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Abstract

Car-sharing systems have irrupted in our cities following the shared mobility paradigm.
They have evolved the personal mobility market from product-based into service-oriented,
which ultimately provides a positive impact on the city’s sustainability. Car sharing sys-
tems are a complex interactive service, whose dynamics can dramatically affect its opera-
tional viability. In order to better asses this viability, we must rely on data to produce novel
metrics that characterize both the user behavior and the service performance. Up to date,
research has focused on modeling the demand on the basis of the number of rentals that
start within a specific time slot. However, this approach seems unable to provide a repre-
sentative metric of the performance of a car-sharing system. In this paper, we propose a
novel metric, the utilization rate of the fleet, which considers the precise number of vehi-
cles within a fleet that are in service every minute of the day. From this basic metric, we
derive a key performance indicator (KPI) to reflect the viability of any car-sharing system
in economic and sustainability terms. We have applied this new metric and KPI to a dataset
with 449 days of car2go data, collected in 10 European cities.
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Introduction

Car-sharing services have come to stay. This is good news because shared mobility rep-
resents a sustainable strategy to alleviate climate change in cities. It introduces cleaner
technologies and reduces vehicle ownership (Liao et al. 2020), which ultimately contrib-
utes to mitigating negative externalities of transport such as pollution and congestion.

Car-sharing services are organized upon similar rules in different cities. However,
the exact way in which this service fits into each city’s everyday life depends on dis-
tances, urban layouts and infrastructures, together with habits and preferences of citi-
zens, which considerably vary across cultures (Salvia and Morello 2020).

The basic idea behind car-sharing is pretty simple: instead of paying to buy your
own car, you pay to use a shared car. This means that car-sharing evolves the traditional
fulfillment of the mobility needs from a product-based approach to a service provision.
There are two business models (Remane et al. 2016; Perboli et al. 2018): (a) the tradi-
tional business-to-consumer (B2C) model, in which a company makes a fleet of vehi-
cles available to its customers; (b) and the newest peer-to-peer (P2P) model, in which
private owners make their own vehicles available to other users. We can find three cat-
egories among B2C systems: (i) two-way services, also called round-trip systems: with
stations and trips starting and ending at the same station; (ii) one-way station-based ser-
vices: which include stations, but the origin and destination of the trip may differ; (iii)
one-way free-floating services: with no stations as cars are picked up and dropped off
anywhere within a predefined zone, called the operational area. So far, P2P platforms
have a testimonial presence in the sector, although they do represent a certain market
share in some countries such as France (Miinzel et al. 2020).

By far, the most successful modality is free-floating car-sharing (FF-CS). In Europe,
car2go was the first company to implement a FF-CS service (Ulm, Germany, in Octo-
ber 2008). The demand for this type of service has grown gradually over the last few
years for several reasons, including flexibility, 24/7 availability, and competitiveness.
First, the possibility of picking up the car right where it is needed and returning it to
the most suitable place, given the user’s destination, is undoubtedly a clear advantage
for the service. Second, companies provide a spatially distributed supply of vehicles,
even assuming rebalancing operations or oversizing the fleet of vehicles (as we will see
later in this paper); this is key to providing a high quality of service. Last, a competitive
pricing policy makes the service more attractive to users, and so the service becomes a
substitute for other transport modes, especially at certain times of the day.

For the time being, the pricing structure implemented by the car-sharing operators is
quite simple: the price is directly proportional to the rental time, so the price-per-minute
is the relevant figure of the service. This policy may have some indirect drawbacks as
encouraging users to speed.

In order to evaluate and optimize FF-CS services, we need to improve our current
knowledge about the user’s behavior, the patterns of operation, and the corresponding
economic impact. We propose to do that by mining some concepts from the service and
planning field of the telecommunications industry. Initially, the proposed service was
mere speculation, but now after several deployments there is the potential analyze real
user behavior. In this respect, the new web-based methodologies best fit this purpose
given the low and rapidly increasing number of users, which discards other traditional
approaches based on surveys or interviews. In addition, focusing on data we are able to
get closer to individuals and avoid the fundamental limitations of traditional transport
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planning techniques, mainly based on aggregations and estimates (Vecchio and Tricar-
ico 2019).

