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Abstract

Electronic “instant” ridematching would allow real-time, on-demand formation of carpools.  Such a system should offer a number of advantages over existing ride sharing arrangements.  Compared to formal, pre-arranged carpools, instant ridematches offer greater flexibility.  Compared to “casual carpooling,” electronic ridematches should provide better vehicle fleet utilization, fewer parking requirements, and fewer emissions.  This paper uses a simulation model to explore the incentives for and performance of ridematching in the San Francisco Bay Bridge corridor under a variety of assumptions.  The focus is the time savings available to drivers.  The need for and cost of providing commercial backup service – taxis or shuttles – is also examined.  The simulations show that the time savings available to carpools are a critical factor in the viability of instant ridematching.   An instant ridematch service that includes commercially provided backup shuttle service and also provides a means of compensating drivers when time savings are inadequate appears to be cost competitive with transit alternatives for passengers.

introduction

“Casual carpooling” has been a spontaneous, unorganized response to significant carpool time savings in two locations in the United States – in the San Francisco Bay Bridge Corridor in the San Francisco area (
, 
), and on the Shirley Highway in the Washington, DC area (
, 
).  In both of these areas, drivers and passengers queue at established locations in order to form carpools that meet the occupancy requirements of high-occupancy vehicle (HOV) lanes that provide significant time savings in congested corridors.  The casual carpooling phenomenon demonstrates that carpool formation is sensitive to sufficient incentives.  After all, people are doing an odd thing: getting in cars with strangers.  

At the same time, the casual carpool phenomenon is quite restricted compared to the number of HOV lanes – many with significant time savings – available across the country.  There appear to be several reasons for this.  

First, in order for casual carpooling to be viable, there must be sufficient incentives.  These include significant time savings, and onerous parking costs at work destinations.

Second, sufficient “critical mass” of drivers and passengers is necessary in order that a casual carpool site remain viable over time.  There must be enough passengers and drivers arriving at a site over known time periods on a regular basis so that carpools can be formed in a reasonable time compared to the expected time savings of the shared ride mode compared to other modes.  

Third, in order for casual carpooling to succeed, drivers and passengers need to be aware of their common destinations.  In the San Francisco Bay Bridge corridor, during the morning commute the common destination – downtown San Francisco – is well known.  This represents a simple many-to-one relationship.  The evening commute, however, represents a one-to-many relationship.  Travelers in downtown San Francisco have no simple way of finding other travelers with the same destination (which varies depending on their residence location in the East Bay).  In fact, for many years casual carpooling in the San Francisco area existed only during the morning commute period.  More recently, there have been efforts to organize homebound casual carpooling by marking pickup locations in downtown San Francisco, with different queues for different East Bay destinations (2).  These efforts have met with only modest success, in part because – as will be discussed further, below – the carpool time savings advantage is significantly lower in the evening than in the morning.  

A fourth, and perhaps critical, requirement for the success of casual carpooling appears to be the necessity for public transit alternatives as a backstop.  In the morning, while drivers and would-be passengers may be able to drive alone if a ride is not available, it is helpful to have transit as an alternative (remember the high downtown parking costs).  On the other hand, in the evening, even if casual carpooling is functioning, passengers risk being stranded if they cannot find a car going to their destination unless there is a transit alternative.

These factors go a long way to explaining why the casual carpooling phenomenon is rather limited.  In many locations HOV lanes serve diffuse employment centers.  This leads to a “many-to-many” origin-destination arrangement that does not lend itself to casual carpooling.  

On the other hand, the potential advantages of the “instant ridematch” system, as well as continuing advances in wireless communications technology and market penetration, lead to the question of whether technology could enable a more widespread adoption of instant ridematching.  Even where casual carpooling is well established, an electronic ridematch system may provide advantages.  For example, in the San Francisco Bay Bridge corridor, several casual carpool sites are at park and ride lots that are over-subscribed – the lots fill by 7:00 AM.  If an electronic system let people form carpools at other locations, then carpooling would not be limited by available parking, nor would it require passengers to drive to the park and ride location, with attendant “cold start” emissions.  As mentioned above, evening casual carpooling has not been very successful in the San Francisco area.  This has led to inefficient use of transit vehicles: more buses are needed to serve evening riders who carpooled in the morning.  Perhaps electronic ridematching could facilitate evening carpooling more in line with morning carpooling.

