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What is the role of carsharing toward a more sustainable transport behavior?
Analysis of data from 80 major German cities

Daniel Goddeke, Konstantin Krauss, and Till Gnann

Fraunhofer Institute for Systems and Innovation Research IS, Karlsruhe, Germany

ABSTRACT

The supply of as well as the demand for carsharing has been increasing in recent years. Yet, these
dynamics and carsharing’s function as catalyzer toward a more sustainable transport behavior in
German cities are still not fully understood. For this reason, we analyze supply data for 80 large
cities in Germany regarding fleet numbers and supply densities. We combine this with analyses
about carsharing (non-) members by drawing on the datasets Mobility in Germany and the
German Mobility Panel. We find that carsharing members use walking, cycling, or public transport
1.4-1.5 times more often and motorized individual transport, respectively, less often than non-
members. Based on this, we build user groups regarding the people’s usage of the environmental
alliance (i.e., walk, bicycle, public transport). In the subsequent multinomial logistic regression ana-
lysis for the years 2013, 2015, and 2017, we find that both increasing carsharing supply and being
carsharing member are not effective measures to increase the share of walking, cycling, and public
transport. The availability of mobility tools, especially the number of cars in households, are more
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important predictors.

Introduction

Tremendous changes for urban mobility are to be expected
due to increasing population and the need to decrease green-
house gas emissions. The European population living in cities
is estimated to grow from 74% today up to 85% in 2050 (UN,
2019). This will increase the need for (new) transport options
and services. Furthermore, transportation accounts for 20% of
the total greenhouse gas emissions in Germany (Gniffke,
2020). However, in order to fulfill the climate targets, transport
emissions need to be decreased by at least two thirds by 2050
(EEA, 2018). Hence, there is a conflict of objectives: Fulfilling
the transport needs of a growing urban population while pro-
ducing significantly less emissions in future.

One potential solution to this conflict is what has been
termed “shared mobility” (Shaheen et al., 2020), based on
the umbrella term “sharing economy” (Botsman & Rogers,
2010; Hamari et al., 2016). Drawing on the potential benefits
of a “new culture of non-ownership” (Fromm et al., 2019),
people are enabled to overcome the drawbacks of permanent
ownership and, instead, have purposeful temporary access to
resources (Fromm et al.,, 2019). The resulting higher utiliza-
tion of resources denotes the sharing economy as one prom-
ising attempt toward a scalable sustainable business model
(Botsman & Rogers, 2010).

Carsharing is one example within the transport sector that
has been available for over 60years (Ampudia-Renuncio
et al.,, 2018) and is widely discussed in literature. By adding

another mode to the choice set of travelers, and hence mak-
ing their mobility behavior multimodal, carsharing is said to
be one solution to the problems of air pollution, congestion
and to achieve a reduction of private car ownership (Giesel &
Nobis, 2016; Mehdizadeh et al., 2019; Nobis, 2006; Rabbitt &
Ghosh, 2016). The operation scheme can be distinguished in
station-based (Ampudia-Renuncio et al., 2018; Becker et al,
2017a; Bogenberger et al., 2016; Lempert et al., 2019; Zoepf &
Keith, 2016), free-floating (Balac et al., 2019; Becker et al,
2017a; Molnar & Correia, 2019), and hybrid carsharing that
combines station-based and free-floating services (Rotaris
et al,, 2019). Within and across these operation schemes, cer-
tain dimensions are examined: Characteristics of the service
itself (Ampudia-Renuncio et al., 2018; Bogenberger et al.,
2016; Lempert et al., 2019; Zoepf & Keith, 2016), the usage of
the systems (Becker et al.,, 2017a; 2017b; Rotaris et al., 2019),
the users of the systems (Becker et al., 2017b; Burghard &
Diitschke, 2019; Minzel et al, 2019; Namazu et al, 2018),
and environmental impacts (Becker et al, 2017a; 2020;
Carroll et al., 2017; Clewlow, 2016; Dill et al., 2019; Namazu
& Dowlatabadi, 2018), amongst others.

Yet, investigating supply and demand effects and their
implications on overall mode-choice based on empirical data
across a larger period in Germany is still very rare.
Nevertheless, policymakers assume higher service-availability
as driving force for the demand of carsharing (de Lorimier
& El-Geneidy, 2013; Giesel & Nobis, 2016; Juschten
et al., 2019).
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Hence, in this article, we analyze carsharing supply in
German cities and its consequences toward the demand for
more environmentally friendly transport modes, that is, pub-
lic transport, cycling, and walking. In doing so, this article
aims at comparing demand and supply for carsharing. Since
this has not been performed before, we want to contribute
to a rarely discussed research topic that can be further
developed. In addition, policymakers could draw conclusions
from the early development of carsharing in large German
cities and adjust their political instruments for carsharing
based on our findings.

For this purpose, carsharing supply and respective mobil-
ity behavior is analyzed across 80 cities in Germany in 2013,
2015, and 2017. Therefore, we use supply data of carsharing
services (BCS, 2013, 2015, 2017) and mobility behavior data
from the German Mobility Panel (BMVI, 2020a). We apply
multinomial logistic regressions with a dependent variable
measuring the environmental friendliness of transport
demand in order to depict the different effects of
the factors.

In the remainder of this article, we first introduce the
data and methods applied (Section 2), followed by the litera-
ture analysis (Section 3) and the discussion (Section 4).
Conclusions (Section 5) with policy recommendations and
an outlook close this article.

Literature review

Carsharing is considered as an important element of the
sharing economy (Fromm et al.,, 2019; Miinzel et al., 2018)
and belongs to the “key areas of shared mobility” (Shaheen
et al., 2020). This change in mobility supply is accompanied
by and intertwined with a shift in mobility demand.
According to Kuhnimhof et al. (2012, 2013), many industri-
alized countries face a decline of the long-lasting increase in
car-centric transportation (“peak car”), which dominated the
second half of the 20th century. One of the most car-ori-
ented age groups in Germany, people between 18 and 29,
now turned into the opposite (Kuhnimhof et al, 2012;
2013). Existing research has identified several driving forces
for the decline in car orientation especially among the
younger population. These comprise multimodality, dimin-
ishing gender differences, a later start of the professional
career and family formation, limited financial capacities,
improved public transportation services, urbanization, and a
loss of status of the car (Kuhnimhof et al., 2012; van
Wee, 2015).

