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a b s t r a c t

The number of carsharing cars and users is growing throughout the world. Although there is a compar-
atively small share in modal split, carsharing is becoming more important as a supplemental transport
mode, especially in metropolitan areas. This implies a need to further develop planning tools, so that this
‘‘new mode” can be considered in the planning process. This paper illustrates the integration of carshar-
ing in an agent-based travel demand model that simulates the travel behavior of the population in the
greater Stuttgart area for one week. Since it is the first time that carsharing usage is simulated for more
than one day, this model permits longitudinal analysis of the intensity and variability of carsharing usage.

� 2017 Hong Kong Society for Transportation Studies. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Carsharing as a mode of transport is gaining in importance. Par-
ticularly in metropolitan areas, carsharing is a growing market and
represents a non-negligible part of urban mobility. In Germany, the
number of carsharing users and the number of cars offered in shar-
ing systems has increased throughout the last years, and forecasts
show that this is an ongoing trend. Within the past year, for exam-
ple, station-based carsharing had an increase in customers of
60,000 (+18.8%), while free-floating carsharing had an increase in
customers of 223,000 (+51.0%) (Bundesverband CarSharing e.V,
2015). Clearly, the ‘‘new” transport mode carsharing has become
a component of many people’s daily travel routines.

In general, commercial carsharing is classified into two sys-
tems: station-based and free-floating. Station-based carsharing is
the traditional system in Germany. In this system, the cars are
located at fixed stations, and customers go to the stations to pick
up their cars. Afterwards, the cars have to be returned to the same
stations. Customers need to reserve their cars in advance. Station-
based carsharing providers usually offer different types of cars,
such as compacts, station wagons and vans. Free-floating systems
operate without stations. Instead, the cars are distributed within
a defined service area. Customers check the availability and loca-
tion of cars online via computer or smartphone. In free-floating
systems, reservations are not required. At the end of a ride, cus-

tomers can park their cars wherever they want within the service
area. Free-floating carsharing providers typically offer just one type
of car.

The dramatic success of free-floating carsharing during the last
years has been significantly driven by car manufacturers, who have
also invested in upcoming mobility-service companies, such as
moovel (Car-2-Go by Daimler) or Drive-Now (BMW), in order to
offer flexible transport mode options to trip makers and promote
their carsharing services. These mobility-service companies also
provide multimodal and intermodal information about trips with
all modes to improve customers’ mobility planning.

The growing usage of carsharing cars (Bundesverband
CarSharing e.V, 2015) and thus the changing travel behavior
(Katsev et al., 2001), especially in large cities, implies a need to fur-
ther develop planning tools, so that this ‘‘new mode” can be con-
sidered in the planning process. In this paper, we describe how
we integrate carsharing in the agent-based travel demand model
mobiTopp (Mallig et al., 2013), which simulates travel behavior
over a period of one week. To our knowledge, this is the first time
carsharing usage has been simulated with a transport planning tool
for more than one day, which therefore allows for longitudinal
analysis. However, since no data was available for estimating valid
model parameters, we did not use the model for forecasting yet.

This paper is a revised version of a paper presented at the 94th
TRB Annual Meeting (Heilig et al., 2015) and is structured as fol-
lows: First, we briefly introduce the related work. Second, we
describe the agent-based model mobiTopp. Third, we discuss the
implementation of the customer model, the modifications of the
mode choice model and the calibration processes. Finally, we show
the results and end with a short conclusion.
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2. Literature analysis

Since we model carsharing customers and their usage of car-
sharing services in a microscopic travel demand model, our analy-
sis of existing work focuses on two topics – estimating the number
and the travel demand of carsharing customers.

Research on carsharing customers is often related to studies on
the potential growth of carsharing. The main assertion is that the
demand for and the number of carsharing systems is growing
throughout the world. After the first commercial introduction in
the late 1980s in Switzerland, station-based carsharing services
arose in Germany (Nobis, 2006) and in North America (Shaheen
et al., 2009) at the beginning of the 1990s, followed by Japan and
Singapore (Barth et al., 2006) at the beginning of the millennium.
After the first free-floating system was introduced in Ulm, Ger-
many, in 2008, this innovative and more flexible form spread into
the market and made carsharing more attractive.

Within the last few years, Germany has recorded yearly growth
rates in carsharing members of more than ten percent. Currently
(in the year 2015), 1.04 million people are carsharing customers
of more than one hundred operators in Germany (7). Several stud-
ies on carsharing potential focus on the yearly car-mileage of users.
Petersen (1995) and Prettenthaler and Steininger (1999) determine
a break-even-point of yearly car-mileage, below which people are
willing to switch from owning a car to sharing a car. Schuster et al.
(2005) developed an economic model that describes costs as cen-
tral to the decision of owning or sharing a car and applied it to
the city of Baltimore, USA. Nobis (2006) estimated the potential
for carsharing customers at about 6% of licensed drivers living in
cities with more than 20,000 inhabitants in Germany, considering
both socio-demographic criteria and current travel behavior.

