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Abstract

This paper presents findings on behaviour of park-and-ride users obtained from commuter rail on-board surveys in the Greater Montreal Area (Canada). The datasets are used to estimate a disutility function for the Park-and-Ride User Path Problem (PRUPP). Results show that access to the train station, by car, is the more important parameter in deciding the park-and-ride path; actually, nearest train station predicts more than 50% of the observed path. Other significant parameters are travel time (in the train), walk time at the parking lot and transit fare (monthly pass). 
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Park & Ride User Path Problem:  Findings from On-Board Surveys
1. Introduction

Park-and-ride services are aimed to facilitate the usage of transit network by commuters.  Parking lots are usually located at fixed infrastructures like train and subway stations, or along express bus routes and reserved corridors.  Whether to use or not a park-and-ride facility is a complex choice for commuters.  It depends on many variables such as pricing of parking and transit (fares), proximity and accessibility from home, quality of transit service, general traffic congestion towards destination, available user information and travel behaviour of other members of the household.  

This paper presents a generalized impedance model for the Park-and-Ride User Path Problem (PRUPP).  The model is validated with the help of samples of on-board survey responses, from which individual travel behaviours can be retrieved.  The model is calibrated from the observations.  It is a base for park-and-ride simulation model, and can also be used for park-and-ride user information systems.  The study is focussed on car drivers in AM peak period for year 2005.

The first part of the paper synthesizes the literature on park-and-ride research.  The second part presents some methodological elements of the model: travel behaviour analysis, multipart generalized cost function, path enrichment from underlying geographic information system for transportation (GIS-T) databases.  An experiments section emphasizes on the travel behaviour analysis results and exposes the calibration and the implementation of the model.  Moreover, limitations and further extensions are discussed.

2. Background

This literature review is intended to present the research on park-and-ride facilities, trying to focus at the end on the user path problem.

2.1 History

Literature generally agrees that the first park-and-ride systems were established in the 1930s in the United States (Noel, 1988).  Nowadays, park-and-ride facilities are generalized to transit rail services and are now extended to bus services.  New commuter transit can hardly be designed without considering the presence of park-and-ride facilities.

In the Greater Montreal Area, commuter trains exist since the 1930s, but the network have never been expanded to the whole region.  Even though stations were serviced by small parking lots for convenience, organized park and ride activities began in the 1980s when improvements were brought to existing commuter lines.  The network is now expanding rapidly to 5 routes and 50 stations.  Eighty percent of these stations have park and ride facilities (AMT 2006).

2.2 Location and design

Lam et al. (2001) report that park and ride facilities create catchments areas for dispersed populations, such as in suburbs, thus helping canalize travellers on train lines towards central business district (CBD).  To better study this land-use interaction, geographical information systems (GIS) are commonly used for location and design of park and ride facilities.  Frahan and Murray (2003) presented a GIS-based approach for delineating market areas for park-and-ride facilities.  Their model uses a GIS to determine if the facility is in the user's travel direction and if the travel time to the facility is acceptable to him.  Faghri et al. (2002) also presented a method using a knowledge-based GIS.  In addition, they presented several criteria for the location of the facility.  Some of these criteria are relevant to this work because they identify potential influences on park and ride users choice in their trip planning:

· Site access convenience : facilities must be accessible to drivers as they are traveling toward CBD;

· Location upstream of congestion : if possible, facilities must be kept out of congestion zones;

· Frequency of transit service : users will prefer routes with a good level of service;

· Negative lot competition : facilities placed too near to each other may generate negative effects on both.

Other criteria are relative to land use, design parameters (space, layout), user on-site amenities and security.  There are also concerns about the squatting by park-and-ride users of nearby parking lots, if, for example, the facility is located near a shopping centre (Van Horn, 2004).  Wang et al. (2004) present an optimization approach for locating park and ride facilities in a linear monocentric city.  Their profit maximizing and social cost minimizing method is based on cost equilibrium between congestible highways and congestion-free railway.  An interesting model presented by Hendricks and Outwater (1998) is intended to forecast the demand for park-and-ride lots based on mode disutility and parking lots capacity.  

