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Abstract

This paper report on ongoing work aimed to exploew/ solutions to urban traffic problems.
The use of collective taxi services at a largees@alproposed. It is seen, if used and properly
integrated together with other flexible systemsa asean to reduce private car travel. The paper
discusses motivations and possible factors of ssca# the system, and sketches the
characteristics that such a service should haveredder, the problem of estimating the
potential of a new transport option in a reliabl@yws confronted. It is suggested that the use of
agent based microsimulation might be appropriate flanned implementation in an existing
modelling framework of this kind, MATSIm-T, is alsiescribed.
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1. Introduction

The search for solutions of the growing transpataproblems of metropolitan areas is a
challenge for researchers of many different digegd. Rising traffic volumes involve an
increasingly diverse travel demand which requiresoae efficient use of environmental and
financial resources. This paper reports on ongaingk aimed to explore the use of on-call
collective taxi service as a mean to mitigate urtsafiic problems. Collective taxis - or more
in general -demand responsive transport, are spathdimplemented in western countries;
but their application is usually intended to anstesome special needs or to be used in some
special area. Demand Responsive Transport is goarg interest to the scientific and policy
making community. The widespread diffusion of sdewhnologies, such as GPS devices and
mobile phones, open new perspectives for DRT systamd might help to extend their use to
new categories of customers. Most of the recesrtalitire on this subject goes in this direction
(Khattak and Yim, 2004; Braket al, 2007). However, none of these studies, mayble avie
exception (Cortes and Jayakrisnan, 2004), is rdayiypg to enhance the concept of DRT
envisaging large scale use of the system. On thgarg, the main claim of this work is that
the use of such services at a large scale coupdtbekduce the use of private cars. The tasks
to be achieved in order to deliver such a conclugice multiple. First, it is necessary to
explain why a large scale collective taxi systemuldobe desirable and it is worth to be
evaluated for such application. Second, the charigtts of the collective taxi system and its
operator have to be defined. Third, the reasonstlamgossible factors of success must be
discussed. According to that, some possible futaemarios need to be proposed. Fourth, we
need to find, or to create, a modelling framewofkoh allows the assessment of its practical
feasibility and potential. Fifth, the chosen modas to be run and the potential of the
systems, with the characteristics previously sledchand its effects on the whole
transportation system, are to be estimated uneedifferent scenarios’ conditions.

The work presented here deals with the first fduhe listed tasks. Motivations lying behind
the idea of a collective taxi system at large s@ke related to environmental and social
issues. These arguments are presented in Sectidhetaxi system which will be modelled
would deliver mainly two type of services, shoipsrwithin a limited area not well served (or
not at all) by public transport, with the goal @iking such area with the public transport
network; longer trips on fixed or slightly flexibl®utes where the destination is not well
served by public transport. This is described inrandetails in Section 3. Some of the
mobility habits of the population might help to elehine the success of the system or at least
suggest his theoretical feasibility. These factmes discussed in section 4. On the modelling
side, an agent-based micro-simulation approachiapgsed. An already existing simulation
tool, MATSIm-T (Multi-Agent Transport Simulation Bikit, Balmer, 2007) will be the basis
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for this work. This is the subject of Section 5,il@hn Section 6 some conclusions and the
outlook on the future work are presented.
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2. Collective taxi at a large scale: motivations

It is well known that the current transportatiorstgyn imposes a heavy burden on society in
terms of energy consumption and external costs as@tcidents, noise emissions, pollution,
space consumption etc. But it is often neglectad ttis system also entails social exclusion,
and that it is for different reasons inaccessiblezdrious categories of people. The idea of
collective taxi at large scale should be seeneteof an effort to rethink urban travel and try
to mitigate such problems. In particular, the gisato find ways to substitute private car
travel. The taxi system would be part of a glohastem where also other services, like car-
sharing, car-pooling, bike sharing, etc., are alsployed at large scale. The integration of
such systems should make realistic the hypothedse major shift from private oriented,
individually driven, urban transport; to a moretsirgable multi-modal shared transport.

