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ABSTRACT 45 

 Carsharing, in any form, is still growing around the world. One of the effects is that the number of 46 
cities where multiple carsharing operators are competing is increasing. It is safe to assume that the carsharing 47 
industry has not ever been as competitive as it is now. This likely make the present a very good time for 48 
researchers investing their efforts on providing tools for the assessment and planning of carsharing programs. 49 
Nevertheless, efforts in this direction are still very few, in particular for some of the newest form in which 50 
carsharing has been implemented, like free-floating carsharing. This paper reports on a study which made use of 51 
MATSim – an agent-based simulation software which was already used to model station-based carsharing in the 52 
past – to evaluate different carsharing scenarios for the city of Berlin, Germany.  The main findings are the 53 
existing high potential to further extend carsharing services in Berlin and the apparent complementarity of 54 
station-based and free-floating carsharing. On the methodological level the work introduces a new tool for the 55 
modeling of free-floating carsharing along with the improvement of the previously existing station-based 56 
carsharing model. 57 

Keywords: carsharing, free-floating, modal shift, multi-agent modeling, demand modeling  58 
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INTRODUCTION 59 

The basic idea of carsharing exists already more than 60 years: a fleet of cars can be shared by several 60 
users; they can drive a car when they need it, but they don’t need to own one (1). This basic concept though can 61 
be implemented in many ways and in the last few years several new business models came to the market. From 62 
an operational perspective free-floating carsharing is probably the most innovative. Free-floating can be seen as 63 
a particularly flexible form of one-way carsharing. There are no stations and users can pick-up and drop-off the 64 
vehicles freely within a predefined service area. This carsharing form hit the market only few years ago but has 65 
grown fast ever since. Free-floating is interesting because it removes the main limits of traditional carsharing: 66 
the need to reserve a car in advance and bring it back to the same station. This obviously restricts spontaneous 67 
travel and, most importantly, implies that the rental is concluded when the car is back at the original station. This 68 
has a huge impact on the type of activities which are typically carried out with traditional carsharing. Station-69 
based carsharing is usually associated with “short” activities because the time spent in activities is part of the 70 
rental and therefore need to be paid. Some operators offer flat rates for longer rentals, somewhat blurring the 71 
difference with traditional rentals, but this is mostly intended for multi-days rentals and the bulk of station-based 72 
carsharing use is nevertheless made of rentals of a few hours. Removing this obligation, free-floating carsharing 73 
can be used disregarding the length of the activity involved and might capture different customers. Going to 74 
work with carsharing might become normal. No need to pay while the car is parked during work, which is the 75 
main reason why station-based carsharing is not attractive for commuting. Clearly, this flexibility comes at a 76 
cost. From a customer perspective, free-floating carsharing implies no guarantee to find a car on the way to the 77 
next activity or back home. Thus, the use of this type of carsharing for activities like work depends on the 78 
likelihood finding a car on the way back or on the availability of a viable alternative. This latter observation, 79 
however, does not subtract to the revolutionary potential of free-floating carsharing. Indeed, it points to a rather 80 
important open question: in which terms increasingly large free-floating carsharing systems will be used and 81 
which impact will they have on the transportation system of a city as a whole?  The limited availability of 82 
empirical data – free-floating is still very “young” – is the main barrier for this kind of evaluations. Other 83 
methodologies, however, can help answering this kind of questions. In this paper an analysis based on agent-84 
based simulation is presented. The study, conducted as part of a German project called “elektroMobil”, uses the 85 
metro area of the city of Berlin, Germany as a test case – a city with multiple carsharing operators on the market 86 
offering both station-based and free-floating carsharing – three different scenarios have been simulated. The 87 
basis scenario mimics the actual transportation system and assumes a station-based carsharing offer. Two 88 
simulations are based on a population forecast for 2015 and various changes in the offer are assumed. In the 89 
first, a larger station-based carsharing is tested, while in the second a large free-floating carsharing is added. 90 
Clearly, the work presented here is by no means a substitute of empirical data analysis but gives precious hints 91 
on the behavior of the system and can be used as planning or policy tool. In this case, it shows how station-based 92 
and free-floating carsharing compares and the results can help finding strategies to extend the carsharing offer in 93 
Berlin and how to combine free-floating and station-based carsharing.  94 

