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I. SUMMARY QF RESULTS

A. Description of SRAT

Shared ride auto transit (referred to as SRAT in this report} is an
innovative approach for increasing auto cccupancy in rural and urban areas.
In a typical application, registered commuters would use their own vehicles
to carry riders to points along their route to work. A fee may or may
not be charged. No fixed schedules, predetermined ride matches, or full-
time drivers are necessary to the concept, although some of these options
may be included in particular SRAT designs. In short, the concept builds
on the current informal practice of hitchhiking but uses institutional
measures to facilitate ride matching and to ensure the safety of partici-
pants.

Formulation of the SRAT concept was motivated by several concerns:

& enerpy conservation, by increasing auto occupancy,

e transit service extension to areas unable to economically

justify conventional transit services, particularly in suburban
and rural areas, and to particular groups such as the travel

disadvantaged,

e transit service replacement to achieve greater efficiency and
to reduce transit deficits primarily im suburban areas,

e provision of inexpensive transit service to users,

e increasing the safety and reliability of hitchhiking especially
in areas with high concentrations of youth.

Several SRAT system designs could be developed to meet certain of the

above goals. For example, a free, legalized hitchhiking system would
perhaps address the last objective. A managed, structured svstem with
fares, operating rules, and identification would, on the other hand, not
really serve the existing hitchhiking market, but would focus on attracting
a new group of users to the service for energy conservation or cost

savings goals.



Many elements enter into the design of a SRAT system. TFor systems
having a fare, the fare sfructure must be determined. This involves
choosing a method for calculating fare: no fare, flat fare, expense-
sharing, or zone formulas. Payment methods must be developed: cash
(possibly exact change), or coupons are the leading options. Also,
the amount of the fare may be set to achieve specific goals, such as
avoiding regulation as a public conveyance, attracting an acceptable
ratio of riders to drivers, and possibly discouraging jitney operation
disguised as SRAT.

The procedure for matching drivers and riders is another important
element of SRAT system design. Visuai contact is the simplest method,
possibly with the driver or rider displaying identification markings.
Pre-dawn and after-dark operations, which may be necessary for work
trips during winter, create special problems that may require lighted
stops. Citizen's band (CB) radio and the telephone may also be used to
aid matching in some SRAT designs. Electronic contact through the use
of receivers and transponders is another option.

As part of the matching procedure it is important to identify the
driver's route and destination. If sipgns are used, there are tradeoffs
between the complexity of the signs and the amount of information they

convey. Two possible approaches are: origin-destination zone and route

identification. With an origin-destination zone approach, the geographic
area served by SRAT is divided into a set of zones. Drivers would display

a sign indicating their destination; however, riders destined to points
short of the driver's ultimate destination would not know if the driver's
route took them through their destination zone. In the route classification

approach, the information displayed on the vehicle would denote the route
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as well as the destination; riders wishing to travel only to some inter-
mediate point on the driver's trip would then know whether they could
accept a ride with & given vehicle.

SRAT pick-up and drop-off points may range from fairly expensive
shelters with lighting, fixed signs, telephones, bicvcle racks, and
benches, to a system that allows pjck-up and drop-off anywhere. The
locations for stops must also be chosen: expressways, arterials, local
streets, or off-street peoints such as parking lots.

In addition to the operational issues that determine SRAT service
concepts, potential travel markets for SRAT service must be considered.
One application that prompted the SRAT concept was the urban work trip
market. This market can be served by SRAT in several different ways:

~ a system providing service to SRAT users from origin to destination,

either with or without transfers;

- a service that complements existing transit systems by feeding into
or possibly replacing transit operations; or

- an employer-based (or other restricted group) system involving a
fixed pool of participants and some regularity of matches, although still
maintaining flexibility.

Urban non-work trips are also possible SRAT markets in several settings:

- community systems oriented toward shopping and other local trips,
possibly serving the elderly or transportation disadvantaged, and probably
involving some type of advance arrangements; or

- major activity centers (universities, hospitals, etc.) with elements
of both the employer-based and community SRAT concepts.

Finally, rural areas may find SRAT systems useful in several applica-

tions:



- work trip ride sharing, as in urban areas;

- general service for the carless; and

— youth-oriented recreational trips within activity areas.

Depending on the SRAT system design, different agencies or groups
may serve the management function. A government agency (regional transit
district, state department of transportation, city or county government)
will be a candidate operating apency in many cases. However, employers or
community organizations may be logical alternatives for some of the more
restricted concepts. Also, a club arrangement which requires membership
for SRAT participants, both riders and drivers, may be feasible.

There are several options for financing a SRAT system, including

government funding at the Federal, state, or local level. Limited private

financing may be possible for selected aspects of a SRAT system, such as

advertising or promotion. Some SRAT designs, such as the club concept,
may even be self-financing.

The SRAT management agency must perform several key functions in most
of the service concepts discussed above. Its most basic role may be in
registering drivers and riders, both to allay fears for personal security
and to protect passengers against drivers with poor driving records.

It will also have to address regulatory issues at the federal, state,
district and local level, set insurance standards for drivers in the
system, issue operating rules including pick-up and drop-off procedures,
fare level, and hours and area of operation. A related institutional
issue that must be considered is the liability of the SRAT management
agency in case of incidents involving the system. This potential lia-

bility presents further insurance issues.



The remainder of this report discusses factors which are expected to
influence the feasibility of SRAT implementation, focusing on: operational
concepts, potential usage, legal and regulatory issues, and institutional

issues,



B. Study Methodology

The study methodology can be briefly summarized as follows:

Task I - Preliminary Analysis of SRAT Operational Concepts

This task is reported in chapter Il of the report. A set of
alternative SRAT system concepts was developed through a review of the
literature, consideration of stated objectives for SRAT systems, and
summary data collected on urban travel patterns. Feasible ranges of
fares, stop locations, hours of operation, and other considerations
were developed using "sketch" analyses. Also, a set of relationships
to predict the SRAT service levels (walk times, walt times, travel
times, and costs) as a function of rider and driver flows was developed
for use in the more detailed analysis in Task II. Finally, a brief
comparison of SRAT operating and service characteristics with other
paratransit modes is presented.

Task 11 - Demand Analysis

This task is reported in Chapter III. A disaggregate demand model
is used first in a prototypical household analysis to explore SRAT system
designs from the user's point of view and to lead to preliminary estimates
of SRAT driver and rider participation. A series of case studies using
the disaggregate demand model {(and models of SRAT operations develoved
in Task 1) are then presented to assess the feasibility of a series of
SRAT system alternatives. A section of Chapter III then presents the
small amount of empirical data that exists on SRAT-1like systems to
supplement the demand model results. Finally, the results of a set of
focus group interviews with the general public that investigated attitudes
toward SRAT are presented — this is another piece of evidence that can be

used to assess likely participation in SRAT.



Task III - Legal and Repulatorv Analvsis

This material is summarized in Chapter IV. Analysis of legal,
regulatory, insurance, and other such issues 1s presented, to begin to
bound the complex issues facing SRAT implementation. Reference to rulings,
decisions and opinions of wvarious courts and regulatory agencies is used
extensively to assess possible legal and regulatory issues with SRAT., A
summary of these possible issues, and possible ways to minimize or avoid
problems is presented at the end of this chapter. Four case study states
are used.

Task IV - Institutional Analysis

This is presented in Chapter V. The chapter deals with institutional
issues that, while deeply related to legal and regulatory issues, fall
more inte the realm of exploring agency objectives and relationships
rather than legal issues themselves. Four case study urban areas are
used. Alternative SRAT concepts, management agencies, and implementation
strategies are discussed.