This data-driven analysis allows us to unravel the complex relationship between supply
and demand inherent to FF-CS. From the user’s point of view, the service is attractive if
it guarantees availability; from the operator’s, the key is efficiency. So, we have two con-
flicting requirements: users need a high density of empty available cars, whilst operators
require a high proportion of occupied cars.

Nevertheless, data does not imply an overall solution for the analysis of FF-CS. We
also need to construct new metrics capable of reflecting the service-oriented nature of the
novel shared mobility. The tools we applied to classical production-based economies, do
no longer apply to this new scenario of shared economy. We cannot model the economic
viability of a FF-CS system observing how many cars are demanded but which is the ser-
vice rate they provide.

Consequently, in this paper we propose the utilization rate of the feet to characterize a
FF-CS service. The rate is defined as the percentage of cars in use with respect to the total,
in a certain time interval, for example, 1 minute. Despite the simplicity of this metric, its
temporal dimension allows a fine-grained description of usage patterns. Globally, through
aggregates and averages, it represents a key performance indicator (KPI) capable of deter-
mining whether the service is economically viable for the operator and socially desirable
for the citizens.

The remainder of the paper is structured as follows. Section Related work describes
other scientific approaches to the characterization of FF-CS services in order to define the
framework of our paper. Section Materials and methods is devoted to justify the need of a
new metric, the formal description of the proposed metric, and the empirical dataset we
used for our experiments. Section The need for a new metric presents the results obtained
from these experiments in 10 European cities and performs an economic analysis based on
those. Finally, Sect. Notation highlights the benefits of the proposed metric and its applica-
bility in future mobility services.

Related work

Methodologically, scientific literature has analyzed FF-CS services from three different
perspectives: relying on surveys or interviews, developing simulation models, or conduct-
ing data-driven analysis. From a different perspective, regarding the investigated sub-
ject, the emphasis has been on proposing reallocation strategies or modeling supply and
demand.

Through a before-and-after survey in 5 cities in North America (N ~ 6 000), the results
in (Martin and Shaheen 2016) show that car-sharing members show a statistically sig-
nificant reduction on the number of vehicles they own, despite the fact that 60 % of all
households joining car-sharing are car-less. Furthermore, on average shared vehicles are
more modern and hence more efficient (less polluting) than the average owned, a trend that
will remain as the usage of shared vehicles is higher, requiring a more frequent replace-
ment rate. In addition, FF-CS both substituted and complemented public transportation.
However, we must be cautious about the conclusions extracted from surveys that could be
potentially biased, given that they tend to be conducted among service users and only a
small percentage of the population uses the service. This fact also suggests that the use of
the traditional household mobility surveys may not be a reliable solution.
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Simulation-based models show implicit limitations as they rely on assumptions that do
not always conform to reality (Cohen and Shaheen 2016). This is particularly critical when
trying to simulate a non-existent service, like FF-CS in some cities. In (Ciari et al. 2014)
an agent-based simulation software is used to model the FF-CS demand in Berlin. The
projection of the model for the year 2015, predicted a rental profile with a peak around
13:00. However, an analysis carried out with real data in Berlin 2015 (Schmoller et al.
2015) showed a totally different profile of car-sharing bookings with a peak in demand
around 20:00. Thus, an inaccurate model generated wrong conclusions and led the authors
in (Ciari et al. 2014) to state that FF-CS users are mainly commuters and that work, and
not leisure, is the main objective of their journeys. There are numerous studies that show
that the behavior of users is contrary to these statements (see Boldrini et al. 2019 for an
interesting discussion on this matter). Nevertheless, simulators like the one presented
in (Cocca et al. 2019) are a must when it comes to designing a system for its future imple-
mentation. These and other scientific and industrial works often show biased representation
of the car-sharing mobility. Thus data-driven models and generalized metrics are yet to
explore (Shaheen et al. 2019).

The missing ingredient in building models and construction planning processes is the
understanding of the user motivation. This is obviously difficult in the context of a pro-
posed service where no data is available and everything is based on speculation. However,
we are now in the position to have some example services in place with available data to be
analyzed.