2.3 Travel behaviour

Park and ride facilities have an effect on general travel behaviour for both transit and car users.  While most studies indicates that these facilities can help to lower traffic congestion in local areas and specific corridors, Parkhurst (1995) ask whether park-and-ride facilities improve or not the car congestion in the whole urban area.  His study showed that global congestion has remained persistent in cities where these facilities are abundant and that car travel time increased through the years.  He also reports on the urban sprawling effects of such infrastructures that could explain this situation (Parkhurst, 2000).  Chapleau et al. (2002) report that in the case of the Greater Montreal Area, about 50% of commuter train users have accessed the system by car. According to the study, train users are usually richer, more educated and more mobile people that other transit users.  Moreover, park-and-ride users usually prefer schedule adherence to service frequency, and they want secure parkings (Shirgaokar and Deakin 2005).  A study conducted by Bos et al. (2005) states that travel behaviour of the park-and-ride users is consistent and similar across populations and can be generalized.  In addition, the time to access the train from the parking (arrival transfer time) is another parameter that has been considered in a park-and-ride microsimulation model (Tsang et al. 2005).

2.4 Park-and-ride path calculation in transit user information systems

Trip planners are now common to many transit authorities' websites through the world.  While trip planners can provide transit itineraries between pair of locations, it is not common to give a full park and ride solution that would embed car trip to a park and ride facility and then transit itinerary to the destination.  Information systems can now warn users when parking lots are full and divert them to nearest parking places (ITS International, 2002).  Current generalized time impedance models implemented in path calculation website do not include the car ride part of the multimodal trip (Trepanier et al. 2002). The park and ride user path problem (PRUPP) as we define it implies a path calculation combining both road and transit networks.  Numerous works have been done on path calculation over multimodal networks.  Lozano and Storchi (2001) have developed a method for shortest paths on multimodal network based on path viability, which must be considered in the present work.  In the PRUPP, some paths are not viable in real life, for example a path where a person that goes from his home to his work use the train, then his automobile. Hence, the PRUPP is a special case of the multimodal shortest viable path problem (MSVPP).

3. Methodology

3.1 Information system

The greater Montreal area has been since 30 years a favorable site for transportation surveys.  In addition to the 5%-sampled telephone household surveys held each 5 years, the Agence métropolitaine de transport conducts annually on-board train surveys.  These surveys collect data on individuals, on multimodal trips and on user preferences (Table 1).  These on-board surveys collect data on almost all users of train lines, for a typical workday (sampling rate is 68% for 2005 surveys).  This data is very useful to examine the travel behaviour of the park-and-ride users.

The experiments of this study will focus on car drivers only.  Passengers and users accessing park-and-ride facilities by walk or transit were not retained in this analysis.  The following major train lines of the Montreal area are examined:

· The Montreal-Rigaud line is a diesel-operated service, providing about 12 departures per weekday.  Its length is 80 km, with 19 stations.  The line connects to the subway network at two stations. 

· The Montreal-Deux-Montagnes line is an electrified track service, providing about 28 departures per weekday.  Its length is 30 km, with 12 stations.  One terminal station is at the underground Central Station in downtown Montreal.

An interesting fact about these two lines is that at some points, they are parallel so commuters can decide to use one line or another (Figure 1).  It is important to consider this choice, so our impedance model is not be based on only one train line.  

3.2 Model

In this case study, it is well known that commuters have a wide choice of park-and-ride facilities to perform their bimodal trips.  The use of a generalized cost impedance model is required to correctly evaluate the weight of each path choice. The generalized cost for park-and-ride home to CBD travel is composed of:

· the generalized cost on the road network Gr, including travel time, parking availability and parking fare (if any);

· the generalized cost on the transit network Gt, including the cost of the route taken at the park-and-ride facility (waiting, transfers, fares).

A symmetric approach is used for CBD to home trips.

The generalized cost on the road network Gr between origin o and park and ride facility k at time of the day h is given by:
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.  The generalized cost on the transit network Gt between park and ride facility k and destination d at time of the day h is given by:
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For this research project, we consider only users who exclusively used the train for their transit trip.  In this case, we are able to simplify the impedance function for the transit part.  The waiting and transfer times are removed.  In addition, parking is free at all stations, so we can omit the parking fare component.  The parking filling function is included in the walking time term (
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One of the goals of this study is to evaluate the w parameters.  They will give us an idea of the importance of the different elements in user’s choice.
3.3 Data enhancement
One of the information that is missing in the on-board survey dataset is the road travel time from the origin to the selected train station.  At first, travel times were calculated between the trip origin and all the stations by the application of a shortest path Dijkstra algorithm on a congested road network for the Montreal AM peak period.  The road network is one part of a Geographical Information Systems for Transportation (GIS-T) especially developed for transit planning in the Greater Montreal Area (Trepanier et al. 2002).  Then, we added this travel time to the declared departure times and found that lot of users were supposed to be arrived at the station after the train schedule.  The fact is that most of the commuter train users would like to drive their car off congestion and do park-and-ride to avoid traffic jams, so their travel time is more likely a free flow travel time.  We recalculated the travel times on a free-flow network and the results are much better.  The assumption of free-flow speed travel is retained for the next steps.