To summarize the study methodology, it consisted of roughly equal
effort in four key areas:

e analysis of SRAT operations ("supply") through a set of simple
models, varying demand levels parametrically, to explore alter-
native operating rules and service levels,

® analysis of SRAT demand from three persepctives: a disaggregate
demand model, empirical evidence, and a set of focus group re-

sults on attitudes,

¢ analysis of laws, regulations and other conditions with which
SRAT systems will have to deal in a formal way, and

@ analysis of the institutional structures with which SRAT will
have to deal.

Answers in all these areas are required for a full assessment of

SRAT feasibility.



C. Conclusions

The feasibility of SRAT depends on the answers to three critical
questions:
- What travel patterns, demand densitites and operating rules
are required to effect a level of service that will attract

enough participants to sustain a SRAT system?

— If a SRAT system were available, would potential travelers
(drivers or passengers) use it?

- What legal and institutional barriers must be overcome to permit
a SRAT system to operate?

Travel patterns at a regional level were analvzed for eight sample
U.S. cities to determine average driver flows in peak and off-peak
periods. These average [lows turned out to be quite low (often only one
trip per hour between one square mile suburban areas). Thus SRAT service
is unlikely to be ubiquitious*, in most applications, but must be con-
centrated in areas where the driver density is significantly greater than
averape. Intermediate origins and destinations must be served by driver
trips (instead of only carrying passengers whose entire trip coincides
with that of the driver) in many settings if an acceptable service level
for riders is to be achieved. Unfortunately, the need to concentrate in
higher density markets will bring SRAT into conflict with existing modes
in some cases.

A more detailed analysis of four case study cities shows that it
is possible to find some settings for SRAT in urban areas that do not
directly compete with transit, and yet possess sufficient driver flows

for the SRAT system.**

*
This claim has never been made for SRAT, but it was considered an open
question by the study.

**However, in at least one city, this was taken to be evidence that transit
could be supported in the setting.



The study determined that peaking of work trips is fairly sharp.
Driver flows fall gharply at 9 a.m. and 6 p.wm., creating a situation
that may require provisions for back-up service. Finally, due to the
high transit mode shares to the central business district (CBD} in most
cities, the highest driver flows were actually observed to other parts

of the central city than the CBD,.

Turning to the second issue--potential system usage--several con-
clusions emerge. Urban SRAT systems carrying passengers from their origin
to their destination appear to offer a moderate service level and
may generate a moderate number of riders, based on extrapolation from
observed carpool behavior.* SRAT typically attracted 10% mode shares of
both drivers and passengers in the case studies examined, although these
varied markedly by auto ownership level. In carless households, 30 or
40 percent of work trips would be made by SRAT in many cases, and of
course no drivers are generated. One car-households generat= perhaps
15% drivers and 5% riders, wuile two-car households generate very few
riders or drivers. Thus, based strictly on measured service level at-
tributes, there appears to be potential for attracting participants to
SRAT in well-designed urban applications. Attitudinal concerns, especially
those related to perscnal security and perhaps reliability, could change
this conclusion, however.

Preliminary assessments of attitudes of the general public toward
SRAT indicate that there is some concern over entering a car with strangers

and some apprehension over the system neither having a fixed schedule like

*The models used in this study rely basically on measured variables such
as time, cost and income; they assume that the non-measured attributes

of SRAT like security, reliability, and flexibility are, taken together,
equivalent to carpooling. This may or may not be a valid assumption, but
without actual operational experience with SRAT, it is perhaps the best
prediction that can be made.
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transit nor a prior agreement like carpooling. These concerns would have
to be addressed directly in setting up a SRAT system.

Another area of concern in the model results in the high proportion
of riders from carless households while drivers come from one- and two-car
hcuseholds. Previous carpocling surveys have shown the composition of
most carpools to be very homogeneous; the effect of social differences
is not included in model projections,

Low fare levels (25 or 50 cents) appear to produce the highest SRAT
driver and rider participation. Riders appear to be quite elastic with
respect to fare, and thus expected driver revenues rise as fare decreases,
Relatively low occupancies result for SRAT with drivers picking up cmne
or no passengers on a typical trip. Regional changes in vehicle miles
travelled (VMT) and auto occupancy even with an extensive SRAT system
were neglipible because some SRAT drivers and riders were diverted from
higher-occupancy carpool and transit modes; in fact, VMT actually increased
slightly in a few cases.

Rural systems showed about the same performance as urban systems in
terms of market shares, occupancy, and recommended fare. However, rural
systems may have much greater impacts on trip frequency and mobility
than mode choice. Due to the lack of transportation alternatives and the
simpler institutional structure in these areas, SRAT may be even more
attractive in rural than urban settings. Urban community systems serving
shopping and other non-work trips and employer hased systems restricted
toc employees of a single company were analyzed only briefly: they appear
to have some potential, but because of the restricted number of participants

they appear to regquire some aids to matching riders and drivers (probably
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through the use of the telephone) to operate satisfactorily. Urban SRAT
systems based on strong integration with transit (such as a feeder system)
appeared to be the least feasible concept.

The third basic determinant of feasibility is the legal and insti-
tional framework for SRAT. One of the findings of the study is that SRAT
has three opportunities to escape regulatory problems in most areas:

1) agencies will lack jurisdiction to regulate SRAT (e.g. no ¥are systems),
2) SRAT may qualify for a statutory exemption from regulation (e.g. car-
pooling), 3) regulation would be by a local agency favorable to SRAT (e.g.
the implementing agency). To a large extent, whether and how SRAT is
regulated, especially on the local level, will depend on how persuasive
the SRAT advocates are, and how receptive the regulating agencies are.

No firm guidance can be given, as each situation will have a uvnique set

of characteristics. If SRAT must qualify as a certified common or con-
tract carrier, the burden of compliance is likely to be so onerous that
SRAT cannot be implemented.

If a SRAT agency uses any funds under the Urban Mass Transportation
Act of 1964, it must agree under section 13(c) of the act to protect the
interests of mass transit employees who will be affected by the assistance.
There are several strategies that can be used to minimize the impacts of
this provision, including avoiding competition with existing transit
routes, allowing existing unions some role in SRAT management or opera-
tions, and identifying factors in the service area other than SRAT that
might contribute tc a worsening of employment conditions for transit
workers and including this in the 13(c) agreements. However, since
section 13(c) is really one element of a larger, on-going bargaining rela-

tionship between transit management and labor, scme concessions beyond
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the minimum required by a strict reading of section 13(c) may be necessary
if SRAT is managed by a transit agency. The final measure, of course,

for avoiding section 13(c) issues is to use funding from a source other

than UMTA, such as the Federal Highway Administration Carpool Demonstration
Project funding, state funds, private funds, or to make SRAT self-supporting.
Even some of these sources may have associated labor issues.

A registration procedure for riders and drivers must baiance the added
personal security and confidence of strict requirements with the cost,
possible exclusion of certain groups, and deterrence of potential users
that these requirements might also imply. The limited data available
concerning hitchhiking and taxi crime indicates that the problems faced by
SRAT may not be as serious as first imagined. Nevertheless, a registration
requirement may improve security significantly.

Applicants could be required to fill out an application form and
present verification of valid driver's license, insurance, residence,
vehicle inspection and age. Verification of driving record can generally
be obtained from the state registry of motor vehicles; however, state and
Federal records on past criminal convictions typically would not be avail-
able to a SRAT agency because of state and local privacy laws.

