A Transport Research Arena 2014, Paris

Planning a real-time ridesharing network: criticess and role of
transfers

"Ray, Jean-Baptiste"

"Movi'cité, Lyon France"

Abstract

For decades now, ridesharing has been identified psomising solution to cope with traffic congestiand
pollution. Real-time ride-sharing in particular,esgs to have great potential to boost ridership. degpite
several policy attempts, it hasn’t picked up sigaifitly in metropolitan areas. This paper aimsrateustanding
why, by quantifying the critical mass or “tippingipt” in the number of drivers offering seats focasual or
dynamic ridesharing line to work. It shows thatestiaring transfers can be used to reach thisarith@ass.
Based on a simple road network and real originkda$ons in the Lyon metropolitan area, the perfance of
such a ridesharing network is compared to pubkndport or ride-alone solutions based on a proltoil
approach through Monte Carlo simulations. Polegommendations are given, of which designing a ot\wf

ridesharing “lines” and “hubs”. Proof of reliabylitmprovement and first hints on public authorityiisolvement
are given.

Keywords: Critical mass ; tipping point ; dynamic ridesimgri; real-time ridesharing ; transport networks ;
connecting stations ; ridesharing lines ; ridestatiansfers ; carpooling; transport planningh.hu

Résumé

Le covoiturage est identifié depuis plusieurs dé@sn comme une réponse efficace a la pollution & a
congestion automobile. Le covoiturage en temps séehble notamment trés prometteur pour développer
significativement la pratique. Pourtant, malgréndenbreuses initiatives, le covoiturage ne se d@psmas a
grande échelle dans les aires urbaines. L'objéetitet article est de comprendre pourquoi en détmt de
maniére quantifiée la masse critique a atteindrar pgpu’'un réseau de covoiturage en temps réel puisse
fonctionner. Il démontre également que le recourded correspondances covoiturage — covoiturage ou
covoiturage — transport public permet d’atteindaentasse critique plus rapidement. A partir d’uneaés
simplifié, il calcule la performance du covoituragetermes de temps de trajet par rapport a I'alismse et aux
transports publics par une approche probabilistes Becommandations pour les politiques publiqued so
données, notamment la conception d’'un réseau igmes! » et « nceuds » (ou hub) de covoiturage.

Mots-clé: covoiturage ; masse critique ; seulil ; covoiterdgnamique ; covoiturage en temps réel ; réseaux d
transport ; planification des transports ; pblectange ; lignes de covoiturage ; nceuds de comgiurhub.
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1. Introduction

For decades now, ridesharing (or “carpooling”, hiettms are indifferently used in the paper) hasbdentified
as a promising solution to cope with traffic cortges and pollution. Empty seats represent the Egged
cheapest un-used transport offer there is! Why'haguicked up significantly in metropolitan areése will not
consider long distance trips in this paper), despélveral policy attempts and experiments?

It is important to understand the difference betwpee-arranged ridesharing and real-time ridesbaftior the
former, drivers and riders define beforehand thay twill carpool for a specific trip. It is usualtyfrequent trip
(commuting) and it is therefore acceptable to tikee to pre-arrange. Pre-arrangement can be dotle wi
colleagues living in the same area for example¢hiamugh a web site which matches drivers and ridarsimilar
routes. This form of carpooling only fits regulandarather fixed trips. Its major drawback is thekleof
flexibility. Moreover, finding people with similafixed routes and times is sometimes difficult. ptstential is
therefore limited, even if some progress can kéllmade. For real-time ridesharing, also oftefeddinstant”
carpooling” or “flexible carpooling”, we can diffentiate “dynamic ridesharing” (driver and passerdgsiare
their trip at the last minute on a mobile device antechnology-based system matches trips in ireal}tfrom
“casual carpooling” or “slugging” (riders wait aesignated meeting points for drivers to pass bingym the
same direction). Casual carpooling can be complaetédbrmal (organically-grown organization by wood-
mouth) or organized at different levels (signagegeting points, lines, member cards...).