The current discussion on car pollution mainly ®&s on car emissions in the air, in
particular on oxygen dioxide emissions. Howeverhas been stated that a large part of
environmental cost related with the use of thearar coming from its production, and not
depending on its travel. In fact according to sorasearchers (Umwelt- und Prognose-
Institut Heidelberg e.V., 1993), the largest pdrthee pollution related to a car life cycle is
coming from its manufacturing. A smaller, but na&ghgible, contribution comes from car
disposal at the end of its life cycle. This is agaeason to focus not only on emissions
reduction (either directly reducing car emissiongndirectly reducing car travel), but also on
the reduction of the number of cars overall. Adiyahe reduction of the overall number of
circulating cars is probably the main objectiveb® achieved by the proposed system, but
possibly also the main barrier to be overcame. rAi<ca long term investment in mobility and
thus, in a way, a commitment to use it for traveitéad of other modes. This behaviour has
been described in Ciaat al (2008). Indeed, using the car, the investor i®rézing the
initial investment. The investor therefore, usimptner mode instead of the car, is preventing
his investment to pay off, which is in principleadgst its interest. However the situation has
not to be seen as static and immutable, some ettpariences, like Mobility Car-sharing in
Switzerland (Mobility, 2009) or Velib (Velib, 2009 Paris, France, demonstrated that when
a credible alternative to private car travel isecéd, a major shift in persons habits is
definitely possible, even if not necessarily anyeasd fast, path.

Links between transport and social exclusion han likscussed, among others, by Hine and
Mitchell (2003). Such problems are much strongeNorth America, due to a weak public
transport system and a development style stronggnted toward private car mobility.
However such problems are not aliens to Europeeietses either, and could be addressed by
a system like the one proposed in this work.
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3. The service

It was mentioned that the taxi system should be& see part of an integrated system of
different innovative transport options and tradiabpublic transport. If the system as a whole
would be conceived to respond to most of the miytleeds of the population, this particular
service would have very specific targets. The firgbortant target are individuals living in an

area where public transport is not well developedlumsent, and service that we want to
model avoid to drive in traffic, possibly a morendortable trip (maybe possible to work),

more cost effective than car even if more expensiae public transport, more practical than
public transport

As already reported, the taxi would have two maincfions:

Proximity transport, conceived to link the startfilgation with the nearest point of the
public transport network. The access to the netwarkld become more convenient
also in areas where public transport is not diyeatiailable.

Urban flexible transport, conceived to act more lékpublic transport service but with
more flexibility in terms of schedule and path dmiing a destination which is not
well served by public transport.

Some of the characteristics that the system thatare to model would have are:
The service is available 24h per day, 7 days a week

The vehicles are ranging from large minivans toimises (approximately 6 to 15
passengers)

The service works on an on-call basis, without dixstations, it can be reserved in
advance or on the fly.

Taxis dedicated to the proximity service are baaetbcal stations which are well
connected to the public transport network and mlanea way that their catching area
is optimized.
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4. Possible factors of success

Here is proposed a discussion on possible factbrsuccess of the proposed system in
Switzerland. Note that here for success is intertiatl the system would be able to draw
customers from the group of individuals presen#ing the car or, otherwise formulated, car
trips would be substituted by collective taxi trighis is important to specify because the
number of potential users could also include irdirails shifting to collective taxi from other
modes, included walk, bike or public transport, ethhis not the goal of the deployment of
such a system. Exceptions are categories whicln@relimited in their mobility and which
would gain new access to the transportation sysBame of the arguments are supported by
analysis of Microcensus data (ARE and BFS, 2006).

4.1 Last mile travel

A category of persons which are potential custonoérg collective taxi service are persons
using the car because their “last mile” of traether on the home-end or on the other end of
the trip is not well served by the public transgaftvays or during a specific time of the day).
In this case the service could be seen as a meaettdo the public transport network,
replacing a car trip previously made to do so,onean to perform the whole out-of-home
tour, replacing the whole car tour if it is happenon a relatively small area. A high number
of such trips in some specific area would suggdatger potential for the taxi system in its
vicinity transport application. Unfortunately frothe available data it is hard to say how
many such trips and tours exist in Switzerland,Nherocensus doesn’t report why a specific
mode of transport has been chosen in a specitiat®nh. However, in some literature about
car sharing (Millard-Ballet al, 2005) it is reported that the number of suchpstrithat
especially in sub-urban areas, is relatively high.