In incidents involving the SRAT system, it is possible that the SRAT
agency would be one of the parties named in any lawsuit. Liability in-
surance may be appropriate; at this point its cost can be estimated only
very generally, but it is not expected to be expensive.

It is assumed that SRAT activities will be covered by ordinary private
passenger automobile insurance policies; insurance company and state in-
surance cofficials have informally agreed that SRAT would not fall within

the clause in many policies that excludes coverage if the car is used as a
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"public conveyance". To offset the concentration of liability of SRAT
drivers who at times may carry several passengers, higher-than-minimum
bodily injury limits are suggested, with limits of $100,000 per person,
$300,000 per accident being perhaps the most appropriate level. The cost
of this additional insurance is expected to be relatively low for drivers
with safe driving records, however, some high-risk drivers may have
difficulty obtaining it, or may have to pay very high rates.

Federal income tax rulings indicate that SRAT would be treated as a
shared-expense carpool arrangement and that fares collected by a driver
would not be treated as income unless they exceed the vehicle operating
expenses. Neither can drivers (or riders) deduct SRAT expenses [rom
their taxable income. Generally, the income tax consequences at the
state level will be the same, since most states rely upon the Federal
income tax definitiens for gross and taxable income. In some states,
however, SRAT revenue would be treated as income and could create extra
paperwork for drivers.

Traffic law considerations make it advisable in most areas to desig-
nate pick-up and drop-off points that are separate from the flow of
traffic. This will add some expense for SRAT and may require riders to
walk greater distances to stops.

The factors that facilitate or impede SRAT implementation vary
markedly from site to site. While a number of potentially serious barriers
to SRAT exist, it appears that by designing the system to reflect a
site's particular institutional setting, most of these barriers can be

overcome.
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There are, however, a number of concerns that will probably have to
be addressed in any urban and some rural applications of SRAT: 1) Police
agencies are likely to express a strong concern for personal security.

2) Covermment agencies were concerned over liability in the event of
crime, especially in areas where insurance costs have increased greatly,
3) There was a fear that if a public agency promoted SRAT, public expecta-
tions regarding security precautions would be increased. 4) Concern over
competition with existing transit services was emphasized by transit and
taxi operators (with only one exception), as well as other agencies, in
all case study cities. 5) The potential for increasing traffic accidents
was cited freauently although it was not perceived to be as difficulr to
overcome as the personal securitv issue. In short, careful design and
promotion of the system will be required to overcome these and other in-
stitutional barriers. Identification of a lead agency to implement SRAT
must be very semsitive to local conditions, with local, regional and

private agencies all being possible candidates in different localities.
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II. OPERATIONAL CONCEPTS

A. Possible SRAT System Designs

Although the basic SRAT concept is very simple, there are several
important operational and design issues which must be addressed for the
system to operate efficiently. This section outlines several different
system designs that may be considered for application in urban or rural
areas.

Chapter II explores a range of operational concepts for SRAT.
Section A details seven possible concepts identified in the study for
further analysis, ranging from work to nonwork trip applications, urban
to rural settings, visual or telephone matching and other variations;
many of these concepts have been proposed for implementation in specific
areas. (See Appendix A for a summary of proposed and existing SRAT
systems.) Section B discusses SRAT operational issues such as fares
lighting, matching, and costs. Section C outlines some of the analyses
of SRAT operations used to derive a set of feasible system concepts
and settings, and to optimize (to the extent possible) the system design.
Section D presents a brief comparison of SRAT and other paratransit

modes, to highlight the key innovations in the SRAT concept.

1. Urban Service to the General Public

This system configuration has been suggested by Mann (1974) and
Stetten (1975) under the names Auto Rapid Transit System (ARTS) and
Community Auto Rapid Transit System (CARTS). The SRAT system carries

riders from their origin to their destination with no integration with
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the transit system. In the ARTS system, two transfers are generally in-
volved for riders, since service is first provided to a central point in
each community, then vehicles leave for other community centers, and
finally different vehicles perform distribution for the passenger trip.
Presumably, one could also park and ride to the first ARTS collection
point. CARTS, on the other hand, is designed to provide service without
transfers from neighborhoods to major activity and employment centers.
Both of these designs were considered within the broader framework of this
SRAT system design.

The urban SRAT design likely would operate only during peak pericds,
as the work trip is the major market. Registration of riders and drivers
is probably required to allay fears for personal security in urban areas.

Many pick-up and drop-off points must be established both in neighborhoods
and activity centers; this will generally preclude sophisticated shelters

at stops. Matching of riders and drivers is done visually, with either

or both displaving signs or relying on fixed signs at stops. Darkness occurs
during the morming or afternoon peak periods during approximately half

the the year in U.S. cities, so some measures must be taken to facilitate
ride matches during darkness or semi-darkness.

A fare is generally envisioned for this system, ranging from 25¢ to
$1.00 per trip, depending on distance and pricing policy; a variety of
fare payment methods are possible.

Such a system would almost certainly operate in several local juris-
dictions and would have te be designed to account for varying local con-
ditions. Competition with the transit system would be minimized through
judiciocus selection of a service area, but some competition is inevitable.

Some competition with taxis might also result. In this design it may be
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desirable to have back-up service along principal SRAT pickup points by
a taxi or perhaps a bus vehicle. Back-up service at the end of the
morning and evening rush hours would assure service to riders after driver
flows fall off sharply. A back-up service could also be used to mitigate
gsome institutional problems, by giving potentially affected mass transit
employees a role in the SRAT system and perhaps a stake in its success.
The management agency for this system likely would be either a
government agency (transit authority, city or county government) or a
private, nonprofit* organization. FEach of these options is analyzed in
the report.

2. Urban System Integrated with Transit

To minimize potential competition with transit and to restrict the
service area to a manageable size during early stages of implementation,

SRAT could operate as an extension of an area's regional transit system.

There are two forms this could take: a feeder system where there is none
presently, or replacement of transit routes that have low service levels
and low ridership.

The SRAT feeder to transit could be established to feed commuter rail
and express bus operations in outlying areas with no existing feeder.
Ideally, the transit stop should be located near a major highway facility
so that drivers other than those who park and ride can offer SRAT service.
Pick-up and drop-off could be anywhere along designated routes or at
designated stops only. Operation would likely be only during peak periods.,

A low fixed fare of perhaps 25¢ would be reasonable in most cases.

*
It is not a strict requirement that the agency be nonprofit, but prefits

do appear to be unlikely.
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Registration of drivers and riders is possible, although it may not
be necessary. Since this system is a many-to-one operation, route or zone
designations are simple. Operaticn of the system could be entirely
within a local jurisdiction in many cases, which will lessen Iimplementation
problems. The c¢ity, transit agency, or a private agency could be the
implementing agency., Taxi service often exists in these circumstances and
serves trips of the sort that SRAT is serving; to minimize competition, the
taxi operator might possibly be given a role in the operaticn, including
providing back-up service.

The second manner in which SRAT would integrate with existing transit
is by using SRAT to replace marginal bus routes or create new routes in
marginal areas. These routes could be left on the transit service map
designated as SRAT routes, and perhaps even have approximate headways

indicated. Stops would probably be at existing bus stops. The hours of

operation would have to span those of the previous bus operation and would
likely involve mid-day and peak service. A fixed fare comparable to that
of the transit system would be charged.