While a lot of effort has been made on pre-arrargg@gooling (a large number of private operatorskwo this
field), it still represents a small fraction of nadhares. This can be explained by its limiteceptidl due to the
important constraint of the pre-arrangement, aedabk of flexibility. A number of pilots have beearried out
for dynamic ridesharing and have all given poowuitss Reaching critical mass is a serious problemsfich
solutions which require possessing and using matkéeices (leaving out a portion of the populati@md
recurrent action of drivers and riders to declaerttrips. Casual carpooling is working in threméyican cities
but has not focused attention of policy makerscigey because it is usually self-organized. Yeteiéms to be
the option with most potential. Very limited actirequested (going to the meeting point or pasbin the
meeting point), and all types of trips can be blgi(not only frequent trips). But it seems thatyprecise
conditions need to be filled for such a system twkw We will start by identifying in the literateireview the
different factors that have been found to be keyés for success in real-time carpooling. We Wwalnt focus on
the subject of reaching critical mass. After givimgmerical estimate of critical mass, we will sesvhtransfers
can help reaching this tipping point. This will deais to policy recommendations on planning rideskyar
networks in link with other modes and through usésrmation.

2. Literature review

Ridesharing is a multiform and rapidly evolvingrtsport mode. As presented in Chan & Shaheen (2011),
ridesharing is not a “new” transport mode, yetptactice has evolved, especially spreading inaiffitimes
(World war II, 1970’s energy crisis, recent crisiahd integrating new possibilities offered by tealogical
improvements (internet, mobile phones programschiag algorithms).

Internet-based pre-arranged ridesharingmatching solutions are now well developed and h@esen to be
effective for some types of journeys: long distabtgigs and regular commuting trips in urban areasfiked
schedule workers. One of the success factors sftiie of carpooling is obtaining a significant rhen of
carpool offers on one single website. The morersffthe more a driver’'s and a passenger’s tripg lttrances
to be close. But in pre-arranged ridesharing, fidssible for passengers to delay their departore or chose
not to carpool if no compatible trip is found. Ridter volumes are therefore a significant factouf several
compatible offers (two or three) may be sufficitmtpre-arranged ridesharing to work. Pre-arramigiesharing
has other drawbacks such as lack of flexibility inte-consuming arrangements.

With the development of smartphones, new technotdgsolutions have been developed offerdypamic
ridesharing. These technologically-pushed innovations havnedf through several experiments (more trust
through users’ profiles and communities, friendiyerface design, offering financial incentives,.et8ut no
system has yet proved to work significantly at adimm scale as summarised in Heinrich (2010) or shué



Jean-Baptiste RAY/ Transport Research Arena 204ds P

Chase et al. (2012). One of the major issues séebsreaching critical mass The first users to connect to the
system have few offers available and as new uag&estime to sign in, the first users, tired of loggin and not
finding rides, get out of the system and criticalasis never reached.

In real-time carpooling, high volumes are key téicedfnt ridesharing offers: a real-time ridesharipassenger
has to wait for cars to pass by. As the averagé-twaé is directly linked to the number of carsdri/x type
function, passenger wait-time will boom if car vole is too low. Besides, if a passenger startsripisnith no
back-up solution, a large gap or an absence ofvadiread the passenger to be blocked in the naddlhis trip
or for the return journey. We see that if car vodurm important for pre-arranged ridesharing, iaisrucial
element in real-time ridesharing. Several papers ftndies point out that high volumes are key never
provide quantified thresholds

Casual ridesharing has been working in certain areas of three Americisies for more than 30 years and
commute up to 9 000 to 10 000 participants dail$am Fransisco and Washington D.C. (Minett, 20A&can
report of the american Federal Highway Agency (JGiEnarizes some of the success factors that exiiat
casual carpooling works in these three locationsl fahy it has not spread in others) : time and rgsaings
are available becausee of HOV3 lanes or HOT laheadof the meeting points ; passengers and drigets
safe because carpools are usually formed of 3 pgdtDV3 requirement) ; infrastructure facilitatéstimode
(park and ride lots available, HOV / HOT lanes)gstcasual carpool lines are doubled by trangisliand users
can comute back by transit. We can note that sheg lwork only at some specific peak hours (afteedain
hour, there is no driver offering seats and no gagsrs to pick up - users usually have a good émapir
knowledge of this - and some of the morning lines'dhave a coressponding return slug-line!). Aoset
noticable point is that lines only work on very lhigolume coridors to the city center or major adstnative
zones (Pentagone for instance). This is partly ttua lack of incentives off-peak: as the traffiovkrs,
congestion decreases thus reducing the advantag®dflanes. Both of these points are linked with #olume
of drivers offering seats. As the number of driiensers the wait-time raises and the casual ridéspaffer is
no longer relevant. This phenomenon is observedhbst not been explained in numbers. This is owt fir
objective: quantifying thresholds.

