𝛼𝑖
𝑣𝑖𝑙𝑙𝑎 is the share 

of the population that lives in villas/houses in zone 𝑖. 𝐶𝑆𝑣𝑖𝑙𝑙𝑎 and 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 is a factor by which the 

car ownership is changed because of the access to car sharing services. 𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛is the quota 

between one car sharing vehicle and the number of private vehicles it replaces. The denominator 

will generate a value smaller than 1, meaning that the new car competition in zone 𝑖 (𝐶𝐶𝑖,𝑝=𝑤𝑜𝑟𝑘
1 ) will 

Share of the population that 
have a driving license but do not 
own a car (including individuals 
that got rid of their car due to 
car sharing)

Share of driver’s 
license holders 
without car that can 
use car sharing for 
trip purpose p
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be higher than the original value (𝐶𝐶𝑖
0). 𝐶𝑆𝑣𝑖𝑙𝑙𝑎 and 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 represents a the factor by which the 

number of private vehicles decreases and (1 − 𝐶𝑆𝑣𝑖𝑙𝑙𝑎)𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛 and  

(1 − 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡)𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛  represents the increase in car sharing vehicles.  

Parameter values 

The car sharing module has been formulated in a way such that the analyst chooses a desired effect 

on the car ownership, and the model generate a scenario where this decrease is present. The user 

can then analyze the effects in terms of changes in for example mode choice, number of trips and 

Vehicle Kilometers Traveled (VKT). 

 

When developed, the car sharing module was tested for two different scenarios, here denoted as 

scenario 0 and scenario 2. Both scenarios referred to year 2050 with different levels of car sharing 

and a private car fleet of 110 000. Scenario 2 assumes a higher use of car sharing compared to 

scenario 0. In scenario 0, 10 percent of the private vehicles (11 000) were replaced, due to a car 

sharing fleet of 1 375 vehicles. In scenario 2, 25 percent of the private vehicles were replaced, 

meaning that 3 438 car sharing vehicles were added. However, when evaluating the performance of 

the present model in this report, the base scenario, referring to year 2015, is used for all scenarios, 

except for the different parameter values given by the table below. The vehicle fleet is estimated to 

53 556 vehicles in both scenarios, implying 669 car sharing vehicles in scenario 0 and 1674 car 

sharing vehicles in scenario 2.  

 
Table 4. Parameters in the car sharing module and parameter values for the different scenarios 

Parameter 

  Base 
scenario: 

No car 
sharing 

Scenario 
0: Car 

sharing, 
low level  

Scenario 
2: Car 

sharing, 
high level 

𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡  
Factor by which the car ownership rate is modified 
for population in apartments 

 
1 0.89 0.73 

𝐶𝑆𝑣𝑖𝑙𝑙𝑎  
Factor by which the car ownership rate is modified 
for population in villa/houses 

 
1 0.97 0.88 

𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛 
Quota between one car sharing vehicle and the 
number of private vehicles it replaces 

 
1 0.125 0.125 

𝐶𝑆𝑝=𝑤𝑜𝑟𝑘
𝑢𝑠𝑒  The share of the car free population that can use 

car sharing for work trips 

 
0 0.1 0.1 

𝐶𝑆𝑝=𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦
𝑢𝑠𝑒

 
The share of the car free population that can use 
car sharing for university trips 

 
0 0.1 0.1 

𝐶𝑆𝑝=𝑜𝑡ℎ𝑒𝑟
𝑢𝑠𝑒  The share of the car free population that can use 

sharing for other trips 

 
0 0.5 0.5 

𝐶𝑆𝑝=𝑠ℎ𝑜𝑝𝑝𝑖𝑛𝑔
𝑢𝑠𝑒  The share of the car free population that can use 

car sharing for shopping trips 

 
0 0.5 0.5 

 

In the car sharing model, the above parameter values are defined in order to obtain a certain 

decrease in car ownership. The parameters 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡  and 𝐶𝑆𝑣𝑖𝑙𝑙𝑎 are factors by which the car 

ownership is modified in order to reach certain final decrease in car ownership. The parameter 

𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛 has the value 0.125 in both scenarios. This value states that 1 car sharing vehicle is 

assumed to replace 8 private vehicles. The parameter values for 𝐶𝑆𝑝
𝑢𝑠𝑒 refers to the share of the car 

free population that can use car sharing for certain trips. It is assumed that a larger share of the 

population, 50 percent, can use car sharing for shopping and other trips, while 10 percent can use it 

for work and educational trips.  
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5. Reflection on the model formulation in relation to previous findings 
As concluded in the literature review, several factors seem to influence the tendency to take part in 

car sharing. What follows is a discussion about to what extent the LuTrans model formulation takes 

these factors into account.  

 Built environment 

In the model, the impact of car sharing is differentiated based on the built environment, captured in 

the parameters 𝐶𝑆𝑣𝑖𝑙𝑙𝑎 and 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡. The decrease in car ownership followed by access to car 

sharing is larger in areas with more apartment housing compared to neighborhoods with villas. 