Registrarion is possible although it might be cumbersome. Drivers and
riders would have toc be made aware of routes and transfer points, possibly
through signs at bus stops and large highway signs. Bus service could
remain as a back-up service on long (1-2 hour) headways if desired. The
system would operate in a small number of local jurisdictions and would

have to be well-coordinated with, if not operated by, the transit operator.

3. Service to Major Activity Center

Flexible ride-sharing arrangements can be organized for several
urban activity centers such as universities, hospitals, and possibly

airports. University "eommuter" trips are difficult to accomodate in
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carpool programs due to variation in class schedules from day to day for
each individual. However, if a small group of students pool rides, a
variety of arrival and departure times will result each day, and some
individuals may be able to accept a ride with a different driver each way

instead of having to drive themselves. Such a system could be instituted

by having a university compile and send out lists of students living in
the same area. Fares presumably would be worked out within each group,
with guidelines perhaps being suggested. As an incentive for pooling,

priority parking could be made available by the university.

Registration would probably not be required, as registration at the uni-
versity should be sufficient. This form of SRAT would be so close to

existing carpool arrangements that few legal or regulatory issues should

arise. An informal arrangement like this at Boston College was described

to the study team in one of the focus group interviews (sece Section TII.E.)
The second example of a major activity SRAT application 1is hospital

trips for visitors, outpatients, and possibly employees. This model 1is

discussed below as part of the community system which is very similar.

The third model is a SRAT service for airport trips. Trips outbound
fromthe airport could use visual matching in a designated area: inbound
trips would have to be matched by telephone, probably a day in advance.

A zone fare system could be used, with fairly large steps ($1, $2, . . .).
Pick-up and drop-off would be at the rider's door. Hours of operation
would be set by the period during which flows are high enough to arrange
matches; this might be all day or just during peak hours.

Registrationof riders and drivers is possible, though it may be

unnecessary. The airport is the obvious operating agency for this SRAT
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system; there wculd almost certainly be competition with other airport
ground transportation services, however. This medel has not yet been pro-
posed anywhere, although Massport (1977) has instituted a "Share-a-cab"
service from Boston's Logan Airport in a similar manner. It is

currently making successful matches of riders in peak periods only.

4. Community-based Services

This form of SRAT is intended to provide the same range of services
as community minibus systems: elderly and handicapped trips, shopping
trips, school-age trips, and others. It is possible to organize such a
system either with designated stops and routes and visual matching of

drivers and riders, or by using telephone matching. (It was the strong pre-

ference of the focus group interviews to use telephone matching, although
part of this can be attributed to unfamiliarity with the other option.)
A central call-in number to offer or request rides would have to be maintained
for the phone matching, with call-backs to confirm matches. Such a system
would operate during daytime hours. Either a low fixed fare or possibly no
fare could be charged. People's Transhare in Portland, Oregon uses tele-
phone matching for intercity trips. (See Appendix A.) The system would
rely heavily on volunteers, and it is possible that some would make
special trips for riders, thus operating outside the true SRAT mode on
occasion.

Registration may be desirable in many cases. The town or private
organization are the most likely lead agencies for this SRAT system.
There may be some competition with transit and taxi services: the transit
competition could be mitigated by the dispatcher (if the phone system is

used) directing riders to use transit if it is available for their trip.
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5. Employer-based Systems

This SRAT concept is that of a flexible carpool, not -dissimilar from
the concept mentioned for university trips. Emplovees of the
same or nearby companies who live near each other and wish to carpool
would form the basis for this concept. They would have a fixed match for
days on which they travel to or from work at their regular time. However,
on days when their schedule varies or they miss their ride, they will be
able to ride with another member of the group. This flexibility is pro-
vided by all members of the group passing or meeting at a designated parking
lot or other point near their residences (riders could either be picked up
at their door(arpark—and—ride)-Aﬂ alternative arrangement is for each member
of the group to have a list of the other drivers in the group and thelr
usual travel times, and to simply telephone to arrange a ride at a
different time.

Fares could be set within the group, based on cost-sharing.
Registration would not be necessary. This concept is so close to con-—

ventional carpooling that few problems are envisioned; in fact, it might
be considered an element of a good carpooling program.

6. Rural Systems

SRAT can be applied to rural areas to serve many of the same trips
discussed in the urban cases above. One model of SRAT, proposed by
Clear Creek County, Colo. {(1975), inveolves the construction of shelter
locations in the five concentrations of population 1in the county, with
telephone, bicycle, and wheelchair facilities. Pick-up is restricted to
these locations, although drop-off presumably could be at the rider's
door if the driver is willing. Rural systems in general would operate

all day. Either a low fixed fare or no fare may be charged.
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Registration is possible, but may be unnecessary. Generally there
is no transit in rural areas, and possibly no taxi service. This elim-
inates the problems with competition and at the same time increases the
probable benefits of SRAT. The county or a private agency are possible
implementing agencies.

The target markets for a rural SRAT system include: elderly, handi-
capped, student (all travel disadvantaged groups in areas without transit
or taxl), and work trips. Telephone-aided matching is possible, and in

rural areas the option of using CB radics is attractive as well.*
A final rural market for which SRAT service may be possible is local

recreational trips within a designated area or a community. The service

could be useful to those arriving by public transportation, or for children

and others not having an automobile available for certain trips.

7. Legalization and Promotion of Hitchhiking Only

This is a possible minimum option feor instituting SRAT, with no
further steps being taken to organize a system. While this is the minimum
effort approach, it is alsc likely to yield the least transportation impact.
Many states have already legalized hitchhiking, and it should be possible

for others to alter their laws.

*Use of CB radios appears to be legal as long as no fares are charged in
the system.
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B. General Operational Issues

This section presents operational approaches to the SRAT concepts
described above. The operational approaches were suggested from the results

of using a set of simple models described in Section C.

1. Fare Structure. Analysis indicates that fine gradations in fare

structure are not necessary. A very simple structure should suffice: either

a flat fare or zone fares with large steps for areas too large for a single
fare.* Demand analysis indicates that fares should be quite low for most
trips, and that expected SRAT vehicle occupancy is not high. Because drivers
would not be carrying large amounts of money, cash fares are acceptable from
the security point of view. This is certainly the simplest system to adminis-
ter. Exact fare payment should be encouraged to simplify the transaction,

but it need not be a fixed rule. Coupon systems appear to have few advantages
over cash. Perhaps the only significant one is that, i1f the coupons are lot-
tery tickets, drivers will see this as a larger economic incentive to parti-
cipate than a straight 25 or 50 cent fare; one of the issues highlighted in
the focus groups was that drivers found the economic incentive to participate
in SRAT weak.*%*

With the typically low SRAT fares that appeared appropriate in the ana-
lysis, entry of jitneys into urban travel markets under the disguise of SRAT
does not seem to be likely. If fare levels were high enough toc support
jitney operation in some area, and this was not desired, restriction of SRAT
operation to rush hours only would eliminate the profit-making potential of

the system.

*
Some SRAT systems, such as the employer-based and university systems, can
have informal fare arrangements.

**Womack (1977 found that having monev change hands was a significant deterrant
to regular carpool arrangements.
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Fares must also reflect the demands made upon drivers who must deviate
from their shortest path to pick up and drop off passengers. In general,
since attracting riders to the system appears to be more difficult than at-
tracting drivers, drivers should be required to make some of these deviations
for riders. If the demands on drivers become excessive, however, they will

not participate even at a higher fare.