One solution that has not, to our knowledge, bedin $tudied, is the possibility to offer rideshagitransfers, in
a global ridesharing network. In the field of cortipg science, several papers have explored algositthat
enable ridesharing transfers such as Coltin & ¥@I(2013) or a global system based on transfelsdcahulti-
hop carpooling” (Gruebele, 2008) or ridesharinghviranasfer hub (Raney, 2009). But it appears tthia
possibility has not been explored in the fieldrafsport planning.

Giving clear and reliablenformation to users on system performance is an importanécasfor transit
networks. They have over time improved the legiitif time-tables and have more recently implememezal-
time information at transit stops and on web-basgdadvisors. These improvements have proovedate fa
positive impact on users (Dziekan & Kottenhoff, ZDOFor real-time ridesharing, users often fear rpoo
performance (how long will | have to wait?) andiabllity (what is the risk of not finding a ride .Apiving
information about average and maximum wait-timel W@ an important part of policy-recommendationeTh
probabilistic approach used in this paper giveslation for evaluating travel times on a rideshgrimetwork
with no historical data.

3. Performance evaluation
We will consider in this section the performanceaakal-time ridesharing system similar to casaapaoling.
A passenger arrives at a meeting point and tale$irdt participating vehicle that passes by thesting point

going to the passenger’s destination or further.

3.1 Wait times and “tipping point”

The “tipping point” or “critical mass” will be defed as the number of cars offering seats thatheilsufficient
for a real-time ridesharing system to be attractifzddesharing gives right to significant timevéags (through a
HOV lane or reserved parking places), riders wélMalling to wait more to find a ride. We will plamurselves
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in a case where no time saving is possible dutiegide, which can be seen as a “worst case”. fawelttime
of the ridesharing mode is in this case directlfedained by the wait time to find a ride. In a fiegpproach, we
consider that an acceptable wait time is 5 minutes.

Average approach

The average time interval between two consecutive offering seats is given by:

tint = 6%\] (1)

Wheret;, is the time interval anlll is the number of cars offering seats on the osilgistination of the rider’s
trip. N can be derived from the total traffic (veh/hour) and the proportion of cars which aréling to take
riderst :

N=¢t"T )
Considering that on an average, passenger wilairi the middle of the interval between two carggrage
wait-time in minutes will be:
=60 ®3)
average 2, t , T
By graphing the average wait time against the nurobears offering seatd\j, the 1/x type function shows that

wait time rapidly decreases as the number of cemgases. It shows that with only 6 drivers offgréeats, wait
time is already below the 5 minute wait time thaddh

If we now consider different participation rates €ivers (not everyone is willing to pick-up stggans), we see
that it takes significant OD volumes to go below thminutes threshold for low participation rat@sth a 10%
participation rate (which is already a good perfange for a pre-arranged ridesharing website), aebdhour
traffic on the desired origin-destination is need€le participation rate also works in a 1/x typadtion. It is
therefore an important factor, especially for loaffic origin-destinations.

If a 10% participation rate is possible and 60 kehf traffic on a given origin-destination is nat are, why
does real-time ridesharing does not pick up moa@ thdoes today? The major drawback of the previoait-

time calculations is that they are average: thepatoconsider that cars don't arrive at constatgrirals and that
passengers can arrive as the previous car isgasinlg. Wait-time is therefore a probabilistic ftion. People
often calculate their commute time so that theysanee not to be late. Average time is thereforethetright

indicator to understand real-time ridesharing “tifgppoint”.