The telecommunications industry has a long history of service design and planning and
has spent decades analyzing the relationship between the service and the environment in
which it is used, for example (Norton 1992). This bridges the gap between the engineer-
ing of the service and the capacity planning required to make it economically viable. In
practical terms, it requires making an economic connection, which in turn is defined by a
strong link to the motivations and the objective of the target user base. For example access
to and support for a service can be controlled by modifying the applied tariff (DaSilva
2000). Such concepts have already been embraced, for example, (Febbraro et al. 2019) pro-
poses a user-based relocation methodology in which the users enjoy fare discounts if they
accept leaving the car in a specific location. However, this immediately makes it evident
that systematically characterizing user behavior is going to be essential in fully understand-
ing these services.

As noted in the previous paragraphs, failure to correctly characterize the user behavior
leads to incorrectly predicted results, despite the fact that the underlying model is viable.
Although the authors believe that there is a great potential for extracting comparisons and
methodologies from this economic and user psychological perspective explored by the tel-
ecommunications industry, it is only sensible to start with the simplest of comparisons.
What we propose here is to look at some of the more basic planning concepts and start to
define the relationship between these basic parameters and user characterization. Follow-
ing a similar approach to the design of telecommunication networks, we can either use
Erlang’s function to measure the probability of not having an available circuit given a spe-
cific data traffic, or use its inverse in order to calculate the number of circuits needed to
provide the required service for that data traffic (Berezner et al. 1998). These principles can
be transposed to the car-sharing field using the analogy of circuits with cars and traffic with
users’ mobility demand. Therefore, our objective is constructing a simple metric that can
link service provision and user demand in order to optimize the design of FF-CS systems.

All of this is also related to real world constraints, for example in (Kypriadis et al. 2020)
considers the implication of how the battery level of the electric cars along with the time
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the employee walks from one car to another are taken into account when deciding if a car
should be relocated and to where. This would again be impacted by the ability to influence
user behavior illustrating the potential that such understanding could bring.

Obviously, to make any headway we need access to real data and data-driven approaches
are the most relevant for our work; there are still few studies, but we review the most rel-
evant below.

The authors in (Ciociola et al. 2017) present an integrated system to harvest data in real
time (at 1 minute intervals) from car-sharing platforms and, simultaneously, from Google
Directions API. Thus, in addition to the information on rentals, they also get trip times
by private vehicle and public transport on the same origin destination pair. Authors take
the city of Turin as a use case, collecting 167 000 rentals in 52 days (from 10/12/2016 to
31/01/2017), from 2 operators. The study includes, temporal, spatial, and usage analyses.
The temporal analysis shows the total number of rentals recorded on each day, along with
temporal profiles for weekdays and weekends (hourly averaged over the entire period). The
spatial analysis identifies the main departure and arrival zones. Finally, the analysis on
usage habits studies the duration and distance of trips, the user’s driving patterns, and the
correlation with the public transport system. Results show that rentals are 36 % shorter on
average than public transport time, but only start to be selected when public transport time
is higher than 10 minutes.

(Habibi et al. 2017) analyzed vehicle availability data, sampled every 60 seconds,
between 2014 and 2016 from 3 different operators in 22 cities in Europe and North Amer-
ica. In total, they identified 27 million trips. They calculated usage variables such as the
average distance (geometric linear distance rather than traveled distance) and duration of
the trips, and efficiency variables such as number of trips per day and vehicle and the uti-
lization rate (ratio between the time cars are used in a day relative to the time they can be
potentially used, in percentage). The authors also studied when and where the vehicles are
mostly used. The analysis is mainly descriptive and shows very different usage patterns
among cities.

Authors in (Hardt and Bogenberger 2018) analyze the spatio-temporal behavior of a
FF-CS service in Munich’s business area, from April 2016 to March 2017, including over
100 000 customer rentals and discriminating 4 types of zones: residential areas, commercial
areas, satellite areas, and downtown areas. The studied variables were rentals, drop-offs,
and availability of vehicles. The definition of availability is qualitative (and normalized) as
the percentage of time in which at least one vehicle is supplied in a specified time interval.
Patterns were created by averaging these data by hour-of-day.