Making this distinction between the neighborhood types is in line with previous findings, where car 

sharing is used more in more dense areas, meaning that the effect of car sharing on travel behavior 

can be assumed to be stronger in these areas. However, the model does not consider the actual 

positions of the car sharing stations, even though previous studies indicate that proximity to car 

sharing lots affects the use of car sharing in a station-based system. On the other hand, the model 

could as well relate to a free-floating car sharing system, where the positions of the vehicles change 

depending on where the users leave them. 

 Socio-economy 

Socio economy is captured in several parts of the model, but not specifically in the car sharing 

module. The car ownership and driving license models include the socio-economic variables sex, age 

and income. Some findings from the literature study are not directly captured by the model: The car 

sharing users are to a larger degree male, younger, live in a two-person household, has a high 

income and level of education. However, the value of some of these variables might be evenly 

distributed among the zones, for example the share of men and women. Other are not part of the 

input data to the LuTrans model, for example the number of individuals in the household. 

 

Also, when including the differentiation in built environment described above, one has to consider 

the possible correlations with socio-economic variables. For example, zones with a high share of 

villas will generate a smaller decrease in car ownership compared to zones with more apartment 

housing. The high-income individuals however, which are more likely to be car sharing users, might 

be found among the villa population. 

 Mode choice 

The utility function for car is dependent on the car competition, which in turn is affected by car 

sharing in the model. As the car competition increases, the probability of using car as the mode of 

transport changes. Car competition as such is not often mentioned in the literature, but it is central 

in a transport model such as LuTrans. Equation 5 leads to a net increase in car competition for work 

trips.  

 Car ownership 

As described in the previous chapter, there are two mechanisms in place affecting the car ownership 

in the model. The first generates a decrease in car ownership as a share of the car owners gets rid of 

their car as a consequence of joining car sharing. This effect is captured in equation 3 in the 

parameters 𝐶𝑆𝑣𝑖𝑙𝑙𝑎  and 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 . A decrease in car ownership is in line with previous research.  

 

However, the degree to which private vehicles are replaced by car sharing vehicles is given by the 

parameter𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛  but this parameter is not included in equation 3. Instead, for scenario 0, the 
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number of vehicles in apartment housing areas is reduced by 11 percent and by 3 percent in areas 

with villas (𝐶𝑆𝑣𝑖𝑙𝑙𝑎  and 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡  in table 4, scenario 0). In the LuTrans model, these factors are 

set by the analyst before running the model. By knowing the size of the vehicle fleet, one can count 

backwards to obtain the number of car sharing vehicles needed in order to replace that number of 

private vehicles. 

 

The second mechanism generates an increase in car ownership as a share of the car-free driving 

license holders get access to car sharing vehicles. This change is given by equation 4. The net change 

from these two mechanisms depends on the parameter values presented in table 4. Note that this 

increase is the same independent of the scenario. Even though the extent to which car sharing is 

used is higher in scenario 2 than scenario 0, this second effect will be the same. 

 

Important to note is that the change in car use in terms of number of trips and VKT due to car 

sharing is an effect that goes via the change in car ownership. Lowering the car ownership in a zone 

lowers the probability of using car as the mode of transport. 

 

𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛 is the parameter that gives the figure for how many private vehicles that are replaced 

by a car sharing vehicle. This parameter is set to 0.125, assuming that 1 car sharing vehicle is 

replacing 8 private vehicles. This number is within the rage of the findings of the previous studies, 

which lie between 4 and 23 vehicles with an average of 11.3. 

 

The model is formulated in way such that the analysist chooses a decrease in the number of the 

private vehicles. This will generate the size of the car sharing fleet needed to obtain this decrease, 

given the replacement rate given by 𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛.   

 Trip purpose 

Previous studies found that station based car sharing is mainly used for shopping and recreational 

trips. (Becker et al., 2015; 6t-bureau de recherche, 2017b). Based on this, one could question the 

present model formulation where the decrease in car ownership is larger for work and university 

trips than other type of trips. Analyzing the two effects separately, the decrease in car ownership is 

the same for all types of trips.  

Car owners that get rid of their car when entering car sharing did most likely not use their car at a 

daily basis, as would be the case for work trips. If they did, car sharing would in most cases not be a 

reasonable alternative in terms of cost. Therefore, the share of car sharing users who gave up their 

private car that was used for work trips, in order to make those trips with car sharing instead is 

probability small. Hence, the assumption that car sharing replaces private vehicles to the same 

degree independent of the purpose of the trips could be questioned.  

Turning to the increase in car ownership given by the access to the car sharing fleet, this effect 

differs between the trip purposes (determined by the values of 𝐶𝑆𝑝
𝑢𝑠𝑒). Here, the effect is smaller for 

work and university trips compared to all other trips. Since car sharing is mainly used for shopping 

and recreational trips, it seems likely that a smaller share finds car sharing an attractive choice for 

working and university trips, compared to other type of trips. However, the exact relationship 

between the different values of 𝐶𝑆𝑝
𝑢𝑠𝑒 is hard to evaluate, since no empirical evidence is available. 
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The lower car ownership for work and university trips are motivated by the lower experienced car 

ownership at the time of the day when a vehicle is needed, since these trips are clustered around the 

peak hours. For those considering car sharing for work trips, this might be true, but this share 

seems small based on previous findings. If car sharing with business customers was included in the 

model, one could assume another composition between work trips and other types of trips. 