Probabilistic approach

If we consider thal follows a Poisson probabilistic distribution ofrpmeterl =N,, where N is the average
number of drivers offering seats, and that passesngizval is given bya in [0, 1], percentage of the time interval
between two cars (uniform function), wait time distition can be calculated by Monte Carlo simulatgiven
the formula:
_ 60" a 4)

N
This approach considers that passengers are alseaysd by the first car to arrive at the meetingnpdro
simplify this demonstration, we do not considett th@re may be passengers already waiting in lintethat the
passenger may need to wait for the second car. &ienote that this demand / offer question can be of
secondary order considering that many passengefisl chose to take their car if too many passengees
already at the meeting point. A hypothesis of allatynamic equilibrium between offer and demandiddoe
formulated but would need further research. We oate that in the FHA’s scan report (2012) on casual
carpooling, a wait-line of up to 45 people was obsd. These were usually the lines with highestinas, and
the line moved rapidly. This information contradithe dynamic equilibrium hypothesis (which als@sloot
work for the return trip).

wt

Given our simplification, the percentile wait-tincerves (Fig. 1) show that in order to be 95% st tvait
time will not exceed 5 minutes, an average of 15 adfering seats per hour is needed (against 6 thie
average indicator as seen in previous paragraphs).
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Choosing the right percentile to consider for thrdds is difficult as some people are more averamtertainty
than others. At a 95% level, users take the riskedhg late once a month (one chance out of 20ja 88%
level, users take a chance of being late twicesa. ye

‘Wait time probability as a function of number of cars
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Fig. 1: Wait time probability vs. number of cardesing seats

If we lower the wait-time limit from 5 minutes to rRinutes, the needed number of cars offering seddes
significantly, from 18 to 37 veh/hour at a 99% leve

Conclusion concerning critical mass and consequenco® real-time ridesharing strategy

We consider that critical mass is reached with 150t 20 participating-drivers per hour. At this level, the
average wait time is close to 2 minutes and thegyager has one chance out of 20 to wait more then>
minutes and one chance out of a hundred to waiéni@n 5 to 7 minutes. This requires a Traffic weduon the
specific origin-destination desired by the passeingd 500 to 2000 veh/h at a 1% participation wafterivers;
150 to 200 veh/h at a 10% patrticipation rate ofets; 75 to 100 veh/h at a 20% participation rétérivers.

As participating drivers’ volume falls, wait timaises significantly: for 6drivers/h, the averagatuiae is 5
minutes, but the passenger has one chance out tf @it more than 15 minutes, and one chance bat o
hundred to wait up to 30 minutes. In many corridoesinecting two high-density zones, these volumes a
reached. But most of the time, the flows are tcatteced at one end (residential side of a commutipgfor
instance) and the passengers need to drive todbéng point.

All other methods which will raise participatinghiele’s volumes will have a very positive impact wait
times, especially if the traffic volume is low. Oneethod is to concentrate ridesharing (drivers pasengers)
on specific “lines” and transfer “nodes” or hub$ieThext chapter demonstrates the efficiency of susatwork
when traffic volumes or participating levels are tow for a direct ridesharing offer to be efficien

3.2 Impact of transfers on travel time

The following paragraphs consider a simple netwaskepresented in Fig. 2 (a), with traffic volunhgsorigin
represented in Fig. 2 (b).

road network

¥ . Dest . 50
\ 50
100

Fig. 2 : simplified road network (a) and represgataof OD volumes (b)

Dest
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A passenger going from Or (origin) to Dest (degtorg will have the possibility to take the direcip. Other
possibilities are trips with transfers at the inmtediate nodes Nand / or N. The list of possible trips is: {Or -
N} + {N ;— Dest} (trip “via N"); {Or - N} +{ N,— Dest} (trip “via N,"); {Or - N}+ {N ;- Ny} + {N ,— Dest}
(trip via Np + Ny").

In this example, only 50 veh/h go the whole waynfr@®r. to Dest. If we consider a 10% participatiamer
among the vehicles, only 5veh/h offer seats fordinect trip, which is under the threshold definegaragraph
3.1. But 250 veh/h go from Or to N1, giving a 2%Areridesharing offer to N1, which is just over theeshold.

In N1, volume to Dest is 350 veh/hour (35 veh/lesigaring offer) and is 500veh/h to N2 (50 veh/lesttaring
offer). N2 — Dest volume is 850 veh/h (85 veh/tesidaring offer). The question we will try to ansugemwhat is
the ridesharing travel time for each route (Direigt, via N1, via N2, via N1+N2) if the passengecitles one of
these options in advance? What is the travel tirtteei passenger always takes the first car to Ipags the right
direction (“strategyl”)? And what is the travel &nf the passenger has knowledge of the best ihd&e in
advance (“strategy2”)? This second strategy wowlduire a dynamic program with information about all
vehicles origin-destinations and positions.