In (Boldrini et al. 2019) the authors used pickup and drop-off times of vehicles in 10
European cities. Data were collected on a 1-minute basis during a 45 days. The authors
studied the utilization rate for vehicles (defined as the number of daily trips per vehicle),
investigated how demand is related to sociodemographic indicators (using a multivariate
linear regression model), how that demand is distributed in space and time, and finally,
compared different demand forecasting algorithms, concluding that random forest pro-
vides the most accurate predictions, in most cases. The same dataset is used in our work,
although we analyze it in a different way.

An analysis of two FF-CS services in Madrid is presented in (Ampudia-Renuncio et al.
2020). This city is an interesting case study because, as already highlighted in (Habibi et al.
2017), Madrid has one of the highest utilization rates for FF-CS vehicles (21.6 %); in addi-
tion, the fleet is entirely electric or hybrid. Data in (Ampudia-Renuncio et al. 2020) were
acquired every 30 seconds between 28/11/2017 and 12/04/2018. The authors studied the
spatio-temporal distribution of trips for each day of the week. Each trip was also simulated
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in public transport (using Google Maps API) and the results show that there is prevalence
of the short-distance trips that are faster than the corresponding trip in public transport.

The study in (Alencar et al. 2019) gathered data for more than one year, between 2017
and 2018, in Vancouver (Canada). The authors compared three CS services: two-way, one-
way, and free-floating. They present spatio-temporal characterization of the service, sepa-
rating weekdays and weekends, and extract users’ habits patterns. Results show that one-
way and FF-CS services have similar characteristics and are mostly used for short/medium
period travels.

On the supply side, the study in (Miinzel et al. 2020) analyzes data from 177 European
cities to explain the car-sharing supply using 14 explanatory variables. The conclusions
show that car-sharing is popular in cities with a high educational level and many green
party votes, being less popular in cities with many car commuters.

Materials and methods
The need for a new metric

In car-sharing services, demand characterization is usually performed observing the
number of rentals, which is calculated as the number of trips that begin in a 1-hour time
interval. All data-driven studies described in Sect. Related work followed this approach.
Nevertheless, this magnitude has two limitations related to the temporal definition and the
representativity of the metric.

First, for a fine-grained knowledge (for example, one measurement every minute), the
number of rentals is not a good choice due to its high variability. As an illustrative exam-
ple, Fig. 1 shows the number of rentals per minute in Milan on Thursday 06/18/2015.
These continuous changes in the signal obstruct its interpretation, which forces researchers
to rely on aggregated values (1-hour periods or even entire days) that are then averaged
over a set of days.

Second, the number of rentals on its own, hides an extremely useful piece of infor-
mation to car-sharing companies: the duration of the rental. All operators within the

i VOO sl

00:00 06:00 12:00 18:00 00:00
Jun 18, 2015

Fig. 1 Number of car2go rentals (6¢ = 1 min.) in Milan on 06/18/2015 (Thursday)
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sector originally applied a very simple rate policy: a fixed minute rate. Therefore, the
key is not only the number of cars rented per unit time, but more significantly, how
long those cars keep rented. As an illustrative example consider a fleet of 100 cars that
are rented at the same time. The number of rentals would be equal to 100, suggesting a
100 % utilization. However, this would only be true if the duration of those trips was the
same. On the contrary, as each of those trips ends, the actual utilization of the fleet will
decrease 1 %, reaching 0 % if none of them is rented back. This fact would be ignored by
the number of rentals, but precisely highlighted by the utilization rate of the fleet.

By relating back to a basic service model, (Berezner et al. 1998) and just examining
the concept of the queued service structure, it is clear the actual rate of service uptake
is only one aspect that is important. The holding time, or more specifically the time the
vehicle is rented is a second equally important factor. In these types of queue models,
the queue occupancy is the observable that best characterizes these combined param-
eters. The rate encodes information relating to the need of the user and the holding time
relates to the intent of the user.

In this work we propose a new magnitude to characterize the demand for car-sharing
services, namely the utilization rate of the fleet, which we define as follows: the percent-
age of vehicles that are in use at a given moment. Figure 2 shows the resulting metric
resulting from the same data used in Fig. 1. This is in analogy with the queue occupancy
of the simple service models found in queuing theory. Analysis of this simple quantity
can give us a great deal of information pertaining to the requirements of the user base.