Another missing data is the parking filling rate function.  At this point, parking filling rate is estimated by the compilation of all car trip declarations, at each station, starting from the beginning of the morning.  Because there is no trip back to home at the AM peak period, the parking will fill continuously until the capacity is reached (and more).  The parking fill rate at time of arrival is fixed according to the specific curve of each station.  Figure 2 shows an example of parking fill curve.  We can see that the number of cars exceeds the “official” capacity of the parking.  Some cars parks illegally within the parking, some are parked in the neighbourhoods.  This shows that a park-and-ride user path model cannot reject completely a parking choice even though the parking is “officially” full.
Another variable to estimate is the walking time to cross the parking and reach the station.  It is quite hard to find an average walking speed for human, but the value of 5 km/h is usually accepted for short distances.  The maximum walking time can then be evaluated with the maximum ground distance to access the station.  This distance is measured on the aerial picture of each station.  This gives a good approximation.  The walking time also depends of the residual capacity of the parking lot at the time of arrival.  To simplify, a linear function has been stated to link walking time and parking filling.  An empty parking would give a minimum walking time, and a full parking would give a 100% walking time (in case of parking overflow, it can be more than 100%).  Other hypothesis were stated for late arrivals (commuters for which the departure time plus the access time overpasses the train schedule time) and for early arrivals (commuters that arrived more than 20 minutes before the train).  Because the train number schedule declared by the commuter is validated by the survey personnel, this information has been used to correct data.  At the end, the following data is available for each commuter:  road travel time, state of parking filling at arrival, walking time at station, train travel time and train fare.

4. Experiments

For the experiments, we used the 2005 survey for the Montreal-Rigaud (5,533 respondents) and Montreal-Deux-Montagnes (9,965 respondents) train lines.  The travel behaviour of these people is first examined.  Then, the impedance function is tentatively calibrated for a subgroup of users, namely the commuter who accessed the train by car driving (true park-and-ride users).
4.1 Travel behaviour

Past studies on train commuters’ behaviour in the Montreal region showed that train users are usually richer than average transit users.  In this case, car ownership of train users is about 68% for Montreal-Rigaud line and 75% for Montreal-Deux-Montagnes line, while the global average of the Montreal region is 50%.  But users do no all access train stations by car, especially in the stations near downtown.  Figure 3 shows the distribution of the modes that were used to access the train service (before) and to reach the final destination (after).  It shows that about 40 to 45% of the commuters are park-and-riders.  A high level of 25% of train users walk to the station, and only 10% are using other transit services to access train.  After getting off the train, users mostly walk to the final destination because the terminal stations are located in central downtown.  Other use transit (both terminal stations are connected to the subway network).
This study will focus on “pure” park-and-riders.  We will retain the “car driver” group of the Figure 3 for the next analysis.  Figure 4 shows the pyramid of ages for the park-and-ride users of the two train lines.  It shows that there is a majority of women using the train, mostly mid-age adult workers.  The proportion of workers for the Rigaud line is 78,8% (others are students), while it is 89,4% for the Deux-Montagnes line.  The Rigaud line has a large proportion of younger adults (from 20 to 24 years old).

We emphasized on the fact that some commuters have the choice to pick one train line or another in their AM peak trip.  Figure 5 maps the link between the origins and the selected stations.  It shows that users located within the circled area can access both lines to make their train travel.  The figure also shows that most of the users will choose the nearest station to access the train.  This is to be discussed later.
4.2 Impedance function calibration