A dedicated module was developed using @Risk Md&aelo simulations with car and passenger arrival
distributions as defined in chapter 3.1. For eatlosdata, a travel time for each route and sjsaite computed.
Outputs are travel time distributions and propartid route chosen for each strategy. The total tiitie of this
example is 20 minutes. We consider that stoppingodes does not change ride times. We also conaider
minutes transfer time at each transfer.

Fig. 3 (a) shows trip times for each path and styafor a 10% participation rate. We can see thasgnger trip
time for a direct trip is 30% higher than the clore trip time at a 50% level (similarly to the eage time). If
we consider a 95% or 99% chance level, it reacH0% to +270%. Real-time ridesharing will not be a
solution for direct trips.

Trip time by path and strategy (5%) Trip time by path and strategy (10%)
70.0 1 0.0
E i — g™ = 50% Perc
K 7o Fer
E500 E 500
@
£ 400 7 | = 50%Pere || B 40.0 - S0% Pere
.E 30.0 — m mm B 90% Perc 'EL 30.0 | 95% Pere
E 20,0 - - 95%Perc || = 200 -
2 i i 99% Perc
10.0 - 99%Perc || = 100 -
0.0 . a1 alone 0.0 1 = car alone
& QS N N R
& ) T g ¥ " ) x
é‘ Q\Q' _ﬂ\'b' é\ \g,o \q_% @, ‘:\'b' \\\‘b V\\ ,@QD ,\g,o
S & o O
participation rat2=5 % participation rotz=10%

Fig. 3 : Trip time by path and strategy at a 10%ipgpation rate (a) and 5% (b)

In this example, travel times via other paths atemmlower. Compared to driving time of 20 minutd® “via
N2” passenger travel time is only 5 minutes greateaverage and 9 minutes (+46%) to 13 minutes ¥6)65
higher at a 95% and 99% chance level. Dependinttansit competition, this real-time ridesharingeoffvill
probably be considered. If we consider strategiasid 2, the total wait and transfer time is in ageronly 3
minutes and 6 to 7 minutes at a 95% and 99% leigbleh than a drive alone trip. In this exampleatstgies 1
and 2 give similar results.

This example shows that by taking the first (ortpdde in the right direction, total passengep tiime lowers.
But what is most of interest is that maximum tratinele (at a 99% chance level) lowers very signifita By
enabling transfers, we significantly enhance reliality of the ridesharing trip .
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If we now consider a 5% participation rate, the bemof drivers offering rides lowers and wait-tirrises
significantly. In that case, none of the fixed-patrategies will work, as shown in Fig. 3 (b).dtiinteresting to
see that, even with low participation rate, streted and 2 highly limit the 95% and 99% level &htimes
(only one chance out of 20 to go over 30 minuteés}.low volumes and / or low participation rates, eabling
transfers at specific nodes improves significantlyhe ridesharing reliability .

Fig. 4Erreur ! Source du renvoi introuvable. (a) shows the direct trip, one node and two nadassfer
possibilities results for strategy n°1 (both stg&s give very similar results in this case) aty participation
rate. All average travel-times are rather closepeetively 32, 27 and 25 minutes) but 99% leveldidimes
decrease significantly (over an hour for direcp ttd 48 minutes for a one node transfer possibdityl 36

Enabling transfers with 1 or 2 intermediate Enabling transfers with 1 or 2 intermediate
- nodes in a ridesharing trip (5%) nodes in a ridesharing trip (20%)
T 70.0
_ 607 60.0
é 50 T .E 50 0
g 40 - mmm 50% Perc | |  50% Perc
£ 40.0
e 3p mm 90% Perc 5 i 90% Perc
! 1 [ (=9
g 95%Perc | | E 00 95% Perc
20 — =
: 99%Perc | [ €200 | e 999 Perc
Rl
10  ==—car alone 10.0 - __==—car alone
0 T T
Direct trip One Node 2 nodes 0.0 - T
Direct trip One Node 2 nodes
carpool offer rate =5 % carpool offer rate =20 %

minutes for two nodes transfer possibility).
Fig. 4: Enabling transfers with 1 or 2 intermediateles at 5% patrticipation rate (a) and 20% (b)

Contrary to what we have just seen, transfers ar@ecessary if participation rate and volumeshagh. It will

be more interesting to wait for the direct triprita multiply the number of rides as can be seefign4 (b). In
this case, one node and two nodes strategies gyesivailar. They are slightly more reliable tharm ttiirect trip.
This analysis should be developed for different @umes to be able to generalize these first resuitl bring
nuances in a policy-recommendation perspective.