However, when only households are included, the effect on work trips is probably small. Finally, 

school trips are unaffected by car sharing. Previous studies do not cover usage of car sharing for 

school trips, but since station-based car sharing rarely is used for commuting trips, this seems 

intuitive.  

6. Results using present model formulation and parameter values 
The results presented in this section are generated by the model using its present design. The figures 

are chosen such that some comparisons with the findings from the literature study is possible. The 

results are presented for the base scenario without car sharing, for scenario 0 and for scenario 2. 

The parameter values for these scenarios are found in chapter 4, table 4. 

 

 Car ownership 

The change in car ownership rate because of car sharing differs between the two scenarios and 

between the trip purposes. Recalling the two effects on car ownership described in chapter 4, the 

negative effect is dependent on the constants 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 and 𝐶𝑆𝑣𝑖𝑙𝑙𝑎 differentiating the effect 

between the different housing types. The positive effect instead depends on the number of driving 

licenses, the population size and the constants 𝐶𝑆𝑝
𝑢𝑠𝑒, describing the accessibility of car sharing for 

different trip purposes. 

 

Zones with a high share of population in villa/houses experience a smaller decrease in car 

ownership compared to zones with a high degree of the population in apartment buildings. 

However, as mentioned above, the increase in car ownership depends on the number of driving 

licenses, the population size and the constants 𝐶𝑆𝑝
𝑢𝑠𝑒. If there is none or a small population in the 

zone, there will be no or a small increase, leading to a larger decrease in car ownership in the end. 

The increase is the same independent of the scenario, since the population size, driving licenses or 

𝐶𝑆𝑝
𝑢𝑠𝑒 do not change between them. 

 

The figures below show how the car ownership differs per zone for comparing the base scenario 

without car sharing, with the two car sharing scenarios. For work trips, the car ownership in all 

zones is decreasing when access is given to car sharing in the model.  
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Figure 21. Car ownership rate per zone for work and university trips 

 

For service/shopping trips and trips with other purposes, the net effect on the car ownership is both 

positive and negative depending on the zone. Since the decrease is smaller for scenario 0, the net 

effect will be positive for a larger share of the zones in this scenario, compared to scenario 2. Despite 

this, the total effect on the car ownership will be negative for both scenarios. 

 

 

Figure 22. Car ownership rate per zone for shopping and other trips 
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The figures below show the spatial distribution of the changes in car ownership presented above. 

Orange and red indicates a decrease in car ownership rate.  

 

Figure 23. Change in car ownership for work trips and university trips 
 

For shopping/service trips and other trips, the zones that experience an increase in car ownership is 

mainly zones in the central part of Uppsala. In the less central parts, most zones experience a 

decrease in car ownership. 

 
Figure 24. Change in car ownership for shopping/service trips and other trips 
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 Vehicle Kilometers Traveled (VKT) 

Table 5 shows the estimated Vehicle Kilometers traveled (VKT) for car for the different scenarios.  

For the base scenario, LuTrans generated a VKT of 3 502 per driving license per year. The VKT is 

lower in the car sharing scenarios, 146 VKT lower in scenario 0 and 427 VKT lower in scenario 2. 

  
Table 5. Vehicle Kilometers Traveled (VKT) per year, original car sharing module 

 VKT 
VKT/driving 

license 
Change VKT,  

percent 
 

Without car sharing (base scenario) 400 520 000 3 502 -  

With car sharing, low level (scenario 0) 383 820 343    3 356 -4%  

With car sharing, high level (scenario 2) 351 748 281   3 076 -12%  

Source: LuTrans output 

 

The total change in VKT between the base scenario and scenario 0 and 2 is here considered the 

changes of the car sharing users. This means that the non-users are assumed to have the same VKT 

before and after car sharing has been introduced. By dividing this total change with the number of 

car sharing members, we obtain a decrease in VKT per user. 
 

Table 6. Estimated change in VKT per user per year, original car sharing module 

  

Scenario 0:  Scenario 2:  

Car sharing, low 
level 

Car sharing, high 
level 

Change in VKT from base scenario -16 705 657     -48 777 719     

Number of car sharing vehicles 669 1 674 

Number of car sharing users*         35 839            89 679     

Change in VKT/user -446 -554 

Percentage change in VKT/user -13% -12% 

*Calculated as car sharing vehicles times the present vehicle-membership-ratio (1500/28=53,6) 

 

Table 6 show a decrease of 446 VKT per user for scenario 0 and 554 VKT for scenario 2. This implies 

a decrease of 13 percent in scenario 0 and 12 percent in scenario 2, compared to the average VKT 

per driving license without car sharing. 

 

Recalling findings of the literature study, car sharing is associated with a decrease in VKT of 

between 11 and 47 percent per user/year (excluding the most extreme estimation of a decrease of 80 

percent). In absolute values, the change is estimated to between 222 and 4 600 VKT per user/year. 

