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1. Problem and research questions

The freedom offered by cars is an extremely valued asset for the drivers. Howev-
er, excessive car usage leads to congestion and related emission problems. Car
occupancy rates in Western Europe are nowadays stabilizing around 1.54 per-
sons per vehicle, and these values get down to 1.1 if only commuting travels are
considered [1]. Sharing travels (carpools, carsharing, etc.) has been often pre-
sented to the travelers as an effective way for solving energy and emission prob-
lems already from the energy and fuel crises since World War IlI. Sharing travels
and traveling modes (cars, bikes, etc.) are an effective way to reduce the number
of vehicles on the road by increasing occupancy rates, contributing to relieve
networks from congestion, and in turn saving fuel and reducing pollution. This is
one of the reasons why more and more attention is given to travel sharing ser-
vices in the last years, both from research and from the public and private ser-
vice providers. Promoting collaborative and shared mobility is a goal of critical
importance for both the society and for the individual traveler. Societal benefits
are expected in terms of total cost savings and better utilization of the road ca-
pacity through higher vehicle occupancies. With the current world’s economic
crisis, fuel costs and other car-related taxes have increased dramatically, and
owning a car is considered by a great portion of the travelers a luxury. With trav-
el sharing options, car users have the possibility to share car expenses such as
fuel costs and tolls, with great reductions of individuals’ and total system costs.
However, these systems will effectively attract car users only when they will be
able to substitute the flexibility and comfort of the car in their weekly activity-
travel agenda.

One of the main drivers of this research is therefore to acquire insight into the
mobility needs and activity-travel patterns of the users, in order to design solu-
tions offering the flexibility and comfort offered by privately owned cars with
equally flexible, but cheaper and more sustainable collective transport systems.

Different forms of sharing concepts have been proposed in the past, both in the
form of private and public services, and involving different modalities (cars, vans,
bikes). We ma subdivide these services into travel-sharing and mode-sharing sys-
tems. While in travel-sharing (e.g., carpool) the main requirement is the joint use
of, e.g., a car (so traveling options such as routes and departure times must be, at
least partly, in common), in mode-sharing the mode (car, bike, etc.) has a concur-
rent use, i.e. the requirement/target is not to increase occupancy rates by partly
sharing travel choices, but to intensify the car usage.

Despite the existence and fast market penetration of travel-sharing services and
the development of optimization algorithms capable of handling the complexity
of matching rides, long run assessments are not yet reported. Exceptions include
studies that evaluated travel-sharing matches of individuals using different pre-
ferred departure times ([2-3]), or that quantified the reduction in travel expens-



es when sharing rides [4-6]. The impact of carpooling on traffic is widely accept-
ed and this concept is very often incentivized by travel management solutions
such as the US high occupancy vehicles (HOV) lanes, or in the form of dedicated
parking spaces. Carpool services can be offered on a large scale, sometimes in
collaboration with companies, in the form of, e.g., vanpools, or as demand-
responsive solutions such as dial-and-ride, which often complement public
transport services in areas where the demand is not sufficient or regular to justi-
fy a conventional scheduled transport service.

2. Methodology, research strategy

In this paper, a general modeling framework is proposed using a discrete choice-
theoretical approach with the following main features:

1. A given population of users can decide in which of the three groups he/she
wants to belong depending on the specific activity characteristics and other
players’ decisions;

2. A Nested Logit model is adopted to evaluate the costs and decisions of each
group in an asymmetric way, to account for the close link between car-
suppliers and passengers costs;

3. A policy maker can define whether to introduce incentives or pricing in the
system to influence players’ decisions, thus achieving a given system perfor-
mance target.

The algorithm developed to solve the mathematical problem is challenging in
many aspects, for instance existence, convergence and uniqueness of equilibrium
is far from trivial, given the fact that travelers characteristics change when they
switch group. Great attention is also given to the calculation of the externalities,
i.e. changing group for instance from car-sharer to solo-driver increases his/her
own costs in terms of fuel consumption for the sake of higher flexibility but also
may reduce the opportunities for passengers to find a car-sharer and then force
them to take their own car, thus increasing car usage and eventually congestion,
which then will affect the same solo-driver who will experience extra travel time.

The main goal of this paper is to systematically identify the conditions for which
ridesharing can become a competitive mode, and which policies can be proposed
to facilitate the penetration of ridesharing in a transportation system. To make
this analysis possible in a quantitative way, we need to develop a specific model
for this transportation system. This is the main scientific contribution of this pa-
per, together with the sensitivity analysis of some of the most relevant parame-
ters of the model.

3. Major findings

Figure 1 gives an idea of how this model can be used to design and assess a travel
sharing service. The example refers to a one-route case, where there are three
types of users: solo-drivers, who do not want to participate to the travel-sharing
option, suppliers who offer their car to passengers. Ridesharing (both drivers and



passengers) participants have extra costs wrt solo drivers, namely loss of flexi-
bility costs (detours, change in departure times,...) and loss of comfort. On the
other hand they share travel expenses (fuel, tolls, etc.).

If travel expenses are not equally shared between driver and passenger (or at
least is not in the range [50-60]% paid by the passenger, the total cost at equilib-
rium will dramatically rise, as more ridesharing participants will prefer not to
participate to the ridesharing campaign. Similar results in the study have been
found for instance using different incentives paid by the government, as well as
different elasticity of users towards detours and loss of flexibility.

70 T T T T 8000
\ Drive alone
7000 :
60k . | Supplier
\ 6000 Passenger ||
) < T~
- 501 £ 5000f <
T ’ 4000 ]
8 40 ) P 8 . h
//
> 3000~
30- g
2000
20 r r r r 1000 r r r r
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Fraction paid by the passenger Fraction paid by the passenger

Figure 1:Impact of different fraction of the travel costs paid by the passenger. Left picture
shows the total travelers’ (generalized) cost by group at equilibrium, while the right pic-
ture shows the different fraction of the travel costs paid by the passenger

This is a highly simplified example, which served as proof of concept. The chal-
lenge of this new methodology is to model the structure of the decision making
in a more realistic way, i.e. the travelers can decide whether to participate or not
in the system, which means the users’ classes are not predefined but are a result
of the equilibrium of the system, and also the matching probability must be con-
sidered explicitly.

4. Takeaway

The target of this research is to find the key factors that incentivize modal shifts
towards eco-mobility options, and in which form information and services
should be provided to the users in order to support them with the most efficient
choices. Without sufficient insight into these research aspects there will be the
risk to develop services that will not manage to shift part of the demand especial-
ly from less sustainable alternatives, primarily the car mode, to collective and
more eco-friendly transport options. Acquire insight into travelers’ behavior and
values for travel sharing modes, learning and feedback mechanisms able to ab-
sorb and extract the relevant activity travel patterns is necessary, since the effi-
ciency of these modes of transport strongly depends on how they are organized,
and in turn this can be achieved only knowing the activity-travel agenda of the
users. By acquiring insight into how travelers value cooperative mobility options
in relation to more conventional modes of transport, we expect to have a unique
database that will allow to optimize the structure and organization of these new



services, e.g. to advice when to incentivize ridesharing systems, or when bike- or
car-sharing options would be more appealing and where to strategically locate
the stations. Moreover, the research is expected to result in a new behavioral
modeling theory which will enable transportation planners to evaluate different
scenarios involving travel- and mode-sharing solutions.
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