RELATED WORK 95 

Carsharing has been investigated in a large amount of scientific reports, especially in the last decade. 96 
The work presented here relates with two distinct streams of literature. One is the research on free-floating 97 
carsharing; the other is the modeling of carsharing as a mode. It is no surprise that only very few papers 98 
specifically deal with free-floating carsharing considering that Car2Go (2) – arguably the first free-floating 99 
program – started operations in Ulm, Germany, in October 2008. Previously, only few experiments were made 100 
on this particular carsharing form (3). It is somewhat more surprising that not many research efforts focused on 101 
the modal share of carsharing.  Apparently, the fast growth of carsharing has not fostered yet the creation of 102 
suitable modeling tools. Finkorn and Müller (4) used data from Car2Go in Germany to assess the environmental 103 
impact of free-floating carsharing in absolute terms and compared to traditional carsharing. Free-floating would 104 
have a much larger positive impact because it would be able to attract more customers. Although this might well 105 
be the case – there are studies coming to similar conclusions for one-way carsharing (5, 6) – their conclusions 106 
appear biased by rather rough assumptions on the availability of traditional carsharing. In another study (7) the 107 
same authors analyze how some car makers are moving from selling cars to selling mobility and observe that 108 
this change of paradigm might have a positive environmental impact because it would lessen the overall number 109 
of vehicles. Other researchers (8) focused on relocation strategies proposing various algorithms to cope with the 110 
wide variety of situations which can happen in a free-floating carsharing system. The motivations for becoming 111 
a free-floating carsharing user have been also investigated (9, 10).The latter, for example, uses a hierarchical 112 
means-end chain analysis method. The main motivations found – value-for-money, convenience, lifestyle and 113 
environmental benefits – are consistent with similar findings for traditional carsharing (11).  114 
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The work of Shaheen and Rodier (12) is probably the first attempt to estimate carsharing demand and 115 
evaluate how different policies can affect it.  However, they used a modeling framework that allowed only a 116 
very simplistic representation of carsharing. Interestingly, they observed that reliable tools for the estimation of 117 
innovative mobility services/policies are missing and overcoming this lack might be crucial for their success but, 118 
apparently, their call largely went unheeded among the carsharing community, at least until very recently.  In the 119 
work of LeVine (5), for example, there is a forecast of carsharing usage under different program’s specifications 120 
– station-based or one-way – for the city of London. Based on a very sophisticated stated choice exercise, he 121 
concludes that one-way would have a much larger diffusion in terms of membership and would generate more 122 
carsharing journeys. The main limitation of this work is that the model does not capture how the availability of 123 
the different carsharing options might reshape mobility patterns. Finally, a recent report (13) is probably the only 124 
example of free-floating carsharing demand estimation, thus belonging to both strands of the literature treated 125 
here. The authors justify the use of rather simple regression models – based on spatial characteristics – over 126 
other modeling options (i.e. discrete choice models) with the low share of carsharing trips. This is likely true in 127 
terms of reproducing modal shares with a reasonable accuracy for the area studied and for any area where a 128 
similar offer would be put in place. However, this limits the possibility of using it as a planning tool in that it 129 
does not offer the possibility to test different carsharing schemes.     130 

METHODOLOGY 131 

The world of carsharing is evolving fast. The actors involved are increasingly big and include among 132 
others car makers (Daimler, VW, BMW, Peugeot), traditional car rental (Avis, Sixth), and public transport 133 
operators (DB Flinkster owned by the German national train operator). The level of competition on the market is 134 
increasing as cities with multiple carsharing operators, once an exception, are becoming common in Europe and 135 
North America. We can therefore expect predictive models, instrumental for the optimization of operations and 136 
for demand estimation, drawing increased attention from operators. We already suggested in a previous paper 137 
that agent-based simulations might be appropriate to model carsharing (14) and explained the rationale of it. In 138 
the following of this section that argument is reviewed and the models used in the present study are described.   139 