4.2 Travel on aregular basis

Persons travelling on fixed routes on a regularsba® the most obvious potential customers
for a collective taxi system. It is not a coinciderthat many attempts to deploy car-pooling,
which is conceptually very similar to collectivextahave been oriented to groups of
commuters working in a same firm or in the sama &ifee main difference is the fact that the
driver is not a professional but driving his owrnr ¢a go to work or another activity).
According to Microcensus a very consistent numbieglobal trips are Home-Work and
Work-Home trips (Fig.1). Obviously, it doesn’t meget that a potential for the system is
there, but at least it is possible to investigaies imany of such trips could be travelled with
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such a service, and which of them could be mateineldoe performed on a same vehicle. The
real potential among this category of individuatswd depend...

4.3 Car occupancy

The idea of collective taxi can be seen as a waypsove the efficiency of the transportation

system in terms of transported persons per velpetajiding a service which is more flexible

than traditional public transport and cheaper ttlassic taxi services. A low value of average
car occupancy would suggest that there is roonptwnize the current system. According to
Microcensus (ARE and BFS, 2006) the average canpmowy in Switzerland is 1.6 persons
per vehicle, and more of 70% of all car trips aewelled by the driver alone. Clearly, this is
not enough to affirm that all individuals travefiimlone would be ready to use the collective
taxi service, but it suggests that the potentiattics kind of optimization is there.

4.4  Multimodality

Travel in urban areas, at the present, is basiciltour based (see Ciat al, 2008). A
subtour is any sequence of trips starting and gndirthe same point. From the Microcensus
it is possible to see that most of these subtawrs$ravelled with one single mode of transport
or, in other words, very few of them are multimodghe main reason is the predominance of
travel with private mobility tools (more than a half trips in Switzerland, with a large
predominance of car travel). If one is startingrirbome with a car it is clear that in the large
majority of cases this subtour will be closed watltar trip to home. The idea of offering a
collective taxi service has to be seen as stepardirection of multimodality. The integration
of such system in a larger system where for exarajgde car-sharing and bike-sharing are
included would help a shift from sub-tour basedrigp based mobility. From sub-tour based
to trip based mobility.

4.5 Car availability

The number of persons having access to a car itemesountries experienced an incessant
growth in the last decades (reference). Eveniiéaent time this growth was slowed down by
the economical crisis, it is a matter of fact ttied large majority of the Swiss population has
access to a car. The Swiss Microcensus reportsathait 80% of households own a car.

There lies probably the most critical point for theccess of the collective taxi system and,
indeed, also for the success of other innovatiexjlle, transport systems implemented at a
large scale. It has already been showed that nytoibls are bought by individuals according

to a “planned behaviour” (Ciaet al, 2008). Individuals buy a car if they think thhey will

6



Swiss Transport Research Conference
September 9 - 11, 2009

need it, and since this acquisition representsge lmitial investment it generate the necessity
to amortize this investment. Therefore, the ditbasof other systems at large scale has there a
barrier. However it can be argued that the presafca credible alternative system can
influence in the long run this planned behavioud,ahus, influence the car ownership rate,
has it has been shown for example in the casereftaing (Millard-Ballet.al, 2005).
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5. The proposed modelling framework