PreviouS RESEARCH

There have been a number of previous efforts to facilitate real-time ridematches (
, 
, 
, 
, 
).  In summary, none of these efforts were at all successful.  A number of evaluations concluded that an instant ridematch system cannot be successful due to a number of factors, including primarily the reluctance of people to share rides with strangers.  Of course, the existing casual carpool systems belie this particular conclusion.  

These previous efforts do point to the necessity for adequate incentives, and sufficient marketing to achieve adequate ridematch success rates.  Another lesson that might be drawn is that the particular technology implementation is not a factor in the success of these efforts.

Thus, this paper does not focus on the technology of an electronic ridematch system.  It assumes that the technology – voice response systems, internet access via cell phone, and so forth – is or soon will be available.  Instead, this paper focuses on the incentives that an electronic ridematch system provides to potential participants.  These incentives are measured primarily by the time savings available to users of the system, compared to solo driving.  While there are other factors – the travel time and costs of transit alternatives, the costs of tolls and parking for drive-alone alternatives, for example – these are considered only in a qualitative manner.

simulation model

The simulation model used in this analysis examines a sample of travelers.  In simulating the morning commute, these travelers are assumed to have origins that are randomly distributed across a residence zone.  The travelers are assumed to have a downtown San Francisco destination.  Each traveler is assumed to have a required work arrival time, though each traveler can arrive at work earlier.  The travelers’ arrival times are randomly distributed across an hour.  To simulate the evening commute, the process is reversed: trips originate in downtown San Francisco; destinations are randomly distributed across the residence zone; and each traveler has a work leave time, though each traveler can stay later.  Travelers’ work leave times are randomly distributed across an hour. 

The model allows a number of parameters to be specified.  These parameters, and the values adopted in this analysis, are described here.

· The residence zone is specified as a rectangle with given latitude and longitude boundaries.  In this analysis, different residence zones are chosen to represent particular areas along the Interstate-80 corridor north of the San Francisco Bay Bridge.  These residence zones are each approximately five miles on a side.

· Mainline freeway/HOV lane onramps are defined by latitude and longitude coordinates, as well as distance to the central business district.  The onramp coordinates represent the actual onramps in each residence zone.

· A residence zone average speed is defined; the local street network is not modeled.  In this analysis the local speed is set to 15 miles per hour.  This average speed is intended to account for time spent picking up passengers, which is not otherwise explicitly accounted for.

· Mainline freeway/HOV lane speeds are defined.  This analysis assumes speed in the general purpose lanes to average 30 miles per hour (mph), and assumes an average 60 mph speed  in the HOV lanes.
· HOV lane occupancy requirements are defined.  The I-80 HOV lane has a standard occupancy requirement of three-or-more per car.  Two-seat vehicles are allowed to use the I-80 HOV lane with only two occupants.
· The number of travelers per period in each residence zone is specified.  This analysis examines a period – either required work arrival times or work leave times – spanning one hour.  As described below, cases with 13, 25, and 100 travelers per hour per residence zone are examined.  Times are uniformly randomly distributed across the hour.  Residence locations are uniformly randomly distributed across the residence zone.
· A work arrival time or leave time “window” can be specified for each traveler.  Travelers are assumed not to mind arriving early or staying late at work during this (short) period.  Outside this window, additional time at work is considered a “cost” on par with travel time.  In this analysis the arrival/leave time window varies between zero and 15 minutes – uniformly randomly assigned – for each traveler.