Modeling carsharing with an agent based approach  140 

Classic travel demand (4-step) models have evolved in a world dominated by automobility. Public 141 
transit, buses in particular, was the only “competitor” of cars for road infrastructure in most of industrialized 142 
countries. This is no surprise that these models were typically taking only two modes into account, car and 143 
public transport. Recent efforts account for other modes (i.e. bicycle and walk travel) but the integration of 144 
carsharing has not yet been attempted, not to mention free-floating carsharing. This is reasonable since, despite 145 
its impressive growth, carsharing still accounts for a very low proportion of overall travel. This should not hide, 146 
though, the inherent limitations of traditional modeling tools to represent carsharing. The very nature of 147 
carsharing, the importance of its availability at precise points in time and space does not fit with models using 148 
vehicles per hour flows. Clearly, for free-floating carsharing is even more so, given the fact that it has no 149 
stations. It is crucial to represent the availability of vehicles at local level and therefore represent individual 150 
travel with high spatial and temporal resolution.  In transport modeling, when it is important to represent time-151 
dependent mobility patterns at individual level, models are based on activity data. Travel is the result of the 152 
individual need performing out-of-home activities at different locations. Agent-based modeling is a natural way 153 
to implement this paradigm. Agents are software abstractions acting in an artificial environment; they have 154 
learning capability and are goal oriented. Activity chains are linked to specific individuals based on socio-155 
demographic attributes and availability of specific mode types. The verisimilitude of the whole representation is 156 
guaranteed by the fact that the artificial population is based on census data and on travel diaries surveys. This 157 
way, multi-agent models can deal with complex research questions regarding time-dependent spatial demand or 158 
variations in carsharing supply. This comes at the cost of being computationally intensive. Additionally, the 159 
richness of detail does not imply the accuracy of the model, in particular at the micro-scale. However, it is 160 
important that such a level of detail is possible because it allows introducing simple behavioral rules at the micro 161 
level that determine the macro behavior of the system.  The key is to use behavioral rules that are easy enough to 162 
observe from real world experience but also “fundamental” enough to induce a plausible behavior in the agents 163 
not only for a particular activity or for a particular mode of transport, but in general. This results in the really 164 
important feature of showing an emerging behavior at the macro-scale that is caused, but not directly implied, by 165 
the rules at the lower level. This is the main reason why agent-based simulation is a suitable tool for modeling 166 
innovative transport systems. 167 
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Carsharing models 168 

For this work the multi-agent traffic simulation MATSim (15) was used. MATSim implements the 169 
concepts described in the previous paragraph and can be applied to la large scale scenarios where millions of 170 
agents, representing the population of a predefined study area, are modeled. It outputs complete daily schedules 171 
for all the individuals of the scenario that comprises various types of activities and travel with several modes. 172 
Station-based carsharing was already a modal option in the software, although with several limitations, free-173 
floating carsharing was not.   174 

Simulation model 175 

In the case of station-based carsharing the simulation of carsharing travel is subtour based – a subtour is 176 
a sequence of trips starting and ending from the same location, but not necessarily from home – and is quite 177 
realistic. In The following steps are simulated:  178 

1. Walk from start activity to the next station, 179 

2. Get the car, 180 

3. Drive to the next activity (interaction with other vehicles are modeled), 181 

4. Park the car close to the next activity, 182 

5. Take the car again and drive to the next activity… 183 

6. From the last activity of the chain, drive to the initial station, 184 

7. Drop the car, 185 

8. End the rental (and make the car available for other rentals), 186 

9. Walk to the next activity, 187 

10. Carry out the rest of the daily plan… 188 

 189 

In the case of free-floating carsharing the list is slightly shorter, reflecting the fewer hurdles in its use: 190 

1. Rent the closest car, 191 

2. Walk from start activity to the rented car, 192 

3. Drive to the next activity (interaction with other vehicles are modeled), 193 

4. Park the car close to the next activity, 194 

5. End the rental (and make the car available for other rentals), 195 

6. Walk to the next activity, 196 

7. Carry out the rest of the daily plan… 197 

 198 

These models addressed some limitations of the previously existing carsharing model of MATSim in 199 
that a) capacity of the system is taken into, and b) carsharing vehicles are physically simulated.  200 

Behavioral model 201 

The behavior of the agents is expressed by a function which evaluates all the component of their daily 202 
activity plan. In principle activities are evaluated positively (provide utility) and travel negatively (generates 203 
negative utility). The specific components of carsharing travel are as follow:   204 