2. Matching System. In the options requiring visual matching of drivers

and riders, several pieces ¢f information must be exchanged between the
driver and rider. This information may include:

~ membership in the system

- driver's destination

- rider’s destination

- willingness of driver to pick up rider
- willingness of rider to accept ride

The simplest option ié for the driver, upon sighting a potential passen-
ger, to pull over and ask the destination. This is probably feasible in low
density or rural areas, where the number of participants is not large. Also,
for many-to-one systems such as transit feeder or a restricted system such
as a transit route replacement, there is no need to check destination.

In these cases, there may still be a desire for either the driver or
rider to ascertain the registration of the other. The driver’s vehicle could
carry the following identification:

- bumper sticker,

- flag, or

~ identification on the outside of the sun visor in the car.

The rider could carry or wear an identification card.

The willingness to give or accept a ride is an easier matter for the

driver than the rider; the driver can simply not stop. On the other hand, the
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rider has difficulty seeing the driver even after the driver stops. Then,
if the rider does not want to accept the ride, he must communicate this to
the driver in a more personal way. This could create an uncomfortable situ-
ation.

The next level of sophistication in visual matching is to introduce the
use of signs. 1t is possible to have only the vehicles carry signs indica-
ting their destination and possibly their route. Riders would then flag
vehicles that could take them to their destination. A drawback to this sys-
tem is that it would be almost impossible for riders to read signs or symbols
on or inside vehicles during darkness, even at lighted stops, unless the
vehicles were stopped. A prototype lighted vehicle sign was built for this
study but proved impractical. Also, due to laws restricting or prohibiting
windshield signs, such signs would not be easily visible even in daytime to
many riders.

Systems serving a very limited number of destinations could have a
small number of letter or color codes. However, for larger systems, it will
be difficult to tranmsmit all route and destination information, as discussed
in the next section.

Rider signs indicating only destination are also possible. These may
either be carried by riders, which the focus group interview indicated may
be laughed at, or they could be fixed signs at stops. Either type could be
reflectorized for use during darkness; prototype signs were built and were
quite visible at distances of several hundred feet in auto headlights. It is
suggested that the uniform traffic sign standards for "stop" signs (8-10 inch

letters, depending on speed) be used.
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Signs could also indicate "M only" or "F only" for riders willing to
accept rides with male or female only; this was also viewed as silly by the
focus group, however. Some matching system beyond drivers simply stopping
and asking a rider's destination is probably needed in larger urban SRAT
systems, since making multiple stops just to exchange information would be
burdensome for drivers.

If telephone matching is used, it generally would operate through a cen-
tralized dispatcher. CB radio matching could be decentralized (agreement be-
tween rider and driver made directly), or there could be a centralized dis-
patcher as well to relay requests and offers of rides made at different times

or by telephone.

3. Destination and Route Identification. There are two basic options

in the structure of SRAT operations: zone and route classifications of riders
and drivers. With a zone structure, the SRAT service area is divided into a
set of zones; high-density or specialized locations could, of course, be
designated specifically. Drivers for SRAT would have a destination sign for
one of these zones and would pick up riders with the same destination. In
this case, the driver is free to choose any path between the origin and des-
tination; the exact dropoff arrangements in the destination area are discussed
in section 4. A disadvantage of this system is that a rider going to some
destination short of the driver’'s posted destination does not know if the
driver's path takes him through his destination.

The other basic option to match drivers and riders is the route classi-
fication. In this system, the information carried on the auto denotes its

path instead of its destination. Riders with destinations along the path
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would be picked up, since they would also be displaying signs or otherwise
indicating the path along which their destination lies. While this system

has the advantage of letting any potential rider along the route use it,

there are several disadvantages. First, a limited set of routes must be
defined for drivers to follow; this may inconvenience or dissuade drivers.
Indeed, driver paths simply may not be amenable to being classified in a

Toute structure at all. Variations and operations on multiple routes must

all be handled. Finally, if routes traverse areas with differing socioc-
economic characteristics, route matching may deter some potential participants.

Analyses were conducted to find the configurations of SRAT that would
provide the best service level to potential drivers and riders. Service
level is defined here as the wait time, walk time, and travel time to the
passenger; and pick-up/drop-off and deviation times for the driver.

The first matching system analyzed is the zone system. Riders within
the zone must walk to a single stop located at the center of the zone; all
participating drivers must pass this stop and pick up riders going to their
destinations. (The issue of whether drivers must pick up passengers destined
for other points in the direction of their trip is deferred until the next
section.) The critical variable that must be determined is, of course, zone
size. As zone size increases, for example, the following tradeoffs occur:

- average rider walk time increases

- average rider wait time decreases, since more drivers will now
pass the SRAT stop in the center of the zone

- average driver deviation time to pass the SRAT stop increases
By trading off these elements using weights based on people’s observed reac-
tion to walk, wait, and travel time, a "best" zone size can be estimated for

various conditions. This zone size is very strongly dependent on the number
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of drivers per square mile. TIf the number is large, zones can be small to
keep walk and deviation times low, while still providing acceptable wait
times. As driver density decreases, zone size must increase to keep the
expected wait time low. This will increase walk and deviation times.

The results of the analysis of the zone system indicate that for most
applications this concept cannot provide a good level of service to users
even with high driver flows, because the need to walk to only a single point
in a zone produced unacceptable walk times for riders. This result has ob-
vious implications for lighting and other capital expenditures on stops,
since a limited number of stops will not provide good service levels.

The second alternative matching system is a route system, in which
certain streets are designated as the paths which SRAT vehicles will follow.

Riders need only to walk to the nearest designated
street running in the desired direction of their trip, and can hail a SRAT
vehicle at any point along it. This system results in much lower walk times
than the previous option, and can provide adequate service levels at high
driver flows. With SRAT driver flows of five per hour from a one square
mile origin area to a one square mile destination area, the following service

levels for a one-way trip result:

average rider walk time 9 minutes*
average rider wailt time = 5 minutes#x
average driver delay 3 minutes

Routes are spaced approximately 0.9 miles apart at these driver flows. For

comparison purposes, the corresponding values in the zone system were:

* - = -

This is time to walk to pickup: dropeff at door for rider's destination
assumed. In general, this arrangement appears to provide the best balance
between providing good service to riders while not seriously inconveniencing

drivers.

**This wait time can, in general, be expected to have an exponential dis-
tribution, and thus reliability mav be a serious problem.
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average rider walk time = 24 minutes
average rider wait time 7 minutes
average driver delay 2 minutes

il

A third alternative is to have multiple pickup points within a zone.

In this option, SRAT stops are located throughout a zone such that the maxi-
mum rider walk distance is 0.25 mile, which is the typical "walk refusal dis-
tance" for transit service. SRAT drivers would be required to pass all stops
in their origin zone and make all required stops to drop off passengers at
the destination zone. This option places a much greater degree of inconven-
ience on the driver than the previous two options in order to improve rider
service levels. Since it is likely to be more difficult to entice people to
leave their cars at home and become SRAT riders than to merely switch to being
SRAT drivers, placing a greater burden on drivers than riders may be appro-
priate.

Having multiple pickup points produces the best service levels for riders
of any system. At the same driver flows as before, the service level is:

average rider walk time = 3 minutes

average rider wait time 4 minutes
average driver delay 8 minutes

]

The major drawback to the multiple stops per zone concept is that it can be
used only at the driver's origin and destination zones; it is probably un-
reasonable to expect drivers to make extensive tours of intermediate zones to
pick up and discharge riders. The route and zone options, however, work
equally well with intermediate stops as with pure origin-destination matching.
Appendix B discusses the choice of zone size or route spacing in more
detail. While only rough guidelines were given here, it is important to pay
some attention to this element of structuring an SRAT system. All the above

concepts will require signing to aid system operation and possibly even system
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maps to aid drivers and riders. Simple color codes will not be adequate in
most cases.