· The fractions of travelers willing to drive – and the fraction who must drive – are specified.  Presumably, some travelers with cars will be flexible – they could travel either as carpool drivers or as passengers.  On the other hand, some drivers must use their car, either because they need it during the day, or their ultimate destination is not the central business district (there are a number of casual carpool drivers who drop passengers off in downtown San Francisco before continuing to their destination).  In this analysis, 40% of morning commuters using the electronic ridematch service are assumed able to drive; 10% of them are assumed to require their car.  In the base simulation of the evening commute, the fraction with cars is set to the fraction resulting from the simulation of the morning commute, which can vary depending on the number of carpools formed.  Since all drivers have their car with them at work, 100% of these drivers must drive in order to get their car back home!  This is probably an obvious point, but it significantly decreases the flexibility of ridematch formation in the evening compared to the morning.

· The fraction of travelers originating as pairs is specified.  That is, two travelers may have the same origin – for example, a husband and wife traveling together.  A fraction of 5% of origins are assumed to have a traveler pair in this analysis.  Traveler pairs that also have two-seat cars are excluded from this analysis – such pairs have no need (or room!) for an additional passenger.

· The fraction of drivers with two-seat cars (which can use the HOV lane with only two occupants) is specified.  A fraction of 5% is used in this analysis.  All other cars are assumed to have five seats – including the driver’s – available.
· A penalty factor for a backup taxi/vanpool is specified.  The model allows a taxi/vanpool to pick up passengers if a suitable driver is not available.  This may be just a matter of chance – perhaps a passenger is traveling at a time or from a location that does not fit well with other travelers’ schedules.  The penalty is specified in time units – it is treated as equivalent to an addition to total travel time in the optimization, although it is not counted as such in the summary outputs of the model.  This analysis uses a penalty of 100 minutes for each vanpool.
The model also allows travelers who can drive to proceed without passengers.  In this case their travel time is the drive-alone time.

ridematch algorithm

The simulation model creates a set of travelers and then uses a matching algorithm to assign each traveler to a carpool.  The matching algorithm attempts to minimize the total travel time for all travelers (including wait time for people who arrive early or leave late from work outside their “window”) within the constraints imposed by the simulation parameters.  The task of optimized assignment of travelers to carpools is a combinatorial problem with possible solutions that grow exponentially with the number of travelers.  The obvious computer-based solution, exhaustive search – trying all possible feasible combinations of travelers – rapidly exceeds the capability of even modern supercomputers.  

The combinatorial optimization problem is addressed in this analysis with the “simulated annealing” algorithm (
).  The simulated annealing algorithm tests different combinatorial trial solutions, and accepts or rejects new trial solutions based on their “cost” relative to the lowest-cost trial solution found.  In this analysis, “cost” is equal to the total travel time as described above.  Trial solutions with lower costs are always “accepted.”  A trial solution with higher costs than the previous low-cost trial solution will be accepted or rejected with a probability specified by the algorithm.  In the initial stages of optimization the acceptance probability is high – both lower-cost and higher-cost trial solutions are accepted.  As the optimization proceeds, the acceptance probability is reduced – trial solutions that raise costs are more likely to be rejected.  The simulated annealing algorithm cannot guarantee that the lowest-cost solution will be found.  With suitable tuning of the algorithm’s parameters, however, the algorithm provides a reasonable search of the solution space, and a reasonably low-cost solution.  The algorithm’s parameters include the total number of trial solutions that will be explored, the initial acceptance probability as a function of cost, and the rate at with which the acceptance probability is reduced as trial solutions are examined.

The performance of the simulated annealing algorithm was verified in this analysis by varying the algorithm’s parameters for a given problem (that is, set of travelers).  The algorithm can find different solutions (that is, different carpool assignments) that are nevertheless very close in total travel time.  This verification was performed both for simplified sets of travelers (for example, with few travelers, or with either the spatial or temporal dimension of the problem suppressed) and for the traveler sets described below.

SIMULATION MODEL OUTPUTS

For each optimization, the model reports the following summary results:

· The average travel time (including wait time outside each traveler’s “window”) over all travelers.

· For comparison purposes, the average travel time if each traveler drove alone.

· Also for comparison purposes, the “ideal” travel time; that is, the average travel time assuming each traveler drove their own vehicle at free-flow speeds (assumed equivalent to HOV speeds).