- Time cost for walking (access + egress) 205 

- Constant for carsharing (minimum cost) 206 

- Rental time 207 

- Distance cost 208 

- Monetary cost of rental time  209 
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- Maximal time cost (after that, only the distance is paid) 210 

 211 

The only difference for free floating carsharing is that also a lower limit for the rental cost exists (there 212 
is a minimum fare in which a given amount of time and 20 Km travel are included). The functions are used by 213 
the agents to evaluate the mobility options they have, that is it is used during the iterative process of the 214 
simulation – similar as in a discrete choice model – by the agents  to compare different modal option and choose 215 
the one which fits better their needs. A formal description of the utility function can be found in (14). The 216 
availability of the other modal options is an attribute of the agent. It is assigned based on its socio-demographic 217 
characteristics and reflects the actual distribution observable in census data.  218 

Carsharing membership 219 

In the simulation only members of the carsharing program are allowed to use the service. A specific 220 
model – as for example the one in (16) already used in another MATSim experiment – was not estimated, but it 221 
was possible to analyze customer data of DB Flinkster to get an insight on the station-based carsharing users’ 222 
profile. Membership was then assigned (or not) to agents using iterative proportional fitting (IPF) to obtain a 223 
distribution close to the real one. The number of customers was taken equal to that of DB Flinkster customers. In 224 
the IPF age, gender and distance from the closest station. Membership of free-floating carsharing was assigned 225 
based on the observation that a number of approximately 100 customers per vehicle is stable since the service is 226 
available in Berlin, independently of increases in the number of cars. In other words, the size of the service was 227 
established and the number of customers set accordingly. Indeed, the total number obtained is fairly consistent 228 
with studies estimating the potential for free-floating carsharing in Germany (17). Membership was then 229 
assigned with a process similar to that used for traditional carsharing. A part of the agent ended up having access 230 
to both services, which reflects the current situation (18). 231 

SIMULATIONS 232 

In this section the scenarios are described and the results obtained running the simulation of them are 233 
presented and interpreted. 234 

Scenario 235 

The simulation was run on a scenario reproducing the metropolitan area of Berlin, Germany. In the 236 
region are currently living (2012) about 4.5M inhabitants on an area of 30’370 km2 (11’726 sq. mi). The first 237 
scenario used is based on census data, and a population of 4‘422‘012 agents mimics the real inhabitants of the 238 
region. The others are based on a population forecast for 2015 – an increase up to 4‘506‘058 persons – and the 239 
simulation reflects that. It includes changes in the population structure and in travel demand and supply. On 240 
these premises, three different carsharing scenarios were tested; they are shortly described below. 241 

Scenario I – Station-based carsharing 242 

The first scenario reproduces the current situation; the population is characterized based on the actual 243 
census. Only station-based carsharing is available in this scenario and location and number of vehicles reflect 244 
that of DB Flinkster with 175 vehicles at 82 stations and 20’000 registered members.   245 

Scenario II – Larger station-based carsharing 246 

The second scenario represents a possible enhancement of the service in the near future and therefore 247 
the characterization of the population bases on the aforementioned forecast.  Also here only station-based 248 
carsharing is available but additional stations were added to (a) increase density in the already served areas and 249 
(b) to extend the service to other parts of Berlin. The scenario consists of 329 vehicles at 152 stations with 250 
38’000 registered members. The additional stations are located at spots where a high density of activities is 251 
observed. The actual availability of a parking lot was not considered.    252 

Scenario III – station-based and free-floating carsharing 253 

The third scenario is also projected in the future and therefore based on the forecast. In this case the 254 
carsharing offer of Scenario II (329 vehicles, 152, stations) is extended by adding a free-floating service with 255 
2050 vehicles. This service is accessible for 194’000 agents. They come in top of the agents who were already 256 
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members. The latter can use both services. The initial location of the flexible service vehicles are picked where a 257 
high density of members’ planned activities is available.   258 

Results 259 

A nice feature of such a detailed representation of travel is that all persons and all vehicles can be 260 
tracked during the simulation – observing for example rental duration, distance, purpose of the trip, etc. – and 261 
this wealth of data can be used for a virtually unlimited number of analysis.  262 