Notation

Let’s consider a car-sharing service with a fleet of N vehicles, and let (n, t, 67) be a tuple
denoting the rental of the car n, at time ¢, with duration 6¢. We divide a 24-hours day
into intervals of duration A = 1 min., so we have a sequence of discrete times, {tk}, for
1 <k < 1440.

We define the utilization of the fleet as

0 1 1 1
00:00 06:00 12:00 18:00 00:00
Jun 18, 2015

Fig.2 Utilization rate of the car2go fleet (6 = 1 min.) in Milan on 06/18/2015 (Thursday)
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Uylt) = card({(n,1,81) | t <1,y and 1 + 61 > 1,.}),

where the subscript , refers to a specific day. Note that the value of U,[#,] represents the
number of cars which are in service that day during the interval [tk, lep1 )
Using percentages, we have the utilization rate of the fleet:

U,lt
ug[t,] = 100 x Ydtd

(%).
Finally, we analyze mean values of the rate by averaging measurements in the same time
slot of different days. In these cases, we will use the following notation:

(ugltigen,

where D, is a wildcard symbol that represents a set of days; for example, D, ,, will refer
Mondays, D,,,,, Will indicate workdays, etc.; in the most general case, we will use D,

when we consider all the days included in the database.

The dataset

The dataset used in this research was provided by the National Research Council of Italy
and it contains information about car2go pickup and drop-off times in 10 European cities.
car2go is one of the main FF-CS operators.

The data collection process was as follows. Custom code was developed to interact with
the car2go public API: this software sends a query every minute, receiving a JSON file
with information about the available vehicles, that is, a snapshot of the cars that are parked
and ready for rental, at that specific moment. Note that the frequency of the data capture
directly impacts on the error in the duration of the trips: the higher the frequency, the lower
the error. On the other hand, increasing the frequency adds complexity to the data capture
software. Considering these two opposite limitations, we chose capturing data in 1-minute
windows as a compromise.

The process ran for several days. The collected data provide the following information
for each car: timestamp, vehicle identifier, geographical coordinates (longitude and lati-
tude) and some additional fields such as the type of engine (electric or not), the amount of
fuel remaining (in percentage) and the state of cleanliness of the vehicle (both internal
and external). For electric vehicles, data also includes information about whether the car is
charging or not, in that instant.

Comparing successive snapshots offered by the JSON files in these data (namely “raw-
DB-17), we can generate a second dataset with information about the movements of the
vehicles. Consider the following sequence of events: a car is seen at location A at time ¢; for
times ¢ + 1,7 + 2, ... the car disappears; at time ¢ + n the car reappears at location B. So we
can infer that the vehicle was picked up in (A, ) and returned in (B, ¢ + n), and, therefore,
the car was rented for n time steps. This #rip produces an entry in a new database (named
“raw-DB-2”). In this case, the information is organized as follows. For each car rental, city,
vehicle identifier and trip time are recorded; in addition, both for the pickup and for the
drop-off of the car, timestamp, coordinates, type of engine, remaining fuel, cleanliness sta-
tus and whether it is charging or not (when applicable) are also stored. Finally, we add two
additional fields: the trip time and the trip distance returned by Google API for the given
origin-destination pair, corresponding to the trip.
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Data was collected from 17/05/2015 to 01/07/2015 in nine of the cities, thus collecting
44 entire days. However, we removed the data registered on 24/06/2015 from the analysis,
due to a long period of disconnection in the API, which altered the actual operation of the
FF-CS service. On the other hand, data from Munich was captured from 11/03/2016 to
13/05/2016, obtaining 62 entire days. See Table 1 for details.

One of the main challenges in transforming data into information for smart cities is
managing the data quality (Lim et al. 2018). Consequently, data were properly preproc-
essed to eliminate invalid entries (mistakes in reported GPS coordinates). In addition, a
4-hour filter was applied on the maximum trip duration, removing records in the dataset
with abnormal characteristics corresponding to failures in the data recording system of the
FF-CS system (some records have origin and destinations separated hundreds of kilom-
eters, which suggests potential errors in the GPS operation) or vehicle maintenance tasks.
Consequently, the resulting pre-processed database included trips with durations between 1
minute (time window of the data capture) and 4 hours. All records falling outside this time
interval were considered outliers. The final number of trips and cars in each city is shown
in Table 1.