The modelling of a large scale collective taxi systis challenging. Traditional transport
modelling does not seem to be well placed for threcerned problem, having known limits
assessing the potential of new transport modesmergl and of innovative transport systems
in particular (Shaheen and Rodier, 2004). A kepwercome such limits is to have a more
precise representation of the service. This mefmsexample, high spatial and temporal
resolution because access time to the servicduadamental parameter in customer choice.
An explicit representation of trip chaining of intluals would allow detecting who could
meaningfully use the taxi service in his/her outhiofne tour. For this, a representation of
travel at the individual level with explicit modely of modal choice would be necessary. The
representation of individual travel needs wouldHar increase the precision of the model
(shopping, work, leisure, etc.). Here, an agenetasicro-simulation approach is proposed.
This technique allows to model the system at hyggtial resolution, but also to consider the
behaviour of single individuals. Agent based madglis a suitable tool to implement direct
interaction between demand (agents) and supplyeftie taxis) and, therefore, predict the
potential of a large scale collective taxi systemd &valuate its operational feasibility. An
already existing simulation tool, MATSIm-T (Multigent Transport Simulation Toolkit,
Balmer, 2007) will be the basis for this work. MAIRSBis an agent based and activity-based
traffic microsimulation tool, which produces indivial daily transport demand as output. The
tool will be extended to represent all the différaspects of the new system.

5.1 The taxi operator agent

Every actor of the transport system, both on thgpluand the demand side, can be simulated
in MATSIm-T according to the agent paradigm. In therent version each traveller of the
real system is modelled as an individual agentemié supply side is modelled through fixed
constraints. A first effort introducing an agentaeting for supply side actors of the system
is Ciari et al. (2008). In the context of this project the taxiecgor will be modelled as an
agent. The operator agent is the decision makangakre control of the whole collective taxi
system and is able to modify its characteristicwili be provided with attributes, knowledge,
one or multiple objectives, a strategy to pursua inethodology to implement this strategy
and a group of allowed choices. The operator ag@fjective function can be assumed to be
more or less complex. In the simplest case thetageunld seek to maximize the number of
customers, or its profit or the social welfare. Km@wledge of the agent - similar to those of
individuals - is the memory of some previous scame the corresponding configuration of
the service. In the case that costs are not pathefobjective function of the operator a
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posterior evaluation of the financial feasibilithoslld be performed. The dimensions on
which the agent will be allowed to act are:

. The fleet (number of cars and composition)
. The stations (number and location)
. The price schedule (price level; distance ane titependency)

The pricing structure (prices for the differentvsees, special conditions, etc.) will be part of
the scenario constraints and not be managed bggiet. This is basically to avoid excessive
complexity of the system.

The whole system can be optimized with an evolatgnapproach. The operator would

change some of the characteristics of the carisfpacheme in order to try to obtain a better
score. It would be possible to isolate also theatfbf a single decision dimension, annulling
the possibility to modify the others.

5.2 The mode choice module

Until now the mode choice module was not optimibeti fixed at the start of the simulation.
The simulator assigned a transport mode to eadht @gpending on the socio-demographics
characteristics and distances involved. The aVailatbdes were Car, Public transport, Bike,
Car passenger and walk; taxis of any kind werecooisidered as an option. A new mode
choice module is being introduced at the optimaratstage of MATSIm, in some parallel
work. This allows agents to consider different mloaptions during the iterative optimization
process. With this new module it is in principlespible to vary the characteristic of different
modes and observe the reaction of agents to su@tigas. In particular, taking into account
monetary costs explicitly, agents can seek the mami satisfaction within their budget
constraints. This way the potential of new transpeptions, like a collective taxi systems, can
be modelled.
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6. Summary and Outlook

This paper reported on ongoing work on the possibdf implementing a collective taxi
system at large scale in an urban area. This weodnia very early stage and results are not
yet available. The motivations to try to implementh a system have been reported as well
as the type of the service that will be modeledarécial point is the modeling methodology,
since the evaluation of a new transport optioraviays problematic with traditional transport
planning techniques. Here the opportunities opdnethe use of an agent based approach
have been discussed, the implementation steps whittbe undertaken using an already
existing traffic simulation tool, MATSim, have bedascribed.

In the near future the first implementation effaiitl be directed to the enhancement of the
mode choice module of MATSim. The collective taption will be offered to agents with
some predefined, fixed, characteristics. This alibw for a first, even imprecise, estimation
of the potential of such a system. After this, ttwdlective taxi system will be explicitly
modeled and a specific agent, representing theesystoperator, will be introduced. This
agent will be able to modify some of the parametéthe taxi service, allowing the system to
iteratively let the equilibrium emerge from the siation. The test area for the simulations
will be the Zurich agglomeration.
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