Previous studies on carsharing revealed young, high earn-
ing, and well-educated men as most incline to use carshar-
ing (e.g., Clewlow, 2016; Nehrke & Loose, 2018; Prieto et al,,
2017; Riegler et al., 2016). Riegler et al. (2016) found poten-
tial cost savings and extended possibilities as non-sociode-
mographic influencing factors. They further distinguished
station-based and free-floating carsharing and identified
rather instrumental motives (i.e., the utility as transport
mode itself) for station-based, while free-floating users show
rather emotional motives (e.g., driving pleasure).
Accessibility and availability of the vehicles play a major

role in evaluating carsharing for (potential) users (de
Lorimier & El-Geneidy, 2013; Giesel & Nobis, 2016;
Juschten et al, 2019; Riegler et al., 2016). Reasons, which
prevent people from using carsharing are more related to
the individual benefits of the privately owned car such as
independence or flexibility and partly driving pleasure, emo-
tional connection, and habitual use (Riegler et al., 2016).

Several effects regarding vehicles and behaviors result in
the potential of carsharing for sustainable mobility (Giesel &
Nobis, 2016). Due to a relatively new fleet, carsharing
vehicles have lower greenhouse gas (GHG) and noise emis-
sions as well as energy consumptions than the general fleet
of privately owned vehicles. Further, carsharing providers
integrate more and more electric vehicles into their fleets
which locally drive emission free. To this end, this occurs at
higher adoption rates than for the total vehicle fleet
(Clewlow, 2016; Giesel & Nobis, 2016). Yet, one of the
major positive effects is that for some users the possession
of a private car becomes obsolete. This in turn results in
fewer vehicle kilometers traveled by car (VKT) and often
the increased use of environmentally friendly transport
modes (e.g., Clewlow, 2016; de Lorimier & EIl-Geneidy,
2013; Giesel & Nobis, 2016).

Clewlow (2016) investigated the influence of carsharing
on sustainable travel behavior in the San Francisco Bay
Area. Results show that urban inhabitants, who are carshar-
ing members, possess significantly fewer vehicles than non-
members do (0.58 vs. 0.96 per household), whereas this
could not be found in areas that are more rural. Members
tend to display a multimodal behavior including the
enhanced use of public transit, walking, and cycling com-
pared to nonmembers. Regarding vehicle ownership, Riegler
et al. (2016) found similar results for Germany: While 80%
of German households own a vehicle, these are just 25%
among users of station-based and about half of free-floating
users. Giesel and Nobis (2016) compared the impacts of sta-
tion-based and free-floating carsharing in the two German
cities of Berlin and Munich (with Flinkster and DriveNow
being the respective carsharing providers). They identified
ubiquitous availability of carsharing vehicles as important
condition for car shedding. Shaheen et al. (2019) reviewed
existing studies on the impacts of carsharing. Apart from
several studies from North America, they also analyzed three
studies on station-based carsharing (Giesel & Nobis, 2016;
Lichtenberg & Hanel, 2007; Rydén & Morin, 2005) and two
studies on free-floating carsharing (Firnkorn & Miiller, 2011;
Giesel & Nobis, 2016) in Germany. Their aggregation shows
that for the German studies 14%-34% of users of station-
based carsharing sold their private car and 14%-27%
avoided the purchase of a new vehicle. Regarding free-float-
ing carsharing, these shares were 7% and 14%, respectively.
For one of the reviewed German investigations (station-
based), the reduction in VKT was 28%-45%. Yet, the users’
modal shifts were rather topic of the North American stud-
ies in this aggregation and not investigated in the reviewed
German or European studies. In short, the investigated
modal splits shifted in net terms toward cycling (in four
studies more people increased their bicycle usage, in one
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Figure 1. Cities investigated by number of inhabitants and classification as metropolis according to RegioStaR7 (BMVI, 2020c).

study more people decreased their bicycle usage, and in one
study both hold the balance) and walking (in all nine studies
more people increased than decreased walking). Against
this, public transit shows no clear direction (in four studies
more people increased, in five studies more people decreased
usage). Therefore, in general on a global level, most of the
literature published so far shows that both forms of carshar-
ing are mostly beneficial in terms of a modal shift toward
environmentally friendly mobility. Yet, station-based car-
sharing has a bigger impact due to lower levels of car own-
ership, respectively, higher ownership reduction of its users.
This derived from different usage groups and patterns
(Giesel and Nobis, 2016). Whereas station-based carsharing
attracts more users who do not own a private car, free-float-
ing carsharing is often seen as a supplemental aspect to
other modes of transportation, respectively, public transport
(Arndt et al., 2019; CIVITAS, 2016; Namazu & Dowlatabadi,
2018; Nehrke & Loose, 2018).

A recent study by Fromm et al. (2019) investigated free-
floating carsharing services in several major European met-
ropolises and found that it is beneficial in terms of vehicle
density in cities as well as GHG emissions. Regarding the
modal shift, there is no clear direction. More respondents
decreased their usage of public transport than increased,
whereas the majority reported no change. This suggests that
the investigated carsharing services are a comfortable alter-
native to public transit and—in general—are substituting
these modes rather than complementing. Concerning bicycle
use and walking, the effects are small, and the majority
reports no change in behavior. In terms of VKT, the study
estimated—depending on the city and scenario—a saving
from 10 up to 109 million km per year, which corresponds
to 55,000 up to 254,000 km per shared vehicle and year or
500 up to 6,700 km per user and year. Considering the two
German cities investigated in this study, Berlin and
Hamburg, it reveals that more respondents reduced their
usage of the bicycle than increased it whereas the vast

majority reported no changes. Regarding walking, both peo-
ple who reduced and those who increased walking make of
about 16% each, whereas about 68% report no change,
which holds for both cities. Concerning public transit, the
shares of people who decreased bus and urban rail usage are
at least three times higher than the shares of people who
increased their usage. The tendency is reversed with intercity
rail (share of people who increased intercity rail at least two
times higher than the share of those who decreased it).
Hereby, again the majority reports no changes. Yet, pertain-
ing to reduced VKT per shared vehicle, both German cities
are in the upper end of reductions for the conservative as
well as the optimistic scenario modeled by Fromm
et al. (2019).

Le Vine and Polak (2019) investigated the effects of free-
floating carsharing (DriveNow) in London and found that
about half of respondents use carsharing in combination
with other modes of transport, presumably as last-mile solu-
tion for public transit.