Despite increasing membership and utilization rates, research
in modeling carsharing is still in its early stages. Rodier and
Shaheen (2003) were probably the first to attempt to estimate
the demand for carsharing. However, the representation of car-
sharing in the mode choice of their four-step demand model was
very basic: Stations were located at transit hubs and employment
centers only, and the use of vehicles was restricted to direct links
between these hubs. This resulted in a high level of vehicle avail-
ability, but a low level of flexibility. Since every agent was able
to use carsharing, a customer model was not implemented. The
mode choice of travelers was mainly based on travel time and
costs.

In recent literature, the MATSIM community has incorporated
carsharing in a microscopic agent-based model. Ciari et al. (2009)
discuss several reasons why agent-based simulation is a good tool
to model carsharing: An agent-based model is not only suitable for
modeling rational choices, it is also suitable for describing the envi-
ronmental framework at high resolution. Ciari et al. (2011)
describe how the existing microscopic travel demand model MAT-
Sim was adapted to incorporate carsharing. Initially, they employ a
station-based carsharing system with a simple approach (no mem-
bership requirement, unlimited availability of cars, and no cost
considerations) using the existing car driver’s utility function for
carsharing and applying it to the simulation area of greater Zurich.
Their results show that the approach works, but needs further
extensions to produce reliable results.

Ciari and Weis (2013) were probably the first to take an agent-
based approach to model the choice of becoming a customer of a
carsharing provider, considering personal socio-demographic attri-
butes and the access to shared cars by using a binary logit model.
Ciari et al. (2014) enhanced the MATSIM framework, also by com-
bining the aforementioned extensions: both, station-based and
free-floating systems, are modeled, the capacities of the system
are taken into account, carsharing vehicles are physically simu-

lated, and specific components, such as time and cost for access,
egress and rental time of carsharing travel are defined. With this
model, which is applied to the Berlin area, it is possible to analyze
comprehensive information on travel demand in geographical as
well as in behavioral matters over the course of one day. This
model has also recently been applied to the Zurich area (Balac
et al., 2015).

The analysis revealed that carsharing is a hot topic becoming
more and more important for people’s everyday mobility, espe-
cially in urban areas. However, our analysis also shows that
research in the field of microscopic travel demand Modeling is still
at its beginning. In contrast to the existing approaches considering
only the travel demand of an average workday, our microscopic
simulation models the carsharing usage during one week. Hence,
by implementing carsharing in our model framework mobiTopp,
we are able to analyze the intensity and variability of carsharing
usage from a longitudinal perspective.

3. The Agent-based simulation mobiTopp

mobiTopp (Kagerbauer et al., 2015; Mallig et al., 2013) is a tra-
vel demand model based on the principle of agent-based simula-
tion (Bonabeau, 2002). In this model, each person in the planning
area is represented as a separate entity, a so-called agent. Each
agent has an activity schedule, consisting of activities of different
types (e.g., home, work, education, leisure, shopping), which are
executed during the simulation period of one week. Within the
simulation process, each agent decides where to execute each
activity and which mode to use to get to the chosen destination.
Each agent is modeled in the context of its household. Cars are
owned by households, not by individual agents, so that the actual
car availability for an agent in a multi-person household depends
on the behavior of the other household members. The temporal
resolution of the simulation is one minute; the spatial resolution
is based on zones.mobiTopp consists of two parts: a long-term
and a short-term model. In the long-term model, facts that are
stable over a longer period are simulated, for example, population,
car ownership, or long-term pass ownership for public transport. In
the short-termmodel, destination choice and mode choice are sim-
ulated for all agents in a chronological manner.

The essential step in the long-termmodel is the population syn-
thesis. It is based on the socio-demographic data of persons and
households on a zonal level and using a household travel survey.
For each household in the survey, a weight is calculated by an iter-
ative fitting procedure. It is similar to the approach used by Müller
and Axhausen (2011) to adjust the survey data to the zonal statis-
tics. The population is generated by randomly drawing the ade-
quate number of households from the weighted survey data. For
each household drawn from the survey, a corresponding simula-
tion household is created that inherits the attributes (e.g., house-
hold size, number of cars owned) from the survey household. For
each person in the survey household, an agent is created that
inherits the attributes (e.g., age, sex, employment) and the activity
schedule (only sequence of activities with start times and dura-
tions for each day) of the survey person. In the next step, fixed
locations for work and education activities are assigned, since the
locations for these types of activities usually don’t change during
a week. The location for home activities is already determined by
the zone for which the household was created. Ownership of
long-term passes for public transport is determined using a binary
logit model.

In the short-termmodel, the travel behavior of all agents is sim-
ulated simultaneously and chronologically based on their individ-
ual activity schedules. When an agent finishes an activity, it looks
for the next activity in activity schedule. The agent chooses a loca-
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