 Mode choice 

Turing to the changes in mode choice when access is given to car sharing, the figure below shows the 

mode shares for car, public transport, walk and bike. Since the findings of the literature study are 

ambiguous results on effects of car sharing on other modes than car, it is not straight forward to 

evaluate these results in relation to previous findings.  

 

The model generates a decrease in the mode share for car, which is in line with previous findings. 

The mode share for public transport, walk and bike increases as the car share decrease. This effect is 

a result of the changed relative utility of the different modes, as the net decrease in car ownership 
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rate and increase of car competition (for work trips) changes for car when access is given to car 

sharing.  

 

 
Source: LuTrans output 

 
Figure 25. Mode share for trips starting in Uppsala City 

 

 Trip purpose 

Turning to the difference in mode share between the trip purposes, the model generate a decrease in 

the share of car for all types of trips except school trips which are unaffected by car sharing. 

 
Source: LuTrans output 

 
Figure 26. Mode share for car (driver and passenger) for different trip purposes 

 

Table 7 show how the number of trips per day with car (driver and passenger). The largest changes 

in percent is generated for work trips and university trips. These results follow the pattern of the 

changes in car ownership presented above. 
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Table 7. Number of trips per day by car for different trip purposes for scenario 0 and 2 

 Without car 
sharing 

Scenario 0:  
Car sharing, low level 

Scenario 2:  
Car sharing, high level 

Trip purpose No. of trips No. of trips Change, % No. of trips Change, % 

 Work trips  25 697 21 977 -14% 16 130 -37% 

 School  2 303 2 282 -1% 2 255 -2% 

 University  1 814 1 607 -11% 1 250 -31% 

 Service/shopping  12 039 11 448 -5% 9 446 -22% 

 Other  22 445 21 371 -5% 17 663 -21% 

Source: LuTrans output 

7. Alternative model formulation 
The present model is formulated in a way where the analyst chooses a certain decrease in car 

ownership and from that the model generates the number of car sharing vehicles needed in order to 

obtain that decrease. The aim of this modification is to use the number of car sharing vehicles as the 

starting point and from that estimate the effect. Also, the aim is to incorporate the distance to the 

car sharing vehicles in the model in order to distribute the effect spatially. This will give planners an 

even more useful tool when deciding where to accept/encourage new car sharing stations. 

 

Some basic assumptions are preserved form the original model: 

- The effect of car sharing goes through changes in car ownership. 

- There are both positive and negative effects of car sharing on car ownership. 

- 1 car sharing vehicle replaces 8 private vehicles. 

  

In the present model, the effect of car sharing on travel behavior depends on several factors, but is 

not differentiated with respect to the accessibility to car sharing vehicles. In practice, one can 

assume that individuals living far away from a car sharing station is less likely to become members 

of a car sharing service. It is the same principle that goes for public transport, where the distance to 

the bus or transit stop will affect the likelihood of using that mode.  

 

In order to determine the effect of car sharing depending on the distance, the principles of public 

transport planning have been used in combination with principles from car parking norms. The 

table below show that for areas with apartment buildings, the distance to public transport and car 

parking should be about 400-500 meters. For terrace housing and villas in densely built areas, the 

distance should be maximum 700-900 meters. 
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Table 8. Guidelines for distances to public transport stop/car parking (meters) 

Type of area 
Public 
transport 

Car parking 
norms 

Housing   400 

Apartment buildings 500 
 

Terrace housing 700 

Villas in densely built areas 900 

Workplaces   600-800 

High workplace density (=>1 workplace/25m2) 500  

Low workplace density (<1 workplace/25m2) 700 

Stores   200 
Sources: Norrköping Municipality (2011), Huddinge Municipality (2016), Stockholm Public  

Transport Administration (2017) 

 

 Accessibility to car sharing 

A simple approach to determine the accessibility to car sharing is to calculate the distance to the 

nearest car sharing station from each of the zones. In the figure below, this have been done using 

the bicycle network. This method can lead to both under- and overestimation of the distances. The 

overestimation can occur when it is possible to bike on a certain road, but the network lack that level 

of detail. However, since the distances are calculated between zones and not from the exact position 

of the car sharing station this can lead to an underestimation. 

 

 
Figure 27. Distance to car sharing stations 

 

What is also clear from the above figure, is that zones that are not located in the closest category (0-

500 meters) but further away, but has several stations on a medium distance will end up in a lower 

accessibility class compared to zones close to one station, but far away from the rest. 
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In order to take this issue into account, another method has been used to create an accessibility 

measure in terms of the weighted number of car sharing vehicles accessible, through the following 

steps: 

 

1. A distance matrix of the distances from each individual zone in Uppsala city to the zones with 

one or several car sharing stations is calculated using the bike network.  

 

2. The distances between the zones and the car sharing stations are divided into four categories: 

less than 500 meters, 501-900 meters, 901–2 000 meters and 2 001 meters and above. 