As the literature review points out, the function of car-
sharing in the overall transport behavior with respect to
other low-emission modes, shows beneficial tendencies on a
global level, which is dominated by studies conducted in
the US.

Yet, especially in Germany, the modal shifts induced by
the usage of carsharing is rather less investigated compared
to American studies (e.g., Shaheen et al., 2019) or the direc-
tion is rather unclear (e.g., Fromm et al., 2019). For this rea-
son, we analyze the mobility behavior of carsharing
members compared to nonmembers in this article. Based on
previous research reviewed above, which has shown that car-
sharing members possess less private vehicles and are more
multimodal, we assume that such a multimodal mobility
behavior reduces the modal share of the privately owned
car—mostly for the benefit of more environmentally friendly
modes such as cycling, walking, or public transit. However,
apart from this assumed effect, there are some limitations
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Table 1. User groups used as dependent variable categories.

Corresponding share of
environmentally friendly
modes (walking, cycling,

User groups public transit)

Group of sample 2013

Group of sample 2015 Group of sample 2017

Reference group First quartile (0%-25%)

Low eco Second quartile (25%-50%)
Medium eco Third quartile (50%-75%)
High eco Fourth quartile (75%-100%)

0%-22.5%
22.5%-55.1%
55.1%-91.5%
91.5%-100%

0%-13.2%
13.2%-45.9%
45.9%-87.1%
87.1%-100%

0%-15.5%
15.5%-48.3%
48.3%-85.9%
85.9%-100%

associated with this assumption. Multimodality might not
always imply a shift toward more environmentally friendly
modes. Indeed, it can induce an increase in car usage if the
private car is still regularly used and carsharing substitutes
some trips, which would otherwise had been made with
public transportation or by foot or bicycle. Moreover, this
assumption may be more suitable for cities with a good
infrastructure of public transportation or low urban sprawl,
which ensures good walkability and bicycle-friendliness.
Subsequently, we aim at investigating the driving forces
behind this multimodal and more environmentally friendly
behavior with special focus to the supply of carsharing—
whether it is the carsharing membership, its vehicle density
or rather other factors encompassing sociodemographic
characteristics, mobility tools, and city characteristics regard-
ing mobility.

Materials and methods
Data

The scope of the investigation are the 80 largest cities in
Germany with a population of at least 100,000 inhabitants
(as of Dec 31, 2018)—with Berlin being the largest with
3,644,826 and Cottbus the smallest with 100,219 inhabitants.
As Figure 1 shows, four cities have a population of more
than one million inhabitants, ten of 500,000-1,000,000
inhabitants, 26 of 200,000-500,000 inhabitants, and 40 have
a population of 100,000-200,000 inhabitants. According to
RegioStaR7, which is the regional statistical spatial typology
for mobility and transport research published by the Federal
Ministry of Transportation in Germany (BMVI, 2020c), all
cities with more than 500,000 inhabitants are classified as
metropolises. In total, 16 of the 80 investigated cities are
metropolises, while the other 64 are either regiopolises or
large cities (BMVI, 2020c).

For the demand-side, we use data from the surveys
“Mobility in Germany” (MiD) from 2017 and the “German
Mobility Panel” (MOP) from 2013, 2015, and 2017. The
MiD contains 316,361 respondents including their sociode-
mographic information and the modes of transportation
used (BMVI, 2020b). After filtering for respondents who
have reached the age of 18 (German adulthood) and who
live in the aforementioned cities, the sample entails 87,690
respondents.

The German Mobility Panel (MOP) is a mobility survey
that is carried out annually with about 1,000 households.
The movements of all persons in the household are collected
for one week. The data further contain information about
usage of transport modes as well as sociodemographic

characteristics. ~ All  German-speaking households in
Germany are eligible to take part in the survey. The sample
is designed to be population-representative in the recruit-
ment phase and controlled for the characteristics spatial
type, household type, and car ownership (further informa-
tion on the sampling procedure can be found in Kantar
TNS, 2018). It has been collected since 1994. In this article,
we focus on the years 2013, 2015, and 2017. Filtering for the
population over 18years in the 80 cities under investigation
results in sample sizes of 702 persons for 2013, 769 for
2015, and 876 for 2017, which are used for our analyses
(BMVI, 2020a). With both surveys (MiD and MOP), actual
sample sizes used for the conducted analyses may differ due
to the exclusion of respondents who did not specify their
answer or questions which only were asked to a subgroup.
The reason for this is that the large sample size of the MiD
is achieved through the combination of different survey
methods such as paper and pen interviews (PAPI), computer
assisted telephone interviews (CATI), and computer assisted
web interviews (CAWI). With proxy interviews, it is possible
that interviewees respond for other household members
(Nobis & Kohler, 2018). These different methods and inter-
view types result in slight differences in the questionnaire
design, so that the MiD has the peculiarity that not every
question is asked to every participant. Therefore, the sub-
samples of different questions can be of different sizes. In
the following analyses, the sample sizes are specified,
respectively. Both the MiD and the MOP contain informa-
tion whether the respondents are members of a carsharing
service or not.

Regarding the supply-side data, we draw on the results of
an investigation by the “Bundesverband Carsharing” (BCS)
that is a lobby organization of the German carsharing com-
panies. The BCS analyzes the total number of carsharing
vehicles—station-based and free-floating—and the density
per 1,000 inhabitants for German cities (BCS, 2019). We use
data for the years 2013, 2015, 2017, and 2019. Further data
on the cities” populations and municipal areas were gathered
from the Federal Statistical Office of Germany
(Destatis, 2019).