· The average time savings for drivers compared to their time if they drove alone, and a histogram of driver time savings.  Driver average time savings are lower than the overall average time savings, because drivers have to detour from their preferred route in order to pick up passengers.  That is, drivers who participate in the ridematch save time because they can use the HOV lanes; they lose time because they must pick up passengers.  The histogram reports driver time savings in 10-minute bins: savings greater than 10 minutes, 0-10 minutes, losses of 0-10 minutes, and losses greater than 10 minutes.

· The number of vanpools created.

The model can also average these results over a number of individual simulation runs.  In this analysis, each case (for example, residence zone) was simulated five times, each time with a different randomly drawn set of travelers.  

simulation results

Simulations of morning and evening ridematching were performed for two residence zones on the I-80 corridor, which provide examples of different levels of HOV time savings.  One residence zone represents the Vallejo area.  Vallejo is approximately 20 miles north of the Bay Bridge.  The I-80 HOV lanes extend about 15 miles north of the Bay Bridge.  In the morning the HOV time advantage is thus approximately 15 minutes in the HOV lanes (60 mph vs. 30 mph), plus an additional 20 minutes because HOVs are able to bypass the Bay Bridge toll plaza and metering lights.  Total time savings will vary depending on the onramp used.  In the evening the HOV time advantage is not as great.  This is because there is no toll plaza or metering lights in the homebound direction.  There is an HOV-only onramp to the Bay Bridge that does provide some time savings, estimated in this analysis to be five minutes.

The other residence zone represents the El Cerrito area.  El Cerrito is six miles north of the Bay Bridge.  Thus, morning time savings total about 26 minutes (six minutes due to the I-80 HOV lanes, and 20 minutes at the toll plaza/metering lights).  Evening time savings total 11 minutes (six minutes due to the I-80 HOV lanes, and five minutes due to the HOV-only onramp).  Table 1 summarizes these basic parameters for the two residence zones.

Base Simulations – Evening Drivers Equal to Morning Drivers

Table 2 shows summary results for sets of origin locations from the two zones for both the morning and evening commutes.  The number of travelers differs slightly among the simulations because of the random assignment of traveler pairs to 5% of the origin locations, as described above.  The time savings due to carpooling are greater for Vallejo, since travelers can take advantage of a greater HOV lane distance.  In some cases, ridematching works surprisingly well.  For example, in the morning commute from Vallejo, ridematch time savings average 28.3 minutes (48.9 minutes compared to 77.2 minutes under congested drive-alone conditions) compared to “ideal” time savings – if all travelers could drive alone under free-flow conditions – of 35.4 minutes (41.8 minutes compared to 77.2 minutes).  Thus, ridematching time savings are 80% of the potential time savings available.  

Where potential HOV time savings are not as great, then the time spent picking up passengers becomes a greater factor.  For example, for the evening commute to Vallejo, ridematching time savings are 67% of the potential.  For the morning commute from El Cerrito, the ridematching time savings are 73% of the potential.  For the evening commute to El Cerrito, the ridematching time savings are only 46% of the potential.

The time savings to carpool drivers may be most important to evaluating the feasibility of an electronic instant ridematch system.  Chances are that passengers will be well-motivated to take the rides simulated in this analysis – they are door to door, and HOV lane travel times are significantly less than those available via public transit (which often involve transfers between bus and BART).  Drivers are also motivated by time savings; these need to be examined carefully.

Table 2 also shows average driver time savings, and the frequency of different time savings.  For example, in the morning commute from Vallejo, 95% of the drivers save 10 minutes or more, 3% save less than 10 minutes, 3% lose less than 10 minutes (that is, such drivers would have been better off driving alone, but not by more than 10 minutes), and no drivers lose more than 10 minutes.  Put another way, 95% of the time, drivers who participate in morning ridematching from Vallejo could expect to save at least 10 minutes.  In contrast, in the evening commute to El Cerrito, only 9% of the drivers save more than 10 minutes, 49% save less than 10 minutes, 31% lose up to 10 minutes, and 11% lose more than 10 minutes.