 

3. For each zone, the number of car sharing vehicles in the different distance categories are 

counted and are given a weight, where car sharing vehicles closer get a higher weight compared 

to car sharing vehicles further away. Car sharing vehicles with a distance of above 2 000 meters 

from a zone are assumed to not have any effect on car ownership in that zone. 

 
Table 9. Distance categories and weights for calculation of accessibility to car sharing 

Distance category Weight 

< 500 meters  1 

501-900 meters 0.5 

901-2000 meters 0.25 

>2000 meters 0 

 

The weighted number of car sharing vehicles accessible for zone 𝑖 is then given by 

 

𝐴𝑐𝑐_𝐶𝑆𝑖 = 𝑉𝐸𝐻𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔,<500𝑚

+ 0.5𝑉𝐸𝐻𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔,501−900𝑚

+ 0.25𝑉𝐸𝐻𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔,901−2000𝑚

(4) 

 

Where 𝑉𝐸𝐻𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔,<500𝑚

, 𝑉𝐸𝐻𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔,501−900𝑚

 and 𝑉𝐸𝐻𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔,901−2000𝑚

 are the number of car 

sharing vehicles that occur within the three different distances from the zone.  

 

 
Figure 28. Accessibility to car sharing 



 

41 
 

 Modelling the decrease in car ownership  

Based on this measure, the decrease in private vehicles due to car sharing is distributed among the 

zones with population. The total decrease in private vehicles is given by 

𝑉𝐸𝐻𝑝𝑟𝑖𝑣𝑎𝑡𝑒,1 − 𝑉𝐸𝐻𝑝𝑟𝑖𝑣𝑎𝑡𝑒,2 =
∑ 𝑉𝐸𝐻𝑖

𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔𝑛
𝑖=1

𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛
  (5) 

 

where 𝑉𝐸𝐻𝑝𝑟𝑖𝑣𝑎𝑡𝑒,1 is the number of private vehicles before car sharing and 𝑉𝐸𝐻𝑝𝑟𝑖𝑣𝑎𝑡𝑒,2 is the 
number of privates vehicle after car sharing. In this case, the total decrease is 244 private vehicles, 
generated by 28 car sharing vehicles, replacing 8 private vehicles each (𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛 = 0.125). The 

reduction of private vehicles is distributed among the zones based on the accessibility measure. 
 
The reduction of private vehicles in zone 𝑖 is then given by 
 

𝑉𝐸𝐻𝑖
𝑝𝑟𝑖𝑣𝑎𝑡𝑒,1

− 𝑉𝐸𝐻𝑖
𝑝𝑟𝑖𝑣𝑎𝑡𝑒,2

=
𝐴𝑐𝑐_𝐶𝑆𝑖

∑ 𝐴𝑐𝑐_𝐶𝑆𝑖
𝑛
𝑖=1

∗
∑ 𝑉𝐸𝐻𝑖

𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔𝑛
𝑖=1

𝐶𝑆𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛
 (6) 

  

where 𝑉𝐸𝐻𝑖
𝑝𝑟𝑖𝑣𝑎𝑡𝑒,1

− 𝑉𝐸𝐻𝑖
𝑝𝑟𝑖𝑣𝑎𝑡𝑒,2

 is the total number of replaced private vehicles in zone 𝑖. How the 

reduction is distributed is shown in the figure below. Please note that some zones are excluded from 

the analysis since there is no population. The reduction generated in these zones are distributed 

among the other zones.  

 

 
Figure 29. Reduction of private vehicles due to access to car sharing 

In some zones, where the number of private vehicles are few from the beginning, the model 

generates a decrease larger than the total amount of vehicles. There are marked with dots. In total, 

there are only 2 reduced vehicles that do not have a corresponding vehicle to remove. 

The factor by which the private vehicles are reduced, corresponding to 𝐶𝑆𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡  and 𝐶𝑆𝑣𝑖𝑙𝑙𝑎  in the 

original model (equation 3), is then given by 

𝐶𝑆𝑖 =
𝑉𝐸𝐻𝑖

𝑝𝑟𝑖𝑣𝑎𝑡𝑒,2

𝑉𝐸𝐻
𝑖
𝑝𝑟𝑖𝑣𝑎𝑡𝑒,1 (7) 
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The new car ownership, after the increase because of the access to car sharing. can then be defined 

as  

𝐶𝑂𝑖
1 = 𝐶𝑂𝑖

0 ∗ 𝐶𝑆𝑖 (8) 

 

 Modelling the increase in car ownership  

The aim is now to also connect the increase in car ownership following from access to car sharing to 

observable variables. Recalling equation 4, 𝐶𝑆𝑝
𝑢𝑠𝑒 is the share of car-free driving license holders, 

including those who gave up their private car because of car sharing, that can use car sharing for trip 

purpose p. In the original model, this share is determined by a constant set by the analysist. In order 

to relate this parameter to observable variables, we first ask ourselves who can use car sharing, and 

the simple answer is: the members. The total number of car sharing members in Uppsala is about 

1500. Unfortunately, there is no available information on where they are located. Instead, the 

distance-based accessibility measure is used to allocate the members between the zones, assuming 

that the they are distributed based on their access to car sharing. Given that, the increase in car 

ownership is modelled as follows. 