Scenario I – Station-based carsharing 263 

In Figure 1 temporal and spatial distribution of carsharing activities for the first scenario are shown. 264 
The lines in the graph represent carsharing departures (in blue), arrivals (in red) and the number of vehicles 265 
currently on the road (in green) over one day in the simulation. A peak of carsharing use early in the morning is 266 
observed. The fact that the number of vehicles traveling is quite in tune with departures and arrivals means that 267 
those rentals are mostly of very short duration. Conversely, in the afternoon, the curves seem to suggest that 268 
there is a fair amount of longer rentals. 269 

 270 

 271 

 272 
FIGURE 1:  a ) Departure time, arrival time and en-route vehicles, scenario I b) Spatial distributions of 273 
rental events, scenario I  274 
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In the map, the colors represent carsharing share with respect to all trips made by carsharing members (not of the 275 
whole population) in a municipality (identified by the ZIP code).  It shows the intensity of carsharing use by 276 
members in a neighborhood. Some of the peripheral municipalities also show a high usage, which is somewhat 277 
surprising. Probably, it is an artifact of the map due to the low number of members in those municipalities. 278 

Scenario II – larger station-based carsharing 279 

From Figure 2, it can be observed that the increased number of cars has an effect on absolute numbers – 280 
the curves are at higher levels all over the day – but also on the temporal distribution of carsharing use. A peak 281 
around 8:00 in the morning is still observable, but now this is not the absolute peak during the day anymore. It 282 
seems that with more cars available, carsharing use intensifies more during the late afternoon than it does during 283 
the morning. This might reflect a higher latent demand in this part of the day.  The map shows that increased 284 
density brings increased intensity in the use. Most of the municipalities where carsharing trips already happened 285 
are now a notch or two higher. Some other municipalities were no carsharing trips were registered have some 286 
now. There are nevertheless exceptions, since there are few municipalities were carsharing use is reduced. 287 
Overall, the map seems to indicate that the increase of the supply side is particularly effective in peripheral 288 
regions.  289 

 290 

 291 

 292 
FIGURE 2:  a) Departure time, arrival time and en-route vehicles, scenario II b) Spatial distributions of 293 
rental events, scenario II  294 

 295 
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Scenario III – station-based and free-floating carsharing 296 

In this scenario a large free-floating service is added in top of the station-based carsharing offered in 297 
scenario II. Interestingly, at a first glance, Figure 3 seems to show that station-based carsharing use is not greatly 298 
affected by the introduction of its free-floating counterpart. The curves are similar to those in Figure 2. 299 
Nevertheless, there is one impact which should not be ignored. There is now a lowest point in all the curves at 300 
around 14:00 which roughly corresponds to a peak in free-floating use. A possible interpretation is that some of 301 
those trips were previously made by traditional carsharing but free-floating is better suited for them. Many free-302 
floating trips are trips are concentrated in the morning and in the afternoon meaning that the highest untapped 303 
potential is likely there.  304 

 305 

 306 

  307 
FIGURE 3:  a) Departure time, arrival time and en-route vehicles, scenario III. The first histogram refers 308 
to station-based carsharing, the second to free-floating. b): Spatial distributions of rental events, scenario 309 
III.  The first map refers to station-based carsharing, the second to free-floating.  310 

 311 

The spatial distribution map shows that in municipalities of high station-based carsharing use level also 312 
free-floating is more successful. Interestingly, it seems that the presence of this additional service help 313 
traditional carsharing to be more successful in general, since the number of municipalities with intense level of 314 
carsharing activities appears increased. It might be that in the optic of finding good mobility options for a whole 315 
day – this is basically what agents in the simulation do – the additional presence of free-floating allows some 316 
agents to change mode maybe because they use both services over the day. Say for instance that an individual 317 
has a typical 9am-5pm work day and that during lunch break he/she need to go for some shopping. Since station 318 
based carsharing is not suitable for such a work activity, the individual will likely take his/her own car and use it 319 
also for shopping. However, the presence of free-floating allows letting the car home and using station based 320 
carsharing for shopping.  321 

  322 
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DISCUSSION 323 

The graphs presented so far give a broad idea of what happens in the different scenarios. To understand 324 
better the differences among them, Table 1 summarizes some key variables.   325 