Table 2 presents one other result: the average number of “backup” vanpools used to pick up passengers that did not fit well with other travelers’ locations or schedules.  The simulation did not schedule any vanpools in the morning commutes from either residence zone.  In the evening commute, on average 1.4 vanpools were scheduled during the hour simulated here.  One reason that additional vanpools are scheduled during the evening commute is that the number of available drivers during the evening commute in this simulation is limited to the number that drive during the morning commute.  As mentioned earlier, during the morning commute there are some travelers who are flexible: they can travel either as carpool drivers or passengers.  This flexibility is not available during the evening commute – drivers must bring their cars home (it is assumed).  Thus, in the evening commute it is more likely that some drivers will forego picking up passengers, and that using vanpools to pick up remaining passengers – even with the 100-minute penalty assigned to vanpools in this analysis – will lead to a better result in terms of overall travel time. 

The viability of ridematching for the evening commute appears to be doubtful in this base simulation, at least in the case of El Cerrito.  Preliminary calculations of the cost of backup vanpools – even when these costs were spread across all travelers – tended to reinforce this conclusion.

Alternative Simulations – More Evening Drivers 

Alternative simulations show one way that the viability of ridematching during the evening commute might be improved (other than increasing the HOV time savings!).  If additional drivers can be persuaded to participate in the ridematch service in the evening – even if they did not participate in the morning – then there are more chances to create “better” carpools.  That is, those drivers whose schedules and residence locations best coincide with the schedules and residence locations of passengers can provide rides.  Remaining drivers would drive home by themselves – but be no worse off.

Table 3 shows the results for the evening commute for the two residence zones when additional drivers are “recruited.”  In this case the fraction of travelers having cars is set to 40%, rather than to the approximately 30% of ridematch participants who drive in the morning.  While the time saving results do not appear to be significantly different than the base simulations, there does appear to be a significant difference in the use of backup vanpools.  In these simulations the average number of vanpools used is 0.2, compared to 1.4 in the base simulations.  That is, only one vanpool was formed during the course of five optimizations, compared to seven vanpools in the base optimizations.

Simulations were also conducted with different numbers of travelers.  One case assumed that 13 travelers from each residence zone would participate in the ridematch system in the hour.  Another case assumed that 100 travelers would participate.  The expectation is that ridematching should get easier and more efficient with an increasing number of travelers – it should be easier to find travelers whose schedules and locations coincide.  To some extent this is true, but even the differences between the 13- and 25-traveler cases were not dramatic.  The differences between the 25- and 100-traveler cases were insignificant.

COST Calculations, cross compensation, and the viability of Ridematching

A more detailed calculation of the costs of providing backup vanpools, along with calculations of the possible compensation that could be offered to drivers, provide further exploration of the viability of a ridematching service.  The cost of providing a single vanpool is estimated to be about $60, based on the approximately $20 fares charged by airport shuttles for similar distances in the Bay Area, and the observation that operators of these shuttles seem to be happy to proceed with three passengers.  

What compensation levels would be sufficient to motivate drivers when time savings are inadequate?  It is first hypothesized that time savings of 10 minutes or more are sufficient by themselves to motivate drivers to participate in the ridematch program.  Second, it is hypothesized that $10 would be sufficient to motivate drivers to pick up passengers when time savings are less than 10 minutes but still greater than zero.  Finally, it is hypothesized that $20 – on average – would be sufficient to motivate drivers’ participation even when they lose time by doing so.  As Table 3 shows, few drivers lose more than 10 minutes.  Examination of detailed simulation results shows there are no cases in which drivers lose more than 15 minutes.

Table 4 shows the results of applying these calculations to the best simulation results from Tables 2 and 3 (that is, the morning commutes in Table 2 and the evening commutes from Table 3).  The total costs are calculated separately for the morning and evening commutes in each case.  It is useful to look at the morning and evening commutes together – both directions have to be viable in order for ridematching to be viable on a standalone basis, that is, without relying on public transit for backup purposes.  When the total costs are spread among all passenger trips, the cost per passenger trip is $2.21 for Vallejo, and $4.33 for El Cerrito.  For Vallejo, this cost is attractive compared to transit alternatives.  Transit to San Francisco involves both bus and BART segments, for a total per trip cost of about $5.00, even with commuter discounts.  For El Cerrito, the ridematch cost per trip is more expensive than BART alone (which has a one-way fare of $2.95), and competitive with trips involving local bus feeder service (which brings the transit trip cost to $4.10).  Given the time savings provided by the HOV lanes, this cost analysis indicates that a ridematch service should be financially attractive from the passengers’ point of view.