 

1. The total number of members (1 500) are distributed among the zones using the weighted 

number of car sharing vehicles accessible.  

 

𝑀𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔

= ∑ 𝑀𝑖
𝑛
𝑖 ∗

𝐴𝑐𝑐_𝐶𝑆𝑖

∑ 𝐴𝑐𝑐_𝐶𝑆𝑖
𝑛
𝑖=1

 (9) 

 

where 𝑀𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔

 is the number of car sharing members in zone 𝑖.  

 

The figure below shows how the members are distributed among the zones.  

 
Figure 30. Distribution of members of car sharing services among the zones of Uppsala city 

2. Having the estimated number of members per zone, the share of the population that can use car 

sharing (finds car sharing advantageous) is assumed to be the share of members in the 

population in each zone. This share represents the parameter 𝐶𝑆𝑝
𝑢𝑠𝑒 in the original model. In the 
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original model, the value of this parameter is different depending on the trip purpose. In this 

model it is not differentiated by trip purpose. This was decided based on the fact that no 

quantifiable information about the difference in car sharing usage depending on the trip 

purpose is available. Instead, the parameter is unique for each zone. The share of the members 

in zone 𝑖 that can use car sharing (finds car sharing advantageous) is given by 

 

𝐶𝑆𝑖
𝑢𝑠𝑒 =

𝑀𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔

𝑃𝑜𝑝𝑖
18+  (10) 

 

where 𝑀𝑖
𝑐𝑎𝑟𝑠ℎ𝑎𝑟𝑖𝑛𝑔

 is the number of members in zone 𝑖 and 𝑃𝑜𝑝𝑖
18+ is the population over 18 

years old in zone 𝑖. Figure 31 show how the values of 𝐶𝑆𝑖
𝑢𝑠𝑒 is distributed among the zones. In 

about half of the zones, the value of this parameter is zero. The figure to the right reveal that a 

majority of the population of Uppsala city live in those zones where the possibility to use car 

sharing is zero. 

 
Figure 31. Values of 𝐶𝑆𝑖

𝑢𝑠𝑒 in the distance-based model for the zones of Uppsala city by number of zones (left) and 

population (right) 

Recall equation 4 in the original model, which described the increase in car ownership when access 

is given to car sharing. The same formula is now used to calculate the final car ownership for each 

zone. The only difference is the 𝐶𝑆𝑖
𝑢𝑠𝑒 parameter now is estimated and unique for each zone. The 

final car ownership in the distance-based model is then given by 

𝐶𝑂𝑖
2 = 𝐶𝑂𝑖

1 + (
𝐷𝐿𝑖

𝑃𝑜𝑝𝑖
18+ − 𝐶𝑂𝑖

1) 𝐶𝑆𝑖
𝑢𝑠𝑒 (11)  

 

 

 

 

 

 

where 𝐷𝐿𝑖 is the number of driving licenses in zone 𝑖. 𝑃𝑜𝑝𝑖
18+ represents the population over the age 

18 in zone 𝑖. 𝐶𝑆𝑖
𝑢𝑠𝑒 is the share of the population that can use car sharing in zone 𝑖, here 

approximated as the share of the population over 18 years old that are members of car sharing. 

Share of the population that 
have a driving license but do not 
own a car (including individuals 
that got rid of their car due to 
car sharing)

Share of driver’s 
license holders 
without car that can 
use car sharing 
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8. Results using the alternative model formulation 
This section presents results generated by the distance-based model using the 2018 scenario 

including 28 car sharing vehicles and 1 500 car sharing members. The output is put in relation to 

the base scenario without car sharing, the same scenario that the results from the original model 

were compared against. 

 Car ownership  

The figure below shows the car ownership rate in the different zones in the distance based model, 

compared with the base scenario without car sharing. In a majority of the zones, there is no change. 

 

Figure 32. Car ownership rate per zone for the base scenario and the Uppsala 2018 scenario for the distance-based model 

Figure 33 show how these changes are distributed among the zones. Most zones affected by car 

sharing experience a small decrease in car ownership while fewer zones show an increase. Many of 

those are zones in which the whole population are considered members (see figure 30). 

 
Figure 33. Change in car ownership between the base scenario and the Uppsala 2018 scenario, distance-based module 
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 Vehicle Kilometers Traveled (VKT) 

The estimated VKT for the base scenario and scenario 2018 is presented in table 10 below. 

Table 10. Vehicle Kilometers Traveled (VKT) per year, distance-based car sharing module 

 VKT 
VKT/driving 

license 
Change VKT,  

percent 

Without car sharing (base scenario)  400 526 000      3 502     - 

With car sharing, scenario 2018  400 290 031  3 500     -0.06% 

Source: LuTrans output 

 

Table 11 shows the estimated change in VKT per car sharing users per year. The change is estimated 
to a decrease of 157 VKT, or 4 percent compared to the base scenario. 