TABLE 1:  Summary of the simulation results for the three scenarios. 
Carsharing is shortened as CS, station-based as SB and free-floating as FF. 
Variable Scenario I II III 
Population 4‘422‘012 4‘506‘058 4‘506‘058 
# Members CS SB & FF 20‘000 38‘000 38‘000 
# Members CSFF - - 194‘000 
# CS Stations 82 152 152 
# Vehicles (Station based) 175 329 329 
# Vehicles Free-floating - - 2‘500 
# Members traveling (any mode) 16‘489 31‘358 191‘819 

# Users 183 473 4‘967 
# Rentals 190 481 11‘220 
# Rentals (SB) 190 481 512 
# Rentals (FF) - - 10‘708 
# Used Vehicles (Total) 124 266 2‘452 
# SB 124 266 267 
# FF - - 2‘185 

CS SB    
# Trips 496 1‘298 1‘379 
Avg. Trip Duration [min] 22.9 23.5 27.5 
Avg. OD-Distance [km] 5.8 5.3 5.3 
Total travel time [Days] 7.9 21.2 26.5 
Total distance [km] 2‘900 6‘900 7‘300 

CS FF    
# Trips - - 10‘708 
Avg. Trip Duration [min] - - 20.1 
Avg. OD-Distance [km] - - 5.7 
Total travel time [Days] - - 149.8 
Total distance [km] - - 60‘600 

Use peaks CS SB    
Morning 40 [08.0h] 75 [08.0h] 75 [08.5h] 
Evening 35 [18.0h] 90 [19.0h] 100 [19.5h] 

Use peaks CS FF    
Morning - - 550 [08.0h] 
Noon - - 760 [13.0h] 
Evening - - 690 [16.0h] 

 326 

The most striking occurrence observed is the increase in the rentals between scenario I and II. The 327 
number of stations and vehicles is slightly less than doubled, as well as the number of members, but the number 328 
of rentals is increases by a factor 2.5. The characteristic of the trips, distance and travel time are essentially 329 
unchanged, which means that the type of trips is unchanged. Additional stations seem to perform particularly 330 
well, meaning that a sizable additional potential is still available for station based carsharing. The addition of 331 
2’500 free-floating cars, in scenario III, generates more than 10’000 additional trips. Remarkably, the number of 332 
rentals of station-based is increased. This confirms what stated in this section above and suggests that the two 333 
carsharing type can be complementary. Another observable effect is that station-based carsharing in Scenario III 334 
is used for longer trips than in scenario I and II while free-floating carsharing seem to specialize on shorter and 335 
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faster trips. This probably reflects the slightly difference of the cost structure of the two services; free-floating 336 
carsharing has no distance costs up to 20 km. 337 

To understand better the difference in the type of trips made with the two carsharing services, we 338 
looked at the activity carried out after the trips. As Figure 4 shows, activity type distributions for station-based 339 
carsharing are quite similar across scenarios.  340 

 341 

 342 
FIGURE 4:  Activity carried out after a carsharing trip 343 

 344 

The distribution is different for free-floating carsharing; work is substantially higher and leisure and 345 
shopping lower.  This perfectly makes sense since commuting is more attractive with free-floating – working 346 
time does not translate into rental time - and station-based is suitable for leisure and shopping because they 347 
usually do not last so long.  Figure 5, allows checking which modes were substituted by free-floating carsharing, 348 
comparing scenario II and III. This is important because there are still open questions on the real impact of free-349 
floating carsharing on the transportation system as a whole. With the spontaneity permitted by the system it is 350 
debated if free-floating is not rather substituting public transit or bike or even walk travel. This might generate 351 
more car travel overall. 352 