Methods

By comparing sociodemographic data, the equipment with
mobility resources, and the actual mobility behavior, a
deeper understanding of the user groups and possible
impacts on behavior is provided. To investigate factors influ-
encing mobility behavior and especially investigate the influ-
ence of the carsharing supply and its membership in
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Explaining variables

Description

Characteristics

Source

Sociodemographic characteristics

Age
Gender

Income

Education

Individual mobility resources
Driver's license
Number of cars in household

Public transit pass
Bicycle ownership
Carsharing membership
City/supply characteristics
Train stop

Bus stop

Tram stop

Subway stop

Urban railway stop

Carsharing supply density

Metropolis

Age of the respondent in years
Gender of the respondent as
dummy variable
Household income of the respondent,
reference group is the middle one
Educational background of
the respondent

Respondent owns a driver’s license

Numbers of privately owned cars
in household

Respondent owns a transit pass

Respondent owns a bicycle

Respondent is carsharing member

Train stop in walkable distance
Bus stop in walkable distance
Tram stop in walkable distance
Subway stop in walkable distance
Urban railway stop in
walkable distance
Number of carsharing cars per 1,000
inhabitants
City is classified as metropolis

Cardinally scaled variable
1 =male, 0 =female

Low < 2,000 , Middle > 2,000-<
4,000, High > 4,000

Low: main school or middle school
Middle:
Higher education entrance or
vocational training
High: University degree

1=yes, 0=no
Cardinally scaled variable

1=yes, 0=no
1=yes, 0=no
1=yes, 0=no

1=yes, 0=no
1=yes, 0=no
1=yes, 0=no
1=yes, 0=no
1=yes, 0=no

Cardinally scaled variable

1=yes, 0=no

BMVI (2020a)
BMVI (2020a)

BMVI (2020a)

BMVI (2020a)

BMVI (2020a)
BMVI (2020a)

BMVI (2020a)
BMVI (2020a)
BMVI (2020a)
BMVI (2020a)
(2020a)
BMVI (2020a)
BMVI (2020a)
BMVI (2020a)

BCS (2013, 2015, 2017)

BMVI (2020¢)

according to RegioStaR7

conjunction with other input variables, we generate four dis-
tinct groups of people in accordance to their transport
behavior. We do so by defining the groups based on their
modal share of trips undertaken by foot, bicycle, and public
transit. In doing so, we can assess the importance of the
environmentally friendly modes in the mobility choice set of
individuals. This offers four classes of traveler groups that
are based on the four quartiles of the share regarding the
mentioned modes. This categorical grouping is used as
dependent variable for the multinomial logistic regression.
The respective groups can be found in Table 1.

When comparing proportions, for example, the share of
respondents with a public transit season ticket, Fisher’s exact
test is applied. This test is used here, since it secures viable
results also with small sample sizes and little observations.
Further, exact tests are more appropriate when the data is
very imbalanced (Mehta & Patel, 1996), which occurs when
comparing carsharing members with nonmembers, which
outnumber the former by far.

The explaining variables used can be assigned to three
areas and are summarized in Table 2: Sociodemographic
characteristics, that is, age, gender, income, and education.
Individual mobility resources include the possession of a
driver’s license as well as a public transit pass, the number
of cars in the household, bicycle ownership, and the mem-
bership in a carsharing organization. Furthermore, supply
and city characteristics cover the city’s supply density with
carsharing vehicles, binary variables indicating the existence
of public transit stations within walking distance, and a bin-
ary variable indicating if the respective city is a metropolis
according to RegioStaR7 classification. The RegioStaR7 cat-
egorization integrates different settlement structures,
includes the central importance of cities and enables a

population distribution that is suitable for sampling (BMVI,
2020c¢). Here, due to the urban focus, we select all cities that
are metropolises (RegioStar7-71: e.g., Berlin or Hamburg),
or regiopolises or large cities (RegioStaR7-72: e.g., Karlsruhe
or Wiesbaden). Categorical input variables are encoded as
dummy variables with the middle category being the refer-
ence basis.

We analyze the influence of the variables depicted above
on the share of environmentally friendly modes by applying
multinomial logistic regression. Hence, we allow the depend-
ent variable to have more than two characteristics. This gen-
eralization of a logistic model was first developed by Cox
(1966) and three years later independently by Thiel
(Backhaus et al, 2018; Cramer, 2002). Finally, McFadden
(1973) linked the multinomial logit model to the theory of
discrete choice. The multinomial logistic regression function
for G output categories is defined as follows:

eozg+/i’g7xj+...+ ﬂG,x/

ng(x) = ZS 1eah+ﬁhjxj+.“+ﬂc,x; (g =L ..

with x; as independent variable, «, and o} as constant, and
Bgj» respectively, B, as coefficients. The coefficients are esti-
mated via Maximum-Likelihood, which means that the esti-
mated values for the parameters should maximize the
likelihood of the realized data (Backhaus et al., 2018).

In this article, the output categories of the dependent
variable are the four traveler groups (reference, low eco,
medium eco, high eco) depicted in Table 1. The independ-
ent variables are listed in Table 2. We estimate the models
using Python’s Statsmodels (Seabold & Perktold, 2010).
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Table 3. Five highest supply densities of station-based carsharing in 2019 (Data from 2013 and 2019).

Shared vehicles per 1,000 inhabitants 2019

Shared vehicles per km? 2019

City (2013 in brackets) City (2013 in brackets)
Karlsruhe 2.96 (1.93) Karlsruhe 5.35 (3.31)
Freiburg 1.59 (0.50) Freiburg 2.38 (0.98)
Heidelberg 1.04 (0) Munich 2.36 (1.94)
Darmstadt 0.89 (0) Stuttgart 2.01 (1.97)
Gottingen 0.88 (0) Frankfurt/Main 1.84 (1.43)

Results and discussion
Statistical analyses of data samples

Supply characteristics

Carsharing is widespread in large German cities. In 2019,
nearly all large German cities had at least one carsharing
provider (all cities except for Herne). The top five cities
regarding the supply density with station-based carsharing,
presented in Table 3, are dominated by rather small cities
with large universities. On the other hand, the large German
metropolises dominate the top five ranking regarding the
free-floating carsharing supply density, which is depicted in
Table 4. Regarding the supply density, Karlsruhe and
Freiburg achieve the highest values for both per 1,000 inhab-
itants and per km? Hence, these cities outperform metro-
polises such as Munich that comes third in terms of vehicle
density per km?. Especially for the density per 1,000 inhabi-
tants, it is the larger cities or regiopolises that offer a high
supply and not the metropolises.

Absolute fleet sizes—when station-based and free-floating
are considered jointly—range from cities with one shared
car such as Moers, Bottrop, and Remscheid up to 5,814
vehicles in Berlin. Split into station-based and free-floating,
the fleet sizes range from one in the three cities just men-
tioned to 927 in Karlsruhe for station-based and from two
in Neuss up to 5,200 in Berlin for free-floating. In general,
it can be observed that free-floating carsharing is offered in
24 cities, whereof most are larger ones. There is no city,
which has free-floating carsharing but does not have station-
based carsharing. Comparing the fleet sizes of the different
types, it turns out that the four cities with more than a mil-
lion inhabitants—Berlin, Hamburg, Munich, Cologne—have
a large imbalance in favor of the free-floating fleet (e.g.,
Berlin with 624 station-based and 5,200 free-floating
vehicles). Apart from those four cities plus Diisseldorf and
Stuttgart, in all other cities the ratio is reversed. This repre-
sents a tendency, which is in line with the findings of
Miinzel et al. (2018) that many grassroot carsharing opera-
tors professionalized their services and pivoted from non-
profit to for-profit organizations. This affected mostly mid-
sized to larger cities. Against this, free-floating carsharing
organizations are often backed by companies from related
industries and are not organically grown as the aforemen-
tioned. Yet, they were established more recent and their
operators tend to target larger cities.