Turning to the issue of origin-destination matching versus use of inter-
mediate stops, analysis of driver flows in sample U.S. cities indicates that
there are many areas in which flows are not adecuate to provide good service
levels to passengers. Consequently, ways of Increasing the effective density
of SRAT rides available to riders must be explored.

One way to increase the ride density is to have drivers handle rider
trips to and from intermediate points along their trip. A single driver trip
can handle many rider origin-destination pairs, thus multiplying the eifective
amount of service. Tf intermediate stons are served by SRAT drivers,
the effective amount of service available to riders is increased by
an order of magnitude. and adecguate service to riders exists in most
areas, as long as driver participation is reasonable. Rider trips that
are still not well served even with drivers serving intermediate stops

are:

~ trips not destined to areas that have greater than average
concentrations of employment;

- longer '"reverse commute' trips;

- many suburb-to-suburb trips; and

- trips near the fringes of the peak period.

Unless analysis in the actual site shows different results, the SRAT route or
zone system should be structured so that service to these areas is de-emphasized.
A final route/zone option is the use of transfer points in the service
areas, so that a rider trip might consist of three different vehicles: feeder,
linehaul and distribution. While this option does concentrate driver and rider

flows through a limited set of stops, it worsens the service level by intro-

ducing transfers, creating deviations in trips to pass by a transfer point,



and by requiring (presumably) three fares to be paid. In general, demand
analysis showed the one-ride, route-designated system serving intermediate
stops provides wait times averaging only a few minutes with moderate driver
participation rates. Thus, unless one wishes to extend service to the cases
mentioned above that are not well served in the route concept, the transfer

point concept does not appear to be necessary.

4. SRAT Pickup and Dropoff Areas. With any kind of matching system,

there are two basic choices in handling the point at which the driver and
passenger make contact; line stops, in which a rider hails a driver (or the
driver looks for passengers) anywhere along a specified street or route, and
fixed stops, which are a specified point at which drivers and riders meet.
Several characteristics of line stops involve some tradeocffs. Being
able to hail a SRAT vehicle at any point minimizes rider walk distance. How-
ever, it makes it more difficult to match people; drivers must be constantly
on the lookout for riders, and riders may have to make strenuous efforts to
attract drivers' attention, especially in bad weather or after dark. Tt will
be difficult in most cases to provide pull-over lanes everywhere; thus, there
may be objections on safety or traffic reasons from police or traffic depart-
ments. Passengers may also be tempted to stand out in the roadway to increase
their visibility, also causinga safety problem and possibly violating hitch-
hiking laws. No shelters or lighting can be provided without fixed stops.
Finally, dropoff of riders at any point is more feasible than pickup, since
there is no matching problem, and the driver has more latitude in choosing
the dropoff point than the pickup point, and would be able to pull over more

safely.



-32-

Thus, it appears that fixed stops may have to be used in most circum--
stances. Where feasible, however, line stops can be used to provide a better
service level to riders by decreasing their walk time. The facilities pro-
vided at stops will be dictated by the climate and the capital resources of

the system.

5. Registration: Registration of SRAT riders and drivers is an impor-

tant factor in implementing a SRAT system. While it is theoretically possible
to register only drivers, or only riders, registering both is the preferred
procedure.

The goals of a registration procedure are to protect SRAT members from
traffic accidents and criminal incidents. Registration is discussed in detail

along with other legal issues in Chapter IV.

6, Management Options. There are two major issues in SRAT management:

how much management should be provided, and what institution{(s) should manage
the systen.

The major management functions that a SRAT agency may perform include:

~ registration of riders and drivers, including issuing and verifying
applications, and issuing identification cards,

- promotion of SRAT,

- enforcement of operational rules, investigation and arbitration of
complaints, and

- liaison with other regional, state, and local agencies.
Not all of these functions need to be undertaken by the management agency.
For example, enforcement may be left to current police efforts and peer pres-

sure; disputes may be left to the courts; and so on.
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Chapter V provides a preliminary discussion of the possible institutions
that could manage SRAT; these include private agencies or nonprofit corpora-
tions, transit operators or districts, cities, counties, state departments of
transportation, special government agencies, employers, and others. Coopera-
tion will be required from a set of other agencies, including state and local
regpulatory agencies, police, local traffic and highway departments, and state
motor vehicle departments. The exact structure of the arrangements will vary

markedly from site to site.

7. Anticipated SRAT Costs. The cost of a SRAT system will depend not

only on the size of the system, but also on the sophistication of the system
design and registration procedures, the extensiveness of the promotional cam-
paign, the number of managerial personnel required, and the extent, if any,
of insurance coverage for the managing agency or the participants. Estimated
cost figures, indicating a range of effort, are listed below for each aspect
of SRAT operation. The cost of implementing various SRAT systems ranges from
about $5,000 to $150,000.

At the lower end of this continuum, SRAT potentially could be self-
supporting by charging each perscn a fee to cover registration costs, utili-
zing existing agency personnel or volunteers, using cash instead of tickets,
not using shelters, providing minimal liability insurance for the managing
agency (to cover negligence) and securing the assistance of local merchants,
citizens' groups, media and corporations (especially o0il companies) in pro-
moting SRAT. This type of system could cost very little and also help gain
support, enthusiasm and participation from local community members.

At the upper end of the continuum, outside financial assistance would



—34-

be necessary to provide salaries for administrative personnel, construction

and promotion expenses, printing of tickets and insurance coverage.

Registration Costs: $5-3%25 per person, possibly covered by registration fees.

These costs depend on whether criminal and driving records are checked,
whether fingerprinting is required, and how sophisticated such items as iden-

tification cards, car stickers, and signs are.

Administration: $0-$25,000 annually. These costs vary widely, depending upon

whether existing personnel or volunteers can be used.

Promotion Costs:

Mailing:
Low: 4,000 households = 8 500
Medium: 30,000 households = $ 4,000
High: 100,000 househcolds = $13,000
(Costs can be lower if first-class mail is not used.)
Posters:
Low: provided by corporations = $ 0
Medium: $2 @ poster (black and

white) x 500 = $ 1,000
High: $5 @ poster (color) x

500 = $ 2,500
Radio:

Low: public service announce-
ments = $ 0
Medium: 10 times per week @

$20/minute for 3 wks. = $ 600
High: 20 times per week &

§50/minute for 3 wks. = $ 3,000
Newspaper Ads:
Low: have local papers write news

or feature articles = $ 0

Medium: 1/16 page ad @ $300

each x 10 = $ 3,000

High: 1/16 page ad @ $600
each x 10 = $ 6,000
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(Promotion Costs, cont'd.)

Shelters: $3,000 each ($2,000 structure, $1,000 installation)

Low: mno shelters, warm climates = S 0
Medium: 5 shelters = $15,000
High: 20 shelters = $60,000
(These costs will be higher in major urban areas.)
Signs: 5 signs 20 signs 100 signs
Low: $35 @ sign 3175 $ 700 $ 3,500
Medium: $35 @ sign+

$20 installation $275 $1,100 $ 5,500
High: $80 @ sign +$20

installation $500 $2,000 $10,000

(These costs will be higher in major urban areas.)
Insurance:
Liability insurance for SRAT managing agency; only liability covered

would be for negligence in screening. Limits: $100,000 bodily injury
coverage per incident; $300,000 property damage coveragé per incident.