As a primer, the estimation was done using discrete choice modelling, more specifically the clogit (conditional, fixed-effects, logistic regression) function from STATA software (StataCorp). The database was structured as follows for the estimation (see Table 2). The five more interesting alternative paths were selected for every individual (Indiv. ID) based on car access time and classified accordingly (Alter. ID, from 1 to 5). Hence, the disutility function is calibrated using 26 040 alternative paths from 5208 suburban rail users. The observed path (Selected (observed)) is identified and used to calibrate the function. Since every independent variable represents cost or time, they are perceived as losses by users and will be negative. The disutility function is the generalized cost function with negative parameters.  A coefficient is added to the train travel time. 
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The results of the estimation are shown in Table 3. We see that the four independent variables are highly significant and that access time by car is the most important parameter compared to travel time by train and walk time. This is quite coherent to what was simply observed at first hand that approximately 60% of the observed people choose the train station that is nearer to their point of origin to park their car. It confirms the importance of the car segment in the park-and-ride trip. 
Probabilities of selection can be estimated for each alternative using the set of disutility. For instance, the probability of selecting alternative k=1 is estimated using: 
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The next table (Table 4) compares the average parameters of the observed and modelled path as well as their contribution to the global disutility of the path. We see that the travel time by car to access the train station is more than 6.7 minutes for observed path and a little less for modelled paths. It accounts for two thirds of the disutility (cost) while representing around 16% of the overall travel time. 
From the individual observations, we see that almost 60% of the people chose the park-and-ride path involving the nearest station (access time by car). Global figures regarding the prediction show that 90.5% of the selected path are the first alternative proposed and refers to the path with the shortest car access time (selection of the train station nearer to the point of origin). The first two alternatives account for 98.5% of the modelled selections but represent 84.5% of the observed selection. 
The probability of selecting every alternative also allows us to observe the proportion of selected paths that were predicted by the model (Figure 6). About 55% of the paths are perfectly reproduced using this calibrated function. Moreover, if we consider a 5% gap acceptance between the probabilities of selecting one alternative over the other (to account for equivalent alternatives), the proportion of successful reproduction raises to 61%.  There are still improvement to be done at this level, possibly by dividing the population in order to obtain more suitable disutility parameters.
Travel fare is also present in the disutility (about 28% on Table 4).  In some cases, the choice of the station could be driven by fare if two stations located in two different fare zones are relatively near one to each other.  But it seems that park-and-ride users do not have much alternatives at these frontier stations, because most of the times, fares do not overcome the car travel time in users’ choice.
5. Conclusion

This paper is a first step towards a park-and-ride information system that can provide real-time path choice to the commuters in the Montreal area.  The choice of a boarding train station is relatively complex for a car rider because it depends on the parking filling state, the road congestion, the fare and the location of the destination.  Many parameters are included in the impedance function that drives this choice.  In addition to the parameters, the values of the different time components are not easily obtained.  Results show that most of the commuters will use the nearest station to perform park-and-ride.  Contrary to what one thought, the travel fare does not seem to have an important influence on station choice.
The question whether to provide or not a good choice for the park-and-ride users is critical.  If a model suggest one station to the user, the suggestion could be all wrong if the parking is full at their arrival time.  There is a need to provide adequate choices to commuters, especially because they are usually not regular transit users and we want them to switch to transit.
Of course, there are some limitations to our approach.  Several attributes of the multimodal trip are estimated, so there is a possibility that the generalized time calculated with the impedance function is far from reality.  It is also well known that the generalized time is not the only element considered by commuters when they perform their trip.  Other elements like pre-trip activity (riding other family members, riding co-workers, etc.) could influence the choice.  The calibration of the model could be based on specific categories of commuters (male, female, workers, students, young, aged, etc.) to be more suitable to each one.
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Table 1:  Contents of the on-board survey data

	Categories
	Attributes
	Extended attributes (after validation)

	User
	Age, gender, home location, car ownership, fare type, language
	Expansion factor, XY coordinates for home location

	Multimodal trip
	Origin, modes used before the train, sequence of modes used after the train, routes number (if transit), entrance and exit stations, destination, time of departure, type of parking
	Train number, time of train passage, XY coordinates for origin and destination locations, travel distance on train

	User satisfaction
	Satisfaction level for train service, schedule, staff, equipment, etc.
	


Table 2:  Subset of the sample showing the structure of the database
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Table 3:  Results of the disutility estimation
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Table 4:  Comparison between the modeled and observed path
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26Figure 4:  Age pyramid for park-and-ride users, 2005 surveys


27Figure 5:  Link between origin and selected station, 2005 surveys, AM peak
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Figure 1:  Train lines in the case study
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Figure 2:  Parking fill rate over time, Deux-Montagnes station, 2005 survey
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Figure 3:  Mode used before and after train travel, 2005 surveys, AM peak
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Figure 4:  Age pyramid for park-and-ride users, 2005 surveys
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Figure 5:  Link between origin and selected station, 2005 surveys, AM peak
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Figure 6. Distribution of the probability of selecting the 5 alternative paths
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