Since 2013, the supply of vehicles for carsharing has faced
significant growth. Figure 2 depicts the development of the
total carsharing fleet of the investigated cities (2013 only cit-
ies with more than 200,000 inhabitants are considered). The
aggregated carsharing fleet rose from 10,692 vehicles in

2013, to 13,524 in 2015, to 15,693 in 2017, and eventually
up to 22,920 in 2019. This corresponds to growth rates of
23.4% from 2013 to 2015, 16.0% from 2015 to 2017, and
46.1% from 2017 to 2019. However, the growth rate from
2013 to 2015 is to be interpreted with care due to the
smaller number of cities in 2013. Whether this growth is
due to expanded geographical coverage or the deployment
of more vehicles in the unchanged area, is not investigated
by the BCS. Yet, as population density of the catchment
area is one primary success factor for the implementation of
carsharing services (Arndt et al., 2019; CIVITAS, 2016) car-
sharing usually starts in the city center. Subsequently, due to
network externalities, which are inherent in the carsharing
market (Mtinzel et al., 2018) it is important for operators to
increase their fleet to attract more customers.

Comparing the two types of carsharing, growth rates of
free-floating carsharing are distinctly higher than those of
station-based carsharing. Some cities display growth rates
from 2013 to 2019 of more than 1,000% for the combined
consideration of station-based and free-floating, for instance
Augsburg (from 15 cars to 193) and Krefeld (from 2 cars to
24). Indeed, such high growth is realized rather in cities that
had not been fully exploited in 2013. In the majority of cit-
ies, the increase turns out to be more moderate. However,
looking at the city with the highest supply density Karlsruhe
(Table 3), the fleet growth from 2013 to 2019 is also about
76%. Whereas other cities which were already well served in
2013, such as Stuttgart, Cologne, and Dusseldorf showed
lower growth ranging from 4.7% to 29.3%, Munich and
Berlin had a growth of 160.7% and 100.9% respectively.
Since 2013, only six cities showed a decline in available car-
sharing vehicles: Braunschweig, Dortmund, Duisburg, Essen,
Gelsenkirchen, and Oberhausen.

Besides city- or provider-specific vehicle stocks and sup-
ply densities, the findings reveal some tendencies regarding
the services as well as city types in Germany. Station-based
carsharing seems to be the widespread default mode of car-
sharing while free-floating is likely to be an extension for a
few metropolises. This comes along with large fleet sizes in
the respective metropolises, so that free-floating has higher
fleet numbers to date (Figure 2).

User groups and mobility behavior

Looking at customers of carsharing services, in MiD 2017,
3,009 out of 43,761 respondents who received the question
on carsharing membership on individual level are members
of a single carsharing organization, 1,133 are members of
several organizations, and 39,619 are no member of any car-
sharing organization. This results in a carsharing member-
ship share of 9.5%. The MOP collects the carsharing
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Table 4. Five highest supply densities of free-floating carsharing in 2019 (Data from 2013 and 2019).

Shared vehicles per 1,000 inhabitants 2019

Shared vehicles per km? 2019

City (2013 in brackets) City (2013 in brackets)
Munich 1.63 (0.44) Munich 7.72 (1.93)
Berlin 1.43 (0.67) Berlin 5.84 (2.65)
Hamburg 1.40 (0.39) Hamburg 3.41 (0.93)
Diisseldorf 0.97 (0.16) Dusseldorf 2.76 (2.3)
Cologne 0.82 (0.69) Stuttgart 2.27 (2.17)

25.000

20.000

15.000

10.000

Fleet Size [vehicles]

5.000

2013

2015
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9.455

2017 2019

Year
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Figure 2. Total number of station-based and free-floating carsharing vehicles in Germany (own display based on BCS, 2013, 2015, 2017, 2019).

membership status since 2012 and the development shows a
double-stage trend. In 2012 and 2013, the share of respond-
ents who are members of a carsharing organization is about
2%, 3% in 2015 and 4.5% in 2017. As with the supply devel-
opments, it has to be noted that the temporal changes are
accompanied by changes in the sample sizes as well as actual
carsharing members. The very low absolute number of car-
sharing users in the first years of its inclusion in the MOP
may lead to a poor comparability.

The analysis of the MiD and MOP reveal significant dif-
ferences in the sociodemographic characteristics between
members and nonmembers of carsharing organizations.
Table 5 compares the key sociodemographic data of the two
groups. Fisher’s exact test is applied to determine whether
proportions in the respective groups differ significantly.
Analyzing the distribution of the age groups reveals that the
younger groups below 50 years are overrepresented with the
carsharing users whereas the older age groups are underre-
presented. The income distributions also reveal significant
differences: Whereas the lower income groups are underre-
presented in the members, the higher are overrepresented.
Regarding education, more than 70% of the carsharing
members have a university degree compared to 45% with
the nonmembers. In addition, the share of respondents with
higher education entrance is higher among carsharing mem-
bers while other educational backgrounds are less common.
A comparison of the residential situation reveals that

carsharing members live significantly more often in metro-
polises. With more than 80%, the vast majority lives in a
metropolis, whilst this share reaches barely 54% with non-
members. The differences between MiD and MOP are quite
substantial in the details but nevertheless show a common
picture: Carsharing members are younger, generate a higher
income, achieved higher education and tend to live in met-
ropolises. Therewith, the results join the ranks of several
previous studies—which are, however, often limited to car-
sharing in restricted geographical areas such as Clewlow
(2016), Giesel and Nobis (2016), Prieto et al. (2017) or
Nehrke and Loose (2018).