100 Participants 500 Participants 1000 Participants
Low: $.50/person $ 50 $ 250 $ 500
Medium: $1.00/person 100 500 1,000
High: $2.00/person 200 1,000 2,000
Tickets:
Low: use cash =8 0

Medium: @ $.006 each-
500,000 tickets

High: @ $.006 each -
500,000 tickets +
distribution machines
at $500/each - 6 ma-
chines

$3,000

Il

1

$6,000

It should be noted that many of these costs are one-~time expenses only.
The continuing costs consist of administration, insurance, maintenance of signs
and shelters (not estimated), promotion {perhaps at a lower scale), and

tickets (if used).
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If a system has 500 members, 20 stops, a part-time administrator
($10,000 per year), free promotion except for mailing and a medium level
of newspaper advertising, and liahility insurance for the system, the annual
cost per member would be about $31, spreading fixed costs over 5 years. $20
of this amount would go for administration, $7 for promotion, $3 ($15 pro-
rated over 5 years) for registration, $1 for liability insurance, and less
than $1 for signs at stops. In addition, high liability limits ($100,000
per person, $300,000 per accident) on a personal auto insurance policy would
cost SRAT participants a considerable amount; the cost of $100,000/
$300,000 insurance is estimated bv the Insurance Services Office to be
897 higher than the more typical $10,000/520,000 limits carried by drivers

of private autos.
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C. Empirical Analysis of SRAT Operations

(Note: This section contains data in support of several issues
discussed in the previous section. Readers not interested in technical
" details may proceed to section D.)

1. Basic Data

The study compiled data about travel patterns in several U.S. cities
to form a background for analyzing the role and impacts of SRAT systems.
The cities were chosen based on data availability, geographical distri-
bution, and size distribution. Nine cities were selected, as follows:

Boston, Massachusetts

St. Louis, Missouri
Louisville, Kentucky
Seattle, Washington
Stockton, California

Fall River, Massachusetts
Manchester, New Hampshire
Oklahoma City, Oklahoma
Colorado Springs, Colorado

Table 1 shows basic home-to-work trip data as obtained from the 1970
U.S. Census for each area. Three modes of travel are shown: auto driver

(AD), auto passenger (AP), and transit rider (7). The zone definitions

are:
Zone 1 - CBD
Zone 2 - Central city, outside of CBD
Zone 3 - Rest of SMSA, outside central city
Zone 4 — Qutside SMSA



Table 1
Source: 1970 Census
Daily Work Trips

SMSA Mode From Zone ? to: Frem Zone 3 to:
Zone 1 Zone 2 Lgizone 3 Zone 4 Zone 1 Zane 2 Zone 3 Zone &
Boston AD 5178 51729 30906 3054 17598 92138 389680 37488
AP 1678 12218 6265 1053 4677 16639 71670 4852
T 24083 61197 14831 1447 28623 45293 45350 2178
St. Louis AD 4971 83662 29923 821 11668 135804 337986 8231
AP 1855 24360 7910 199 3439 24667 56451 1185
T 6076 34120 7270 178 3945 9129 10187 317
Louisville AD 13587 49489 22040 1753 14625 53869 65776 4255
AP 4130 11439 5002 352 2781 7424 12550 765
T 6304 9135 2250 70 1411 750 1180 30 .
(™)
Seattle AD 10562 116593 24133 2365 8723 103065 124039 7409 T
AP 3476 19876 2990 442 2097 12099 13431 921
T 10421 21037 1570 258 1737 2185 814 216
Stockton AD - 19293 7631 979 - 17397 25085 3817
AP - 2617 1303 126 - 1684 2964 426
T - 949 231 36 - 286 132 59
Fall River AD 1766 13667 1084 6237 927 7262 3056 6256
AP 517 5952 239 2008 153 1110 441 816
T 327 1458 a5 131 - 149 46 32
Manchester AD - 13498 1027 3585 - 3425 1035 1171
AP - 5403 326 542 - 665 253 198
T - 2212 78 54 - 140 39 27




Table 1 (cont.)
Source: 1970 Census

Daily Work Trips

From Zone 3 to:

SHMSA Mode From Zone 2 ta:
Zone 1 Zone 2 Zone 3 Zone 4 Zone 1 Zone 2 Zone 3 Zone 4
Oklahoma City | AD 9059 95607 10396 21131 4296 47330 33937 2219
AP 2776 14242 1742 220 963 6267 3910 257
T 960 2256 165 70 120 151 266 45
Colorado AD - 31301 9335 661 - 14278 13276 726
Springs AP - 3574 1142 71 - 1541 1601 96

..6{_
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Table 2 shows autc trip data for all trip purposes for these cities.
Home-based work trips (HBW) are the number of one-way trips: there is a
roughly equal number of work-to-home trips. Home-based other (HBO)
trips (shopping, social/recreational, etc.) are given, as are non-home-based
(NHB) trips and external trips (EXT) passing through the area. This data
is derived from transpeortationstudies for the various areas (PMM, 1972),
which were done at various times and cover areas different from those in
the Census data; thus, some minor differences in data will exist. Table
2 also gives average trip lengths, average auto occupancies, and the break-
down of total travel in each city by facility type: expressway, arterial, and
collector.

Table 3 shows the land areas covered in the Census and the various
transportation studies. The so-called 24 hour volume capacity (V/C) ratio
of each area’s highway system is shown as a measure of congestion and
volume. The two-way average annual daily traffic (AADT) on arterial streets
in each city can be derived from these estimates and is shown in the table.

Table 4 shows the percentage of work trips and all trips over the day
for each city; note that peaking is very proncunced. Finally, Table 5
was produced as the end product of Tables 1-4, Table 5 shows the number of
auto driver work trips from any one square mile area (of each zone)
to any other one square mile area (of each zone) by time of day.*

Thus, in the hour beginning at 6:00 AM in Boston, there are eleven drivers

per hour making work trips from each square mile of the central city {(zone 2)

*The CBD is assumed to be one square mile in all cities in the absence
of more reliable data for most of the cities shown.
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to the CBD (zone 1). This computation assumes complete uniformity of
trip origins and destinations over each zone.

This data forms the basis of the supply analysis. A general conclusion
that emerges is that the average auto driver densities in U.S. cities are
really quite low. A SRAT system could not operate in origin-destination
trip-matching fashion with one square mile zones in most regions, even

with 100% driver participation.

Two important conclusions are suggested by Table 5:

a) SRAT service is unlikely to be ubiquitous, but must be concentrated
in areas where the driver density 1is significantly greater than the
average, and/or

b) intermediate origins and destinations served by driver trips must
be able to hail rides if an acceptable service level is ever to be
achieved. This need to concentrate in higher-density markets will

bring SRAT more into conflict with existing modes.