Results
Profiles by type of day

Figures 3 and 4 show the average utilization rate of the fleet (a measure every 1 minute),
for each type of day and for the ten cities. Gray shadings show the standard deviation
around the mean (in blue). Boxes indicate the minimum and maximum values, as well as
the mean and standard deviation, for all values obtained in each type of day. Holidays have
been analyzed separately.

Let us briefly analyze these results. First, we observe low percentages; note that the
averages are always below 14 % and the maximum reached a 36 % utilization. The reason
behind these low numbers may be the peculiar offer of car-sharing companies: in order to

Table 1 Summary of the dataset

City Entries First entry Last entry Days*  Trips Cars
# # # #
Amsterdam 51277 17/05/2015 02:00:00 ~ 01/07/2015 13:44:25 43 49052 349
Berlin 225808 17/05/2015 02:00:00  01/07/2015 13:36:12 43 220099 981
Florence 19355 17/05/2015 02:00:01  01/07/2015 13:41:20 43 18509 198
Copenhagen 12610 17/05/2015 02:01:03 ~ 01/07/2015 13:29:02 43 11842 194
Milan 158 068 17/05/2015 02:00:01 ~ 01/07/2015 13:47:44 43 153833 686
Munich 82522 11/03/2016 01:00:00  13/05/2016 13:27:04 62 80738 499
Rome 101482 17/05/2015 02:00:01 01/07/2015 13:41:20 43 97393 584
Stockholm 16834 17/05/2015 02:00:01 01/07/2015 13:41:21 43 15364 250
Turin 25578 17/05/2015 02:00:01 01/07/2015 13:45:29 43 24764 299
Vienna 146.516 17/05/2015 02:01:02  01/07/2015 13:43:23 43 141799 829
840050 449 813393 4869

* number of usable full days
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Wednesday Thursday. Friday. Saturday Sunday Holliday
[00,264] 7.1+ 50 [00,307] 82+ 55 [00,218] 76+ 48 [00,238] 83+ 5.1 [00,284] 9.0+ 59 100,198) 7.7+ 47 [00.20.1] 62 40 [03,158] 6543
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(a) Amsterdam.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday Holliday
[05,321] 109+ 6.1 [08,320] 112464 [08,303] 117 + 63 [08,295) 123+ 67 [07,288] 132+ 7.0 [14,27.2] 133+ 7.0 3 [13,261] 105+ 59
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(b) Berlin.

Wednesday Thursday Friday Saturday Sunday Holliday
100,139] 3.1 425 100,155] 3.1+ 28 10.0,17.5) 3.7 + 3.0 100,124) 33+ 26 [00,108) 33+ 25 [00,11.3) 32424 [00,98] 2218 [00,72] 2119
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(c¢) Florence.

Monday Tuesday Wednesday Thursday Friday. Saturday Sunday Holliday
100,182] 4.9+ 34 100,162] 4.9+ 34 10.0,187] 6.0+ 39 100,17.7] 65+ 36 [00,17.2) 54+ 35 100,126 39+ 22 [00,126] 34 = 20 100,86] 28 =20
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(d) Copenhagen.

Tuesday Wednesday Thursday Friday. Saturday Sunday Holliday
[03,303) 108 63 10.1,36.0] 128 + 8.0 100,35.1) 130+75 [0.1,325] 133474 103,286] 13.1 468 [1.3,245] 109+ 54 [03,207] 82 48 [00,144] 6234
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(e) Milan.

g

Fig.3 Average utilization rate of the fleet (A = 1 min.): profiles by type of day in each city. Part I

provide a high-quality service, the availability of cars must be spatially distributed. Given
the size of the cities under study (mainly large metropolis), fleets must also be large, which
finally results in a notoriously high number of unrented cars throughout the day. Second,
utilization values are relatively high at night, specially between 20:00 and 02:00, when
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Wednesday Thursday. Friday. Saturday Sunday Holliday
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(a) Munich.
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(b) Rome.
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(c¢) Stockholm.
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(d) Turin.
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(e) Vienna.