Table 6 depicts the distribution of transport modes across
all trips made of carsharing members as well as nonmem-
bers. Further, the significance of differences as results of
Fisher’s exact tests are depicted. Investigating the trip-based
modal split of the MiD revealed significant differences, too.
However, for both groups—carsharing members and non-
members—the motorized individual traffic (MIT) is the
most widely used means of transportation—but to a differ-
ent extent. Whereas the MIT dominates the modal split of
nonmembers with nearly half of all trips, it accounts for
only 30.9% of trips made by carsharing members. With a
share of 21.7% for public transit, 23.7% for foot, and 23.8%,
the environmentally friendly modes make up nearly 70% of
total trips conducted by carsharing members. Regarding the
nonmembers, these modes just account for around half of
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Table 5. Sociodemographic characteristics for the groups of carsharing members and nonmembers (Data from 2017).

Age
N (individuals) 18-25 y/o 26-35 y/o 36-50 y/o 51-60 y/o 61-70 y/o >70 y/o
MiD Members 4,142 6.6% 33.4% 36.6% 15.7% 6.3% 1.4%
Nonmembers 39,619 7.5% 13.3% 23.0% 20.9% 17.8% 17.5%
p value 0.015* 0.000%** 0.000%** 0.000%** 0.000*** 0.000%**
MOP  Members 39 7.7% 41.0% 23.1% 20.5% 5.1% 2.6%
Nonmembers 779 3.0% 9.1% 20.5% 27.1% 21.7% 18.6%
p value 0.122 0.000%** 0.415 0.240 0.006** 0.003**
Monthly household net income
N (households) <900 900-<2,000 2,000-<3,000 3,000-<4,000 4,000-<5,000 >5,000
MiD Members 3,717 1.0% 6.3% 17.2% 21.4% 18.8% 35.3%
Nonmembers 30,920 2.5% 13.6% 24.7% 22.0% 15.6% 21.5%
p-Value 0.000%** 0.000%** 0.000%** 0.187 0.000%** 0.000%**
MOP
Members 32 3.1% 9.4% 31.3% 18.8% 15.6% 21.9%
Nonmembers 543 6.1% 23.0% 24.5% 23.2% 10.9% 12.3%
p-Value 0.421 0.048* 0.253 0.369 0.278 0.103
Education’
N (individuals) No certificate Primary school Middle school Higher education entrance University degree
MiD Members 4,142 0.1% 1.3% 7.4% 17.6% 72.6%
Nonmembers 39,619 1.0% 11.8% 20.3% 19.8% 45.4%
p-Value 0.000%** 0.000%** 0.000%** 0.000%** 0.000***
MOP  Members 39 0.0% 5.1% 10.3% 15.4% 69.2%
Nonmembers 779 0.0% 16.9% 24.6% 16.0% 41.5%
p-Value - 0.032* 0.025%* 0.563 0.0077%%%*
Residence in RegioStaR7 Category Metropolis
N (individuals) Metropolises [71]
MiD Members 4,142 80.3
Nonmembers 39,619 53.6
p-Value 0.0007***
MOP Members 39 71.8
Nonmembers 779 56.1
p-Value 0.037*

Asterisks indicating significance: p < 0.001***, p < 0.01**, p < 0.05*.
TRemainder to 100% is “other/not specified”-category.

Table 6. Undertaken trips by carsharing members and nonmembers including distribution across transport modes (Data from 2017).

N (trips) By foot Bicycle MIT Public Transit
MiD Members 13,716 23.7% 23.8% 309 % 21.7 %
Nonmembers 116,990 23.0% 152 % 484 % 133 %
p-Value 0.0847 0.0000*** 0.0000*** 0.0000***
MOP Members 998 28.7% 244 % 234 % 232 %
Nonmembers 18,096 22.9% 13.0 % 49.2 % 147 %
p-Value 0.0000%** 0.0000%** 0.0000*** 0.0000***

Asterisks indicating significance: p < 0.001***, p < 0.01**, p < 0.05*. Remainder to 100% is “other/not specified”-category.

the trips. When comparing both groups, carsharing mem-
bers stand out with an almost equal split of modes ranging
only from 21.7% to 30.9%. Against this, the mode choices
for trips of nonmembers range from 13.3% to 48.4%.
Regarding the modal split, the results of the MOP are
also depicted in Table 6 and are comparable to those of the
MiD. Yet, the spreads between members and nonmembers
are even larger. Here, nearly 75% of trips of members are
made by foot, bicycle or using public transit. Within the
MOP data, the members’ equal usage of the different modes
becomes even more apparent—it ranges from 23.2 to 28.7%.
Against this, nonmembers display a more unbalanced mode
choice—ranging from 13.0 to 49.2% of trips.

Analysis of impact factors
The descriptive statistics analysis reveals that carsharing
members show a more frequent usage of environmentally

friendly transport modes such as the environmental alliance,
that is, cycling, public transportation, or walking. As next
step, we aim at identifying the driving factors of this obser-
vation and especially the role of carsharing and its influence.
The analysis is based on the MOP surveys of 2013, 2015,
and 2017, as supply data is available for these years. The
available MiD datasets did not allow analyses on the city-
level, therefore it is excluded in the following analysis.
Sample sizes are n =763 for the 2017 sample, n =688 for
the 2015 sample, and n =480 for 2013 sample. It must be
noted that the latter comprises only cities with more than
200,000 inhabitants. We estimate one multinomial logistic
regression per year with the configurations described in
Section 2.2. All models are significant and with McFadden’s
Pseudo-R? values of at least 0.29, the models all depict satis-
fying goodness of fit. Table 7 depicts the odds ratios for the
three years. Three groups, that is, low, medium, and high
eco-mode shares are shown whilst the fourth, the quartile
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2013 (n =480) 2015 (n = 688) 2017 (n=763)