Even if these passenger costs – charged in part to provide compensation to drivers – make economic sense, an interesting question is whether driver compensation can be provided within California legal constraints.  California law exempts rideshare vehicles and drivers from commercial charter carrier regulations so long as “ridesharing is incidental to another purpose of the driver,” and that the “primary purpose for the transportation” is not to make a profit.  “Profit” is defined to “not include the recovery of the actual costs incurred in owning and operating” the vehicle (
).  It appears that compensation to drivers is certainly allowed if that compensation is limited to the costs of owning and operating their vehicle.  Standard mileage reimbursement rates run $0.325 per mile nowadays (at least at the author’s place of employment).  Vallejo is 30 miles from downtown San Francisco, so compensation up to $9.75 per trip would fall within the cost recovery constraint.  El Cerrito is 15 miles from downtown San Francisco, so compensation only up to $4.87 would fall within the cost recovery rule.  Table 4 shows that driver compensation per trip – under the non-cost based incentives described above – averages $3.89 and $7.87 for Vallejo and El Cerrito, respectively.  The El Cerrito driver compensation exceeds the cost recovery limit significantly.

It is possible that the legal requirements would nevertheless not be violated, if drivers could show that their primary purpose is not to make a profit.  This seems plausible, but also a matter of interpretation. 

conclusion

An electronic “instant” ridematch system is appealing for many reasons.  Our transportation system appears to have incredible unused capacity – in the form of empty seats in single-occupant vehicles.  Advances in technology and in its marketplace penetration create a plausible means to make use of that currently unused capacity.

On the other hand, various instant ridematch experiments have failed, despite attractive technology.  It seems prudent to consider carefully the incentives that potential ridematch participants face.  It also seems prudent to examine carefully the only existing successful instant ridematch system: casual carpooling.

An electronic ridematch system may have its best chance of success by building on the existing casual carpool system.  Clearly, incentives for ridematching exist where casual carpooling exists.  The ridematch simulation model developed and reported here provides a means to explore the applicability of these incentives to an electronic ridematch system.
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TABLE 1  HOV Time Savings for Example Residence Zones (minutes)

	
	          Vallejo           
	          El Cerrito             

	
	Morning
	Evening
	Morning
	Evening

	Time savings
	
	
	
	

	   HOV lane
	15
	15
	6
	6

	   Toll plaza morning)

   or onramp (evening)
	20
	5
	20
	5

	Total
	35
	20
	26
	11


TABLE 2  Base Case Simulation Results – Evening Returning Drivers = Morning Drivers (average over five simulations)

	
	
	Vallejo
	
	El Cerrito

	
	
	Morning
	Evening
	
	Morning
	Evening

	Average number of travelers
	25.8
	26.2
	
	25.6
	26.4

	Average number of carpool drivers
	7.6
	6.4
	
	7.8
	7.0

	Average number of vanpools
	0.0
	1.4
	
	0.0
	1.4

	Average travel times (min):
	
	
	
	
	

	
	Drive alone
	77.2
	45.8
	
	60.0
	30.1

	
	Free-flow
	41.8
	25.8
	
	32.7
	17.8

	
	Ridematch
	48.9
	32.4
	
	40.0
	24.5

	
	
	
	
	
	
	

	Average driver time savings (min)
	22.0
	6.6
	
	13.9
	-0.2

	Distribution of driver time savings/losses:
	
	
	
	
	

	
	save > 10 minutes
	95%
	47%
	
	67%
	9%

	
	save 0 to 10 minutes
	3%
	34%
	
	23%
	49%

	
	lose 0 to 10 minutes
	3%
	13%
	
	10%
	31%

	
	lose > 10 minutes
	0%
	6%
	
	0%
	11%


Table 3  Evening Alternate Case Simulation Results – Evening Returning Drivers > Morning Drivers (average over five simulations)