g

Fig.4 Average utilization rate of the fleet (4 = 1 min.): profiles by type of day in each city. Part II

mobility is usually rather low in other transport modes. Third, the use of the service, on
daily averages, does not show significant differences among workdays and weekends. In
fact, Saturday is the day of the week with the highest utilization in Berlin (see Fig. 3b).
High utilizations at night and on weekends seem to indicate that the use of car-sharing
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services is closely linked to leisure trips, as pointed out by several researches (e.g. Boldrini
et al. 2019).

Although there does seem to be a certain base time-pattern, there are obvious differ-
ences among individual type of days. For example, in the case of Rome (see Fig. 4b) the
behavior on Wednesdays is different from that on Thursdays; furthermore, these two days
show a significantly dissimilar variability. This same observation applies to Mondays com-
pared to Tuesdays in Milan (see Fig. 3e).

The profiles for each type of day are very different from each other:

e  Workdays: In general, from Monday to Friday there are two peaks, one in the morning
and one in the afternoon (although Milan sometimes shows three peaks). It is notice-
able that the afternoon peak is remarkably higher than the morning peak. This is a dis-
tinct feature of car-sharing services (Boldrini et al. 2019), which greatly differ from the
usual behavior in other transport modes like public transport (Yap et al. 2018). For their
part, Copenhagen, Stockholm and Turin present a fairly flat demand profile throughout
workdays. This behavior may be related to the performance of the service because in
the first two cities, the car-sharing operator has currently stopped providing this ser-
vice.

o  Weekends/Holidays: Underlying pattern is a wave-shaped curve (a deep valley followed
by a prominent mountain); on this base-line, some additional variability is added in the
segment with the highest utilization, mainly on Saturdays; see, for example, the cases of
Munich (Fig. 4a) and Vienna (Fig. 4e).

Global profiles

Figure 5 shows (u,lt]),ep,, for each city. The statistical characterization is shown in
Table 2. This measurement, the average utilization rate of the fleet, is postulated as a KPI
in FF-CS services. It is a simple but powerful analysis tool. Let us show its validity.

On the one hand, it is a clear and precise measure of the service demand, which gives
an idea of both its magnitude and its temporal distribution. By simple visual inspection,
we can easily identify the times of day when the number of rental cars escalates and when
it declines precipitously. Let us observe the case of Milan: almost as many cars are rented
at two in the morning as at eleven at noon. The highest peak in demand occurs soon after
22:00. The case of Copenhagen is very different: the demand at night is comparatively
much lower. In this city, the metro runs 24/7, which may have a direct impact on the dis-
tinct demand profile we observed relative to the rest of the cities.

On the other hand, this KPI enables the operator to quickly calculate the income, and
therefore, the viability of the service. Using only one figure (the mean of the KPI), it is
possible to immediately calculate the turnover. Let’s see how.

The formula for calculating the total income in a year is:

I=pux %ﬁﬁs X wN(euro) where pu is the mean of the KPI, z is the price per minute,
and N is the size of the fleet, as usual.

Taking the city of Berlin as an example, | — X M X T

100
Price per minute varies slightly from city to city, but we can take 0.3€/min as a repre-
sentative value of the fare in Europe.
Table 3 shows the results of the calculation for every city. In addition to the annual
figures, numbers are provided per vehicle and per day. We can draw some interesting