Table 11. Estimated change in VKT per user per year, distance-based car sharing module 

  

 
Scenario car 
sharing 2018 

Change in VKT from base scenario -235 969 

Number of car sharing vehicles 28 

Number of car sharing users         1 500     

Change in VKT/user -157 

Percentage change in VKT/user -4% 

 Network effects 

Emme can be used to visualize changes in traffic flows (number of vehicles) during morning peak 

hour. The figure below shows the differences between the base scenario and the car sharing scenario 

using the distance based model. Green indicate a decrease in the number of vehicles while red 

indicates an increase.   
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Figure 34. Changes in vehicle flows during morning peak hour for distance-based model, 2018 scenario compared to base 
scenario without car sharing 

9. Discussion  

 Summary of findings 

Literature review 

From the literature study, with the aim to collect previous findings on the effect of car sharing on 

travel behaviour, the findings can be summarized as follows: There are some characteristics that are 

overrepresented among the car sharing users compared with the general population. They are to a 

larger degree male, younger, live in a two-person household, have a higher income and level of 

education and live in urban areas. Finally, there is a higher probability that they are car-free. The 

summary of quantitative measures of the effect of car sharing show that one car sharing vehicle 

replaces between 4 and 23 private vehicles, with an average of 11,3 vehicles over the included 

studies. The Vehicle Kilometers Traveled (VKT) by car sharing users are 11 to 47 percent lower 

compared to non-users. In absolute values, the VKT decreases between 222 and 4 600 VKT per 

user/year. The effect on the usage of other modes than car, in particular public transport, is 

ambiguous. There are few studies focusing on this question, and some studies indicate an increase 

in the use of public transport while others imply a decrease. 

Original model 

Apart from the literature study, the aim has been to evaluate the car sharing module in an existing 

transport model. The first output to be evaluated was the possible change in Vehicle Kilometres 

Traveled (VKT) by car. Since it is not possible to distinguish the VKT between the car sharing users 

from the non-users, the output from the model could not be compared directly with findings from 
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the literature. Instead, from the estimated change in VKT, the number of users needed to obtain that 

decrease was calculated, given the effect found in the literature. 

 

The change in VKT generated by the model implies a decrease of 446 VKT (-13 %) per user and year 

in scenario 0 and 554 VKT (-12%) for scenario 2. Both the estimates are in the lower boundary of the 

estimates found in previous research. The reasons for the low estimates could origin from an 

underestimation of the model. It could also depend on a general difference in driving behaviour 

between the study areas of previous research, and the Uppsala area.  

 

When it comes to the change in car ownership in the original model, the effect is differentiated 

based on built environment in line with previous findings. However, the model does not take socio-

economic factors into account. Also, the model does not fully take into account whether there is a 

population in the zone or not. In fact, the decrease in car ownership is higher in zones without 

population, since the increase only is performed for zones with a population. 

 

The increase given by equation 4 is supposed to reflect the access to car sharing vehicles for the part 

of the population that do not own a car. As equation 4 is formulated in the original model, it 

generates the same increase independent of the scenario, even though scenario 2 implies a higher 

use of car sharing than scenario 0. Instead, the model should preferably generate a larger increase 

in car ownership in a scenario where a higher number of car sharing vehicles are accessible. 

 

Since the previous findings of changes in mode choice due to car sharing do not point in the same 

direction, it is hard to evaluate the model from this aspect. However, since the trip generation in the 

model is unaffected by car sharing, but car sharing on average decreases the utility of using car 

mode, it is built in the model that these trips must be performed using other modes. Hence, the 

increase in use of public transport, bike and walk following from the introduction of car sharing is 

logical, given the four-step approach, but might lead to an overestimation for other modes in case 

car sharing leads to an overall decrease in travel.  

 

When it comes to the differentiation on trip purpose, the analysis focuses on the changes in car use 

for different type of trips. The effect on both car ownership and number of trips is largest for work 

and university trips, which is logical based on the formulation of the model. The decrease in car 

ownership given by equation 4 is the same independent of trip purpose, but the car competition is 

increased for work trips. The increase given by equation 4 is larger for shopping/service and other 

trips, following from the higher value of 𝐶𝑆𝑝=𝑠ℎ𝑜𝑝𝑝𝑖𝑛𝑔
𝑢𝑠𝑒  and 𝐶𝑆𝑝=𝑜𝑡ℎ𝑒𝑟

𝑢𝑠𝑒  compared to 𝐶𝑆𝑝=𝑤𝑜𝑟𝑘
𝑢𝑠𝑒  and 

𝐶𝑆𝑝=𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦
𝑢𝑠𝑒 . The larger negative effect on car ownership on work trips compared to other type of 

trips was discussed in section 5.5. Previous findings show that station-based car sharing, which is 

the car sharing system that is present in Uppsala, is mainly used for other type of trips than 

work/education, hence the present differentiation between trip purposes in the model could be 

questioned. The magnitude of the changes in the number of trips by car are larger than expected for 

work trips (-14% for scenario 0 and -37% for scenario 2). Since the car ownership decrease by 

maximum 10 percent (scenario 0) and 25 percent (scenario 2) respectively, the number of trips are 

not expected to decrease more than that.   
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Distance-based model 

Turing to the distance-based model, this was developed with the purpose to make it more useful for 

planning, both in capturing the effect of car sharing on the transport system and by using available 

information on car sharing stations, vehicles and members. This model relied on the assumption 

that the distance to the car sharing station determines the probability of becoming a member, and 

hence the effect of car sharing on car ownership. The weighted number of car sharing vehicles 

accessible was defined using the distance from each zone to the car sharing stations as the 

determinant of accessibility. Car sharing vehicles closer to the zone were given a higher weight than 

vehicles further away.  