 353 

 354 
FIGURE 5: Mode used for the trip prior to the introduction of free-floating carsharing 355 

 356 

 357 
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Car travel is actually the mode which is reduced the most; well above 30% of the free-floating trips 358 
were car trips before its introduction. However, bike travel is the second contributor, followed by public 359 
transport and walk. Overall car travel indeed grew with free-floating carsharing compared to the station-based 360 
carsharing scenario. Obviously, since MATSim simulates only one average day, it cannot capture the effect of 361 
reduced car travel at long term by carsharing users. This might well offset the growth due to modal substitution 362 
and overall car travel might be reduced. Nevertheless, this finding is important because suggests that modal 363 
substitution patterns for free-floating carsharing might substantially differ from those of traditional carsharing. 364 
Relatively few agents changed from station-based carsharing to free-floating carsharing – note that only 365 
previous station-based users could use both   despite the high number of free-floating cars available in the third 366 
scenario. This can be interpreted as a further confirmation that free-floating carsharing is not inherently better 367 
than station-based carsharing through its additional flexibility, as one might tend to think, but simply more 368 
suitable for some specific situations and the two systems are rather complementary. 369 

SUMMARY AND OUTLOOK 370 

Overall it seems clear that carsharing still has a huge potential in Berlin especially for station based 371 
services. Indeed, in the meantime, the carsharing offer in the city has been massively enhanced. Regarding the 372 
simulation, perhaps the most striking result is the over-proportional growth of carsharing use with respect to 373 
carsharing service extension (in term of number of cars and stations) from test scenario I to II. This suggests 374 
that, at least for the level tested, there is a positive scaling effect in the accessibility to carsharing which makes a 375 
denser network more attractive. The introduction of free-floating apparently does not reduce the overall 376 
attractiveness of the station-based option and seems rather complementary to it. In geographical terms station-377 
based carsharing use appear to have a smoother distribution among the municipalities when alongside free-378 
floating. It seems like if in some municipalities the presence of the new option reinforces the other. The absolute 379 
numbers are more or less stable, actually slightly higher, but the main effect seems to be a change in the type of 380 
trips and in the time of the day. Free-floating carsharing is used for on average shorter trips and predominantly 381 
during the early afternoon. Further analysis confirms occurrences which have been hypothesized regarding free-382 
floating carsharing but are not yet supported by empirical data. The first is that free-floating is, unlike station-383 
based carsharing, potentially suitable for commuting. A substantially larger number of trips to work activities 384 
confirms that. The second is that free-floating competes with public transit, walk and bike and not only with car. 385 
Many free-floating trips in simulation III were made with one of those modes in simulation II. This would mean 386 
that the overall effect of free-floating carsharing might be less beneficial than that of station-based carsharing in 387 
terms of reduction of car travel. Obviously this is not a definitive answer on the issue, but detecting this effect 388 
suggests nevertheless that planners should keep an eye open on that aspect in their future analyses.  389 

It is important to note that MATSim was used in this study for the first time to assess free-floating 390 
carsharing. The analyses presented are only a small taste of the virtually infinite number of those possible with 391 
this tool. Additional experience using the tool – but also a more solid base of knowledge on free-floating 392 
carsharing provided by studies based on empirical data - will help figuring which are the most important 393 
dimensions to watch at and to understand if the software as it is now still has flaws or limitations which need to 394 
be addressed. Applying the tool for analysis on new scenarios, possibly relying on new empirical data, is the 395 
main point on the research agenda for the next future. The goal of this research is to build a predictive and policy 396 
sensitive model that can be used by practitioners and policy makers in order to test different scenarios including 397 
any type of carsharing. MATSim is well suited  for that because can naturally cope with transportation issues 398 
where accessibility and availability is time dependent and need to be represented at the micro scale. The 399 
introduction of free-floating carsharing is an important additional step in this direction. 400 

REFERENCES 401 

1. Shaheen, S., D. Sperling, and C. Wagner. Carsharing in Europe and North America: Past Present and 402 
Future, Transportation Quarterly, 52 (3) 35-52. 403 

2. Car2go (2011) Car2go, webpage, January 2013, www.car2go.com. 404 
3. Schwieger, B. (2003) International Developments towards a “Second Generation” Carsharing, 405 
Dissertation, TU Berlin, Berlin. 406 

4. Firnkorn, J. and M. Müller (2011) What will be the environmental effects of new free-floating car-407 
sharing systems? The case of car2go in Ulm, Ecological Economics, 70 (8) 1519–1528.  408 

5. Le Vine, S. (2012) Strategies for personal mobility: A study of consumer acceptance of subscription 409 
drive-it-yourself car-services, Dissertation, Imperial College London. 410 

6. Efthymiou, D., C. Antoniou and P. Waddell (2012) Which factors affect the propensity to join vehicle 411 
sharing systems? presented at the 91st Annual Meeting of the Transportation Research Board, Washington, 412 
D.C., January 2012. 413 

TRB 2014 Annual Meeting Paper revised from original submittal.