Time of day

As seen in experiences in Washington or in Sandisan, casual-carpooling lines only work in thelpbaurs.
Fig. 5 shows travel times on a specific suburbubusb origin-destination in the Lyon metropolitarea for
ridesharing (passenger) for a direct trip (greamne-transfer trip (purple), or a two-transfeig (blue). Solid
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Fig. 5: Travel time difference with drive alonedrsuburb to suburb relationship
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lines represent the average time and dotted lihes90% and 95% chance levels. These are not optimis
ridesharing strategies but systematic transfer®anhdde or systematic transfers at both nodes. As see
previous paragraphs, applying strategies 1 or Adwgieatly improve reliability.

When traffic volumes are too low (before 7 A.M. aadter 7 P.M.), ridesharing solutions are noteceffit. At
peak hours, direct-trip ridesharing is in averaggdr than transit (which takes between 40 and i6Qtes) but
considering the low volume of cars on the total,tthere is more than one chance out of 20 to behrhigher
than transit times. One-transfer solution is simita transit and two-transfers solutions is alwégster than
transit at peak hours, even at a 95% chance levidie day-time period, only two-transfers solutisrsimilar to
transit at a 95% chance level.

Organizing transfers for casual ridesharing trips @n therefore play an important role in maintaining an
attractive solution throughout the day. At certain off-peak hours, ridesharing will not bean option.

3.3 Future work

Modules have been developed to test, with the bélpaffic models, ridesharing attractiveness fifedent
origin-destination-types: chosen by type of areawftown, urban, suburban, rural), type of urbansiess,
road network densities and traffic volumes (clogeat highway /a less hierarchized road), type ofdita
(metro/rail, regular bus lines or no public trangpdrhis work should help define precise guidediem how to
position lines and nodes on the road network. Tiesgnt work has not taken into account multimodpkt
Further research could also help understand the dmesexions between a ridesharing network andasasifr
network. Finally, including financial costs in arggalized cost would help show the interest of giideing.
These planning methods are being tested on twortanpoEuropean cities.

4. Policy recommendation

Solution outline

Real-time ridesharing (dynamic or casual carpodlamgswers the problem of lack of flexibility of paeranged
carpooling. Its’ major drawbacks are the need fdtical mass and unknown reliability. The following
recommendations counter these drawbacks.

We consider thatisible ridesharing networks need to be developed
Meeting points and smaller ridesharing “stops” neelde designed to ensure security and need tdstise
Ridesharing linesshould be defined. Drivers will converge to théses to find passengers. Passengers will
converge to the “stops” on the lines to find draeFhis concept enables to raise the driver’s velum one
line.
Incentives should be present, especially on the identifiegtdi (HOV, easy access to parking facilities,
financial compensation...). Defining the right indeatis not the core subject of this paper. Fututelies
should be carried out to estimate optimum tarifsetach a good equilibrium between riders and dsive
Convergence to meeting points and stops on rideghdines needs to be well addressed (car parking,
possibly mutualized with P+R of transit stationgeating points close to density at walkable distacgele
parking facility, transit stops,...).
At the intersection of two ridesharing lines (a epdransfer hubs need to be identified and potentially
created if specific modifications are needed (sedwralkways to transfer from one drop-off pointatgick-
up point for example).
Defining the lines and hubs needs modelling stuthesvaluate the best position considering tradfigin-
destination volumes and probabilistic wait-times.
Transit solutions should exist in order to fill thap when traffic volumes are low.
Otherwise, a guaranteed ride home needs to beiseghn

We also consider thaiformation is key to success.
Information about travel times needs to be comnaieit to users through a web-site and at the meeting
points, based on a statistical analysis and madgelli
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The best transfer strategy for each specific oritgatination and time of day should also be givaseld on
modelling data (casual carpooling) or on histormastatistical data (dynamic technology-basedesykt

Users should know in advance if they are likelyviit more than 1, 5 or 10 minutes. This should ibergfor
different times of day. The time periods for whitte system is reliable should be given. Outsidéhege
periods, users should be informed of the probagbiit finding a ride and should be oriented to other
alternatives if ridesharing performance is low.