	
	
	Vallejo
	
	El Cerrito

	Average number of travelers
	26.0
	
	26.8

	Average number of carpool drivers
	6.8
	
	7.2

	Average number of vanpools
	0.2
	
	0.2

	Average travel times (minutes):
	
	
	

	
	Drive alone
	46.3
	
	29.8

	
	Free-flow
	26.1
	
	17.8

	
	Ridematch
	35.8
	
	24.4

	
	
	
	
	

	Average driver time savings (min)
	4.9
	
	1.6

	Distribution of driver time savings/losses:
	
	
	

	
	save > 10 minutes
	44%
	
	14%

	
	save 0 to 10 minutes
	38%
	
	56%

	
	lose 0 to 10 minutes
	15%
	
	19%

	
	lose > 10 minutes
	3%
	
	11%


Table 4  Ridematch Cost Analysis

	
	
	Vallejo
	
	El Cerrito

	
	
	Morning
	Evening
	Total
	Morning
	Evening
	Total

	Vanpool cost
	$0
	$12
	$12
	$0
	$12
	$12

	Driver compensation - savings < 10 min
	$2
	$26
	$28
	
	$18
	$40
	$58

	Driver compensation - time loss
	$4
	$24
	$28
	
	$16
	$44
	$60

	Total cost
	$6
	$62
	$68
	
	$34
	$96
	$130

	
	
	
	
	
	
	
	
	

	Carpool passengers
	17.0
	13.8
	30.8
	
	16.6
	13.4
	30.0

	Total cost per passenger trip
	$0.35
	$4.49
	$2.21
	
	$2.05
	$7.16
	$4.33

	
	
	
	
	
	
	
	
	

	Carpool drivers
	7.6
	6.8
	14.4
	
	7.8
	7.2
	15.0

	Total compensation per driver trip
	$0.79
	$7.35
	$3.89
	
	$4.36
	$11.67
	$7.87


�.	Beroldo, S., Ride Matching System Effectiveness: A Coast to Coast Perspective.  In  Transportation Research Record, No. 1321,  TRB, Washington, DC, 1991.


�.	Casual Carpooling 1998 Update, RIDES for Bay Area Commuters, Inc., January 1999.


�.	Spielberg, F. and P. Shapiro, The Mating Habits of Slugs: Dynamic Carpool Formation in the I-95/I-395 Corridor in Northern Virginia, TRB 79th Annual Meeting, Washington, DC, January 2000.


�.	Kogan, M., Slugs and Body Snatchers.  In Government Executive Magazine, June 1997.  http://www.governmentexecutive.com/features/0697s4.htm.


�.	Kowshik, R. R., P. P. Jovanis, and R. Kitamura, Evaluation of the Sacramento-Area Real-time Rideshare Matching Field Operational Test: Final Report, California PATH Report to Caltrans 96-C5, February 1996.


�.	Giuliano, G., R. W. Hall, and J. M Golob, Los Angeles Smart Traveler Field Operational Test Evaluation, California PATH Research Report UCB-ITS-PRR-95-41, December 1995.  


�.	Haselkorn, M. P., et al., Bellevue Smart Traveler: Design, Demonstration, and Assessment, Washington State Transportation Center, August 1995


�.	Dailey, D. J., D. Loseff, D. Meyers, and M. P. Haselkorn, Seattle Smart Traveler,  TRB 76th Annual Meeting, Washington, DC, January 1997.


�.	Trayford, R. S., C. A. Karl Jr., and Y. K. Luk, Social Equity In Transport, Congestion Pricing, and the Role Of Car Pooling, International Conference on Transportation, Singapore, 1998.


�.	Kirkpatrick, S., C. D. Gelatt, and M. P. Vecchi, Optimization by Simulated Annealing.  In Science, Vol.220, 1983, pp. 671-680.


�.	California Public Utilities Code Section 5353(h).