Low eco Medium eco High eco Low eco Medium eco High eco Low eco Medium eco High eco
Group (% of sample) (22.5%-55.1%)  (55.1%-91.5%) (91.5%-100%) (13.2%-45.9%) (45.9%-87.1%) (87.1%-100%) (15.5%-48.3%) (48.3%-85.9%) (85.9%-100%)
Intercept 2.046 14.326 24.251 0.415 2.485 12.133 0.178 1.948 9.782
Sociodemographic data
Age 1.008 1.021 1.023 1.005 0.990 0.987 0.999 1.009 0.999
Male 0.874 0.611 0.573 1.103 0.769 0.644 1.001 0.678 0.658
Income low 1.073 1.087 1.939 0.775 0.861 1397 0.574 0.556 0.639
Income high 0.866 0.776 1.199 1.619 1.629 0.892 0.894 1339 1.730
Education low 0.541 0.396* 0.467 0.608 0.900 0.532 2.223% 1.062 1.593
Education high 0.649 0.660 0.633 0.654 1.005 0.764 2.169% 1.768 2.352
Mobility tools
Driver's license 0.761 0.082* 0.076* 0.882 0.540 0.207 1.224 0.094* 0.055
Number of cars in household 0. 648* 0.254%** 0.025%** 0.597*%* 0.227%%% 0.025%** 0.993 0.516%** 0.023***
Public transit pass 4.129%%* 18.727*** 13.669%** 6.529%** 24.525%F* 19.798%*** 2.567* 6.603%** 8.221%**
Bicycle ownership 2.500%* 1.921 3.384% 1.286 2.918%%* 5.553 %% 1.286 2.438%* 2.706**
Carsharing membership / / / / / / 2.727 2.753 1.085
City/Supply characteristics
Train stop 0.800 1.345 1.537 1.270 1.415 1.892 0.996 0.937 2.093*
Bus stop 0.598 0.821 0.847 3.186* 1.398 1.612 2.023 1.680 2.003
Tram stop 0.722 0.778 0.657 1.294 0.852 1.240 1378 1.099 2.292%
Subway stop 0.912 1.823 2.091 0.953 0.568 1.103 0.953 151 1.699
Urban railway stop 1.499 1.689 1518 1.937* 2.268** 2.115%F* 1.348 1.823* 1.807
Carsharing supply density 1.258 0.877 0.792 1.568* 2337 1.601 0.790 1.459 1.505

(1,000 inhab.)
Metropolis 0.814 0.672 0.792 0.523* 0.775 1.096 1.015 0.684 0.680
McFadden’s Pseudo-R*: 0.306 McFadden’s Pseudo-R*: 0.314 McFadden’s Pseudo-R*: 0.285
LL-null: —665.42 LL-null: —953.77 LL-null: —1057.74
LL: —461.65 LL: —654.67 LL: —755.69

LLR: 407.54%**

LLR: 589.20%** LLR: 604.09%**

Asterisks indicating significance: p < 0.001***, p <0.01**, p <0.05%; LL-null: Value of constant-only log-likelihood, LL: Log-likelihood of the model, LLR:

Likelihood-ratio Chi?-statistic.

LLR p-value: Chi*-probability of getting a log-likelihood statistics greater than LLR.

with the lowest share of eco-friendly transport modes, is the
reference category. The share of these three categories across
the sample is also shown.

In general, the results show that the mobility resources of an
individual have higher impacts than the individual’s sociodemo-
graphic profile or the supply or city characteristics. Regarding
sociodemographic variables, age has only very little influence,
whilst being male is associated with a lower probability of fall-
ing in groups with higher shares of eco-friendly modes.
Whereas in 2013 and 2015 belonging to the lower education
group leads to lower probabilities of using more environmen-
tally friendly modes, in 2017 this is inversed. The picture
regarding the higher education group looks similar.

For carsharing membership, the odds-ratios show quite
substantial numbers: 2.7 and 2.8 for the low and medium
eco-group in 2017. Thus, being a carsharing member
increases the probability to display sustainable mobility
behavior. However, these effects are not statistically signifi-
cant. Due to very few people being carsharing members in
2013 and 2015 (2013: 12, 2015: 22 people), data did not
allow us to include the variable into the respective models.
Consequently, although adding another transport mode to
the choice set and, hence, increasing the multimodal travel
behavior of people, being a carsharing member does not
necessarily lead to a higher usage of public transport or
active modes. On the other hand, holding a driver’s license
leads to lower probabilities to fall into classes with frequent
usage of eco-friendly modes, the number of cars of the
household regularly shows significant impacts. The more
cars in the household, the less likely it is that the respondent
shows high shares of eco-friendly modes.

The possession of a public transit season ticket is indeed
the most significant and strongest predictor; it is significant
for all groups in each year. Overall, its possession leads to
higher probabilities to fall into a group with a higher share
of eco-friendly modes. Yet, for 2013 and 2015 only to a cer-
tain extent, as the odds ratios are smaller for the highest cat-
egory compared to the second highest. Owning a bicycle
also leads to higher probability to display a behavior with a
higher share of eco-friendly modes, which is mostly
significant.

Supply density of carsharing per 1,000 inhabitants does
not have major impacts on the probability of people using
more eco-friendly modes. The odds-ratios differ between 0.8
and 2.3 and are significant for one group (low eco) in one
year (2015) only. Higher supply densities with carsharing
vehicles seem to have a rather negative impact on sustain-
able mobility behavior in 2013, while it is associated with
higher probabilities of being in a group with high shares of
eco-friendly modes in 2015 and 2017. The supply density
considering the area of the city in km?® was also tested and
delivered no different result. Thus, we find that increasing
the amount of vehicles, and hence the supply density, is not
a sufficient measure to enhance the eco-friendliness of trans-
port demand. It is hence also no measure to strengthen the
demand for active modes or public transport as one could
assume carsharing to play the role of the first-/last-mile con-
nection. However, public transport stops in walkable dis-
tance increase the probability of using eco-friendly transport
modes frequently.

Interestingly, the magnitude of the odds ratios differs
over time and across the different investigated public
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transport modes. Bus and tram stops in 2013 are not associ-
ated with higher probabilities to display a mobility behavior
with high shares of eco-friendly modes while these odds are
higher in 2015 and especially in 2017. Apart from that, train
stops, subway and urban railway stops show mostly increas-
ing odds for the higher groups, which means that living
within walkable distances around public transit stops
increases the probability to belong to groups with high
shares of eco-friendly transport modes. The influence of liv-
ing in a metropolis is also indistinct. In 2013, metropolitan
inhabitants have higher odds in the reference group.
Whereas in 2015, living in a metropolis is associated with
higher probability of being in the highest group, this cannot
be observed for 2017.

The regression analyses reveal mobility resources as
strongest and most significant predictors for mobility behav-
ior. Not surprisingly, the possession of a public transit sea-
son ticket and a bicycle increase the probability of
displaying a sustainable mobility behavior significantly.
Furthermore, many cars in the household and the possession
of a driver’s license decrease the probability. However, we
did not find significant effects of carsharing toward a more
environmentally friendly transport behavior, neither for the
supply nor for the demand.