Users should also be informed of the probabilityfinfling a return ride and should be given altaxeat
solutions if ridesharing performance is low for tleéurn trip.

We consider that the system should be able to wittkno requirement of individual technological d= This
is important to ensure a rapid build-up phase. Dyindechnology-based solutions could benefit frotvaae of
casual carpooling on the network. Such systems medty to optimize the rides and raise global efficie but
will have difficulties to build up by themselvesh@y should be designed to help secure the ridexlifsp
information about drivers and passenger or licgriaée) and give information about the performante¢he
system.

Steps for a real time ridesharing policy

Real time ridesharing is often considered as atisolthat can be implemented by private rideshadpgrators
with almost no public involvement (as for pre-aged carpooling). Yet, in order to develop the sohs
described in the previous paragraphblic Authorities (PA) have a major role to play

1. Planning: PA should carry ouplanning studiesto design the ridesharing network (lines and hubs,
connecting points to transit) as part of their glomobility strategy. These should include critinzdss
verification and thus need surveys or traffic medelestimate origin-destination volumes.

2. Building the network: PA shoulddevelop the ridesharing network from simple and low-cost actions
(map of ridesharing lines, signage, stop signs simelters, parking area reservation) to important
infrastructure adaptation (HOV lanes, carpool pagkiconnection of a ridesharing line to a transit
station, secured walkways at ridesharing hubs..pedding on project ambition.

3. Lunching and build-up phase PA should make communication efforts to acceéettéie build-up
phase and could concomitantly launch disincentfaesess restrictions, urban toll) or incentives YHO
subsidies,...).

4. Operations: The system can be operated by a public or a terieatity. PA should vouch for legibility
(no multiple operators, compatibility with transibformation) and may want to define strict
requirements (tariff levels, guaranteed ride home,)

Except for important infrastructure works, all teesctions will be very cost-effective if we compaoetransit
costs on suburban lines.

5. Conclusion

Literature analysis shows that reaching a critizalss is identified as a major issue for casual yorachic
ridesharing to work. Yet no quantification of thigtical mass is given. Multi-hop or instant carpog with

transfers is also identified in literature as arpiging solution, yet no proof of the concept’s pehce is given:
neither by experimental success, nor by theoretie&dulations. This paper has tackled these twaostopres
through simulation and gives policy recommendations

Uncertainty of real-time ridesharing travel time éstimated through a Monte Carlo simulation, giving
probabilistic wait time distributiondVe consider that critical mass is reached with 150t 20 participating-
drivers per hour. To ensure a 5 minute maximum wait time (at a 99#nce level), a volume of 18 drivers
offering rides is needed. Bellow 10 drivers/hougximum wait time is greater than 15 minutes and-tuae
rises as driver number lowers in a 1/x type functidhis explains the “tipping point” effect: undarcertain
volume, ridesharing is not attractive at all.

We have also shown through a theoretical examipét,enabling ridesharing transfers when traffiunoés are
low is a very efficient way to enhance reliability ridesharing, which is a key issue identifiedliterature.
Taking the first ride going in the right directibmthe next transfer hub will minimize uncertaiofytravel time.
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We can outline from these findings two importargoamendations for ridesharing policy:
By organizing ridesharing in a network of identfi¢lines” and “transfer hubs”, we can lower the
participation level of the drivers needed to readtical mass. This is especially important in thald-up
phase, but also to maintain an attractive solutiomid-day or in the evening when traffic volumes bw.
By giving statistical information based on traffitodels or surveys on corridors and transfer poimescan
help users evaluate the performance of the rea-tidesharing solution. This could convince userest the
system and help them choose the right line, tha rgeeting point and the right transfer nodes. &)seyuld
also be given information on the time of day whasual or dynamic ridesharing is attractive. Thisgility
is not dependent on whether ridesharing is dyndimicaatched through mobile devices or casual (no
technology).

Although we find the mentioned recommendations ajamimportance, ridesharing is dependent on atgrea
number of other factors which should not be neglk¢security, institutional collaboration, commuation and
visibility, incentives...).

Further work is needed to define precise guideloresow to position lines and nodes on the road/orkt and
in connection to transit. A global cost-benefit lenaion of such a system should be carried outh@uglobal
mobility system could, in time, help transport autties rationalize their costs at a better gldbaél of service
for the users. Evaluating financial impact for eactor should also be the subject of further redear
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