Ciari / Bock / Balmer  13 

7. Firnkorn, J. and M. Müller (2012) Selling Mobility instead of Cars: New Business Strategies of 414 
Automakers and the Impact on Private Vehicle Holding, Business Strategy and the Environment, 21 (4) 415 
264–280. 416 

8. Weikl, S. and K. Bogenberger (2012) Relocation strategies and algorithms for free-floating Car Sharing 417 
Systems, paper presented at the 15th International IEEE Conference on  Intelligent Transportation Systems 418 
(ITSC), Anchorage, AK, September 2012. 419 

9. Canzler, W. and A. Knie (2011) Einfach aufladen. Mit Elektromobilität in eine saubere Zukunft, 420 
oekom, München.  421 

10. Schaefers, T. (2013) Exploring carsharing usage motives: A hierarchical means-end chain analysis, 422 
Transportation Research Part A: Policy and Practice, 47 (1) 69–77. 423 

11. Millard-Ball, A., G. Murray, J. ter Schure, C. Fox and J. Burkhardt (2005) Car-Sharing: Where and 424 
how it succeeds, TCRP Report, 108, TRB, Washington D.C.  425 

12. Shaheen, S.A. and C. Rodier (2004) Carsharing and Carfree Housing: predicted travel, emission, and 426 
economic benefits, paper presented at the the 83th Annual Meeting of the Transportation Research Board, 427 
Washington, D.C., January 2004. 428 

13. Kortum, K and R. Machemehl (2012) Free floating carsharing systems: innovations in membership 429 
prediction, mode share, and vehicle allocation optimization methodologies, Report No. 430 
SWUTC/12/476660-00079-1, Southwest Region University Transportation Center, Center for 431 
Transportation Research, University of Texas at Austin. 432 

14. Ciari, F., N. Schuessler and K.W. Axhausen (2012) Estimation of Carsharing Demand Using an 
Activity-Based Microsimulation Approach: Model Discussion and Some Results, International Journal of 
Sustainable Transportation, 7 (1) 70-84. 

15. MATSim (2011) MATSim, webpage, June 2013, www.matsim.org. 433 
16. Ciari, F. and C. Weis (2013) Carsharing membership in Switzerland: modeling the influence of socio-434 
demographics and accessibility, Arbeitsberichte Verkehrs- und Raumplanung, 886, IVT, ETH Zurich, 435 
Zurich. 436 

17. DriveNow (2012) 30‘000 Mitglieder in Berlin, press Communication, DriveNow.  437 
18. Scherf, C., J. Steiner and F. Wolters (2013) E-Carsharing: Erfahrungen, Nutzerakzeptanz und 438 
Kundenwünsche, Internationales Verkehrswesen, 65 (1) 42-44. 439 

 440 

 441 

LIST OF FIGURES 442 

Figure 1  a ) Departure time, arrival time and en-route vehicles, scenario I b) Spatial distributions of rental 443 
events, scenario I ........................................................................................................................................ 7 444 

Figure 2  a) Departure time, arrival time and en-route vehicles, scenario II b) Spatial distributions of rental 445 
events, scenario II ....................................................................................................................................... 8 446 

Figure 3  a) Departure time, arrival time and en-route vehicles, scenario III. The first histogram refers to station-447 
based carsharing, the second to free-floating. b): Spatial distributions of rental events, scenario III.  The 448 
first map refers to station-based carsharing, the second to free-floating. ...................................................... 9 449 

Figure 4:   Activity carried out after a carsharing trip……………………………………………………………11 450 

 451 

Figure 5  Mode used for the trip prior to the introduction of free-floating carsharing…………………………11 452 

 453 

LIST OF TABLES 454 

Table 1  Summary of the simulation results for the three scenarios. Carsharing is shortened as CS, station-based 455 
as SB and free-floating as FF. ................................................................................................................... 10 456 

 457 

TRB 2014 Annual Meeting Paper revised from original submittal.