For the supply-side, one could argue that the density of
carsharing vehicles is not relevant in absolute terms but has
to be higher than a certain threshold in order to become an
attractive alternative for travelers. As soon as people realize
there is “enough” supply, they might consider it an alterna-
tive. Increasing supply above this level would then have no
more effect. On the demand-side, simply being a member
might not be sufficient to actively influence the travel behav-
ior as this does not say in which pattern or regularity the
person uses carsharing. Maybe carsharing unfolds its poten-
tial and influence toward the overall (and more environmen-
tally friendly) travel demand as soon as people use it on a
regular basis and not before. As can be seen from the
regression results, the remaining mobility tools (car, bicycle
ownership and holding a transport pass) have substantial
impacts on the eco-friendliness of transport demand. This
might overlay the effects of carsharing and as it is usually
more accessible (even with high supply densities of carshar-
ing) determines the choice set of transport alternatives
more directly.

On a global scale, several studies analyzed the impacts of
carsharing with similar methods such as the ones we applied
in this study. For instance, Mishra et al. (2015) applied pro-
pensity score matching, which is based on a logit model, to
analyze effects of carsharing on vehicle holdings and travel
behavior in the San Francisco Bay Area. Similar to our find-
ings from the comparison of user groups, they find that
urban carsharing members display a more sustainable travel
behavior, which encompasses lower vehicle holdings and
higher use of walking, cycling, and public transit, than non-
members. Zhou et al. (2020) conducted a nested logit model,
which is related to the MNL model, to assess the impact of
carsharing on private vehicle holdings in major Australian
cities. Like the paper at hand, Zhou et al. (2020) also studied

the general public. Their analyses show, that carsharing
availability has no influence on respondents’ vehicle owner-
ship decisions. This in line with our findings, that carsharing
seems to have no or just very little impact on sustainable
travel behavior, especially when compared to mobility tools
or infrastructural factors regarding public transit. However,
studies using similar methods as those applied here found
support for carsharing itself as factor for sustainable travel
behavior. For example, Giesel and Nobis (2016) and
Namazu and Dowlatabadi (2018) both used binary logistic
regression to investigate factors influencing car ownership
with the focus on station-based and free-floating carsharing.
They found that carsharing leads to a reduction of private
car ownership and use and identified it as driving force for
sustainable mobility (Giesel & Nobis, 2016). Moreover, car-
sharing membership can also serve as predictor for shedding
a car (Namazu & Dowlatabadi, 2018).

Conclusions

This study analyzes supply and demand data in order to
investigate carsharing and its impacts for mobility behavior
and changes thereof. The data show that carsharing today is
a widespread mode in the urban transportation landscape in
Germany—with a grown number of cars and increasing sup-
ply as well as increasing user numbers on the demand side.
It can be shown that all major cities in Germany offer sta-
tion-based carsharing with the free-floating service being an
extension mainly in metropolises.

By using travel survey data comprising all major German
cities (MOP and MiD) to compare carsharing members with
nonmembers, this study is able to confirm—on national
level —previous studies which found remarkable differences
regarding sociodemographic profile and mobility behavior
on city or regional level. So, carsharing users tend to be
younger, better educated, more often male and inhabitants
of metropolises than on average. Furthermore, they use
environmentally friendly transport modes such as walking,
cycling, and public transit 1.4-1.5 times more often
than nonmembers.

We further investigate the influencing factors on sustain-
able mobility behavior by conducting multinomial logistic
regressions whereby particular focus is laid on the supply
density of carsharing vehicles of the individual’s residence
city and on the individual’s membership status and their
interaction with other variables. Those variables turn out to
be rather less influential and significant compared to (other)
mobility tools of the individual, such as public transit pass
holdings and corresponding infrastructure, bicycle owner-
ship, or number of cars in the household. Thus, solely
increasing the supply of carsharing in German cities is not
sufficient in terms of changing mobility patterns toward
more sustainable ones. Or, it has as least not been important
in the past. In addition, being member of a carsharing ser-
vice does not necessarily lead to a more multimodal travel
behavior, which in turn could decrease the carbon footprint
of the person’s travels. Despite the clear orientation toward
sustainable transportation of carsharing members, which we



showed in the comparative analyses, the membership status
has only very little influence (and not significant) in the
MNL model. Another unexpected outcome is the overall
low influence of the city and supply characteristics. Further,
the low influence of the city’s status as metropolis is surpris-
ing, especially when considering the often-postulated image
of metropolises being the starting point for a sustainable
development (e.g., 2thinknow, 2021; UN, 2013).

The sociodemographic and mobility tool preconditions
are more important in this regard. As shown in the analyses,
the number of privately owned cars is a much better pre-
dictor for sustainable transport behavior. We did not analyze
interaction effects of carsharing supply or membership in
this work, which could yield more detailed results for dis-
cussing the effects of carsharing on sustainable transport
behavior. One can argue that carsharing membership and
shedding of private vehicles is intercorrelated as well as car-
sharing supply and the overall transport infrastructure in
the city. Thus, there is room for further research decompos-
ing the main effects investigated here.

This work is limited to the extent of data used as well as
the explanatory variables integrated. Due to the missing dif-
ferentiation on the city level, we were not able to use the
larger MiD dataset for this analysis. Further research could
overcome this drawback by integrating more regionally spe-
cific data and match it accordingly. Due to the missing dif-
ferentiation of the MiD, the multinomial logistic regression
described above is conducted using the smaller MOP data-
set. Yet, the spatial perspective on the supply and demand
of carsharing in German cities requires more in-depth
research in order to understand according dynamics.
Additional research might conduct a similar analysis using
high-resolution spatial data on cell-level and compare
respective results between the cities or city categories (large
city and metropolis). Moreover, it might be valuable to fur-
ther integrate latent factors such as attitudes and modality
lifestyles into future analyses on a city-level.

In terms of policy recommendations, regulators should
accompany the strategy toward reducing emissions from trans-
port by measures aiming to reduce car ownership in the first
place. Since all cities studied offer carsharing, we argue that the
push needs to come via the demand-side by decreasing the pri-
vate car’s attractiveness without directly decreasing the demand
for carsharing services. One might think of parking fees or toll
roads excluding carsharing vehicles. Fuel pricing or bans of
vehicles in cities could also increase the demand for carsharing,
making supply densities more important. Future research is
needed to analyze the potential effects thereof. Moreover, the
infrastructure for cycling and public transport are key toward a
more sustainable transport behavior. Hence, these need to be
high up in the agenda for policy makers in order to enable the
urban population to actually use these modes in a safe and effi-
cient manner.
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