x N (€),
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— — —Copenhagen
Milan
20 F - |— — —Munich
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— — — Stockholm
Turin
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1 1 1 1 1 1 1
10h  12h 14h 16h 18h 20h 22h
Fig.5 Average utilization rate of the car2go fleet (4 = 1 min.) in each city
Table 2 Statistics of the rate City Min Max. Mean std cv
Amsterdam 0.0 30.7 7.7 5.1 0.67
Berlin 0.5 32.1 11.7 6.4 0.55
Florence 0.0 18.7 4.7 33 0.70
Copenhagen 0.0 17.5 3.1 2.6 0.83
Milan 0.0 36.0 11.4 6.9 0.60
Munich 0.0 24.0 5.9 4.2 0.72
Rome 0.0 32.0 9.3 5.8 0.63
Stockholm 0.0 13.2 3.1 2.5 0.83
Turin 0.0 13.0 38 24 0.65
Vienna 0.1 31.2 9.1 53 0.58
Table 3 Income figures City €/day €/year €/car-day €/car-year
Amsterdam 11610 4237658 33.27 12142
Berlin 49672 18130221 50.63 18481
Florence 4016 1465897 20.28 7404
Copenhagen 2588 944769 13.34 4870
Milan 33930 12384526 49.46 18053
Munich 12710 4639328 25.47 9297
Rome 23445 8557305 40.14 14653
Stockholm 3305 1206308 13.22 4825
Turin 4847 1769276 16.21 5917
Vienna 32423 11834294 39.11 14275
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conclusions. The two cities in which the service has disappeared (Copenhagen and Stock-
holm) show an average daily income per car of approximately 13€.This means that each
vehicle is operating less than 45 minutes a day. In this respect, the metric we proposed
could have been used as a support decision tool to forecast the low levels of demand of this
service, which eventually made this FF-CS unfeasible.

In regards to vehicle usage, let us remark that, on average, a private car is used only 5 %
of the time (Shoup 2017), that is, 72 minutes a day (0.05 x 1440). Translated into money,
considered a 0.3 € fare, this time is equivalent to an income of 21.6 € per car and day.
Thus, this figure could be considered as the threshold that differentiates sustainable sys-
tems from those that are not, from the point of view of social efficiency. A service may be
economically viable but it would be failing to contribute to the sustainability of cities if it
results in an increase on the number of stopped cars that occupy parking spaces on public
roads, thus wasting a scarce public resource. It should be noted that only six cities out of
the ten successfully meet this requirement.

This KPI can also support the definition of new fare policies. Traditionally, car-sharing
companies have set a simple pricing structure: the rental price is directly proportional to
the rental time. Nevertheless, they are lately beginning to apply variable fares, based on
certain parameters: surge pricing and proximity-based or demand-based pricing, to name
a few. Since utilization precisely characterizes demand, it would undoubtedly contribute to
developing pricing algorithms that take user behavior into account.

Conclusion

FF-CS services are an increasingly used transport alternative in large urban centers, and
it will be an efficient option to the extent that it achieves to populate the streets with fewer
and cleaner cars.

User characterization is an intrinsic part of modern information systems and service
provisioning is fundamental component of the communications industry. By combining
some of the more basic features of these approaches with the now available information
about real services, we have demonstrated that is possible to better characterize the user
base and hence provide tools to evolve the service to be more profitable and more usable.

In combination with previous ideas relating to service modeling we have demonstrated
that there is the opportunity to mine the data for easily understandable user characteristics.
Thus demonstrating the possibility of further improving the modeling and planning pro-
cess, as well as allowing the redesign of the service components.

The improvement of the design process will be key for the convergence of three flour-
ishing technologies and markets in our cities: automation, electrification and mobility on
demand (MOD) or mobility-as-a-service (MaaS) strategies (Shaheen et al. 2019). The uti-
lization rate of the car-sharing fleet will serve as the basis for the analysis of the viability
of present shared-mobility services and the optimization of their operation. Furthermore,
given that this metric represents the actual utilization of the fleet and its evolution in time,
it will play an important role in the definition of future multi-modal services for the trans-
port of people and goods. In addition, let us remark that the utilization rate of the fleet can
be applied to any type of vehicle: from traditional human-driven cars to novel unmanned
air drones.

Although only applied to the data at a city level, geo-spatial analyses would provide
to opportunity to analyze demographic differences and because this is an era of big data.
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Merging the data captured from the service use with that of the user data (although we
do not have access to such data) would greatly enhance the user profile of such services
enabling the tailoring of such services almost to specific individuals. The joint analysis of
these data sources will eventually provide meaningful information to design user-centric
mobility services, which is a fundamental principle of the MOD approach (Shaheen et al.
2020).

Consequently, the utilization rate of the fleet provides useful insights for the optimiza-
tion of the design and operation of current and future shared-mobility services.
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