 

The change in VKT generated by the distance-based model for the scenario relating to car sharing in 

2018 implies a decrease of 157 VKT (-4 %) per user and year. This estimate is below the lower limit 

of the estimates found in previous research which bounded from a decrease of 222 to 4 600 VKT or 

11 to 47 percent.  

 

In terms of change in car ownership, this model generated a different pattern compared to the 

original model. The magnitude of the change is not comparable since the models are estimated 

using different scenarios where the level of car sharing differs considerably.  

 

The way the distance-based model is formulated leads to certain relationships between variables 

determining the change in car ownership. Few private vehicles in relation to car sharing vehicles 

leads to a larger decrease in car ownership, everything else equal. A high number of members in 

relation to the population leads to a larger increase in car ownership. The number of members are in 

turn dependent on the accessibility to car sharing stations.  

 Comparison between the model formulations 

The distance based model lacks two of the properties that the original model has. It does not take 

built environment into account, at least not in terms of the share of different housing types. 

However, the car sharing stations are located in zones where the housing are mainly apartments, 

meaning that the effect on car ownership is mainly apparent in these type of areas (as in the original 

model). The distance based model does not differentiate between trip purposes – the effect of car 

sharing on car ownership is the same independent of type of trip. This is intuitive since, as already 

discussed, either a household owns a car or not, but it means that the model does not capture the 

fact that car sharing is not used to the same extent for all trip purposes. 

 Comparison between the model outputs 

Since the models are applied to different scenarios, i.e. different states of car sharing, the possibility 
to compare the outputs is limited. The two scenarios in the original model represent a state with 1 
375 and 3 438 car sharing vehicles in scenario 0 and 2 respectively. The distance-based model was 

instead applied to a scenario with 28 car sharing vehicles, representing the extent of car sharing of 
2018. A comparison between the models using the same assumptions about car sharing vehicles as 
in scenario 0 and 2 in the distance-based model would be interesting, but would require 

assumptions about where these stations/vehicles would be located.  

However, an output that could be compared is the change in VKT per user estimated by the two 
models. A comparison between table 6 and 11 reveal that the decrease per user is estimated higher 

using the original model (-446/-554 VKT) compared to the output from the distance based model (-
157 VKT). This can have several explanations, but one possible reason is that the zones in which the 
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car ownership is lowered in the 2018 scenario using the distance-based model already has low car 
ownership and car use before car sharing is introduced. This is not unlikely given that the zones 

with car sharing stations to a high degree is located in the central parts of the city. The original 
model generates a decrease in car ownership over whole Uppsala city (for work and university 

trips), including the zones with possible higher VKT in the less central parts. 

Comparing the effect on car ownership in the original model (Figure 21 and Figure 22) with the 
effect in the distance-based model (Figure 32) it is clear that the effect is concentrated to fewer 

zones in the distance-based model.  

 Future work 

In order to improve the distance-based model, there is a need for some additional data about the car 

sharing users: 

- Location – in which zones do they live? 

- Purposes of the car sharing trips  

- Possible changes in car ownership when entering car sharing 

The combined information on trip purpose and change in car ownership would enable a 

differentiation of the effect based on trip purpose.  

By having information on the location of the car sharing users in relation to the car sharing stations, 

an accessibility measure could be estimated based on this empirical data instead of, as no, by 

making assumptions about the effect for different distances. 

Another improvement could be performed by letting the car sharing stations be represented by 

nodes on the bike network, instead of only mapped to the closest zone centroid as in this version. 

That would have generated a more accurate estimate of the distance (and thereby accessibility) from 

the zones to that car sharing station. 

One could also question the foundation of the two models, where the effect of car sharing goes 

through changes in car ownership. This is gets apparent in the original model where different car 
ownership is generated depending on the trip purpose. Even though the possibility of using car can 
differ among the type of trips, a household either own car(s) or not. One could also question 

whether access to car sharing services implies an increase in car ownership, as it is modelled here. 

These issues lead to the question of whether car sharing could be modelled using another approach, 
for example as a part of the car ownership model or as a separate mode of transport. If car sharing 
was included in the car ownership model, car sharing membership would be an independent 

variable together will the other factors such as age, income and sex, determining the probability of 
having a car in the household. The other option would be to model car sharing as a separate mode of 
transport. In that case, a generalized cost function for car sharing would be defined, and the factors 
determining the utility of car sharing would have to be found. This would require further empirical 

evidence, for example through a travel survey with specific questions on car sharing. 
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