Table 2

Summary Travel Characteristics

giiber;iips; Boston St. Louis Louisville Seattle Stockton Fall River Oklahoma City Colorado Springs
HBW 1,147,000 800,000 271,000 456,000 56,000 32,000 217,000 66,000
HBO 1,861,000 1,171,000 343,000 856,000 126,000 90,000 596,000 173,000
NHB 1,006,000 371,000 165,000 435,000 72,000 58,000 357,000 71,000
EXt. 150.000 111,000 56,000 95,000 63,000 50,000 380,000 36,000
Census HBW 628,000 614,000 226,000 398,000 75,000 40,000 204,000 69,000

*
Trip Length:

-y

HBW 28 8.0 31 8.2 25 6.3 25 7.6 16 4.2 13 2.5 29 5.3 16 4.3
HBO 19 3.9 19 4.6 20 3.7 16 4.2 12 2.6 11 2.0 23 3.1 13 2.9
NHB 19 4.1 21 4.9 19 3.8 16 4.2 13 2.5 11 1.7 24 3.2 12 2.5
Ext. - 19.0 - 21.7 - 18.1 - 15.0 - 10.1 - 5.9 - 25.2 - 12.5
Occupancy:
HBW 1.29 1.25 1.25 1.27 1.16 1.60 1.23 1.22
HBQ 1.61 1.74 1.89 1.66 1.50 1.65 1.58 1.59
NUB 1.34 1.61 1.51 1.32 1.23 1.41 1.42 1.24
B
% of Trip: J
N expressway 32.2 - - 21.8 19.9 11.7 - -
jon arterial 60.8 - - 64.6 70.2 Bl.4 - -
wollector 7.0 - - 13.6 9.9 6.9 - -

L

Manchester: 31.07% expressway, 55.3%7 arterial, 13.7% collector.
Boston SMSA considerably smaller than Boston transportation study area; other comparisons acceptable.
* guto driver trins (min.) (miles)



Table 3

Summary Land Area Data

Land Areas:

i Dy
Central City
Urbanized Area
SMSA

Transportatcion
Study Area

24-hour V/C ratio

AADT: (two-way)

Average 2-lane
Arterial

Average 4-lane
Arterial

Boston St. Louis Louisville Seattle Stockton Fall River |Manchester |Oklahoma CitylColorado Springs
60 50 50 80 25 20 30 300 64

1200 500 180 400 35 40 35 500 90

1400 5000 1000 6000 900 150 120 1250 2000

2500 1640 910 1000 190 110 220 1250 2590

0.64 D.48 0.44 0.49 0.26 0.59 0.30 0.30 0.23

10000 7500 7000 8000 4000 9000 5000 5000 4000

20000 15000 14000 15000 8000 18000 9000 9000 7000

-€y-
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Table 4

Time~of-day Factors for Urban Travel
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per Square Mile {0-D)

Auto Drivers per hr.

Table 5:

SEATTLE

ST. LOUIS LOUISVILLE

BOSTON
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2. SRAT Route and Stop Analysis

This section summérizes key findings for SRAT route and stop loca-
tions. The analysis depends on simple formulations of rider wait and
walk times, and driver pickup and drop-off times as a function of driver
and rider flows. These relationships are summarized below, with deriva-

tions given in appendix B.

Let K = rider walk time from home te SRAT stop {(min.) expected
W = rider wait time for ride to destination at SRAT stop (min.)
T = extra driver time required to pass SRAT stops to search
A = area around each SRAT stop from which riders are drawn (mi?)*
p = driver flow rate (drivers/h0ur/mi?) as defined in section

IT.B.1.
M = maximum walk distance for SRAT riders to SRAT stop (min.).

Relationships for K, W, and T as a function of A, p, or M are shown for
three SRAT route/stop options:

~ one stop per zone, in which a single designated pickup and drop-
of f point serves riders from a surrounding area (zone),

- one route per zone, in which pickup and dropoff are allowed at
any point along a single route (street) through a zone,

-~ multiple stops per zone, in which several pickup and dropoff
points are established in each zone (not necessarily along a
single street) and all SRAT drivers are required to pass all of
these points; this is the only option in which drivers are required
to deviate from their normal path.

Table 6 shows K, W, and T, and Figure 1 graphs these relationships.
As can be seen, there is a tradeoff between rider wait time, and rider
walk time and extra driver time as zone size (A) varies. TFurthermore,
by weighting K, W, and T appropriately, a "best' zone size A as a function
of driver flow p can be determined for each of the three stop options
outlined above. These three options can then be compared and recommend-

ations made as to a 'best" option. Appendix B again gives details of

*Passengers are always assumed to walk to the nearest SRAT stop from thedir
origin.
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Figure 1

Wait, Walk, Driver Time As Function Of Zone Size A
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_L{]._



-48-

Table 6

Summary of Wait, Walk and Driver Times
for SRAT Stop Configurations

Stop Walk Wait Driver
Option Time Time Time
—x L R
. 2
One Stop 102 30/ pA 0
{ne Route 5VA 3O/pA2 0
) 2
Multiple Stops 10M 30/ pA BA
' A
| |
One Stop: 1 0 |
|
| |
A
One Route: f;L4¥4L4L4L4L4L4;4LLm
‘ |
1
Ao
0 o
0
o}

Multiple Stops:
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of these computations.
Table 7 summarizes the wait, walk, and driver times at various

levels of driver flow 0, using the following weights ¢ for K, W, and T:

c (W) =1
¢ (K) = K
c (T) =1

Wait time and driver time are weighted equally. Walk times are given a
proportionally higher weight as the time increases. A one-minute walk
is weighted the same as wait or driver time, but a two-minute walk is
weighted four times as much as a one minute walk:

e(K) . K = K

These weights were chosen based on travel demand coefficients and
on the cobserved fact that transit ridership falls sharply with walk dis-
tance. They reflect our best judgment at this time. However, these
weights are very uncertain for SRAT service, and appendix B outlines
how to use alternative weights.

Referring to Table 7, in the one stop per zone options, even at
driver densities of 20-50 drivers/hour/mi1e4, the average walk distance
is about 1/4 mile (5 minutes), with the maximum walk being about 1/2
mile. Also, even at p = 50, the average rider wait time, assuming
uniform headways, is 15 minutes. With some variability in the arrival
rate of drivers which must be expected, actual wait times may sometimes
be more than a half hour. Thus, the single stop per zone SRAT does

not appear very attractive.



Service Levels Produced by SRAT Stop Configurations

Table 7

One Stop: One Route: Multiple Stops:
Driver Area Wait Walk Driver Area Wait Walk Driver Area Wait Walk Driver
Flow A% W K T A% W K T A% W K T
o ,
(pi.2) (min.) (min.) (min.) (mi.z) (min.) (min.) (min.) (mi.2) (min.) (min.) (min.) |
i
0.1 1.8 92.6 13.4 0 2.9 35.7 8.5 0 4.6 14.2 2.5 27.6
0.5 1.1 50.0 10.5 0] ' 1.7 20.8 6.5 0 2.7 8.2 2.5 16.2
1.0 0.8 46.9 8.9 0 1.3 17.8 5.7 0 2.2 6.2 2.5 13.2
5.0 0.5 24.0 7.1 0 i 0.8 9.4 4.5 0 1.3 3.6 2.5 7.8 [
10.0 0.4 19.4 6.3 0 0.6 8.3 3.9 0 1.0 3,0 2.5 5.0
|
20.0 0.3 16.7 5.5 0 0.5 6.0 3.6 0 0.8 2.3 2.6 4,8 i
;
50.0 0.2 15.0 4,5 0 0.4 3.8 3.2 0 0.6 1.7 2.5 3.6 ]
A% — " optimal" zone size for given driver flow p and stop configuration.

_Og_
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The "one route per zone' option provides better wait and walk times
at every driver flow and is thus preferred on service level grounds,
although legal, institutional, or safety considerations may require the
use of single designated stops.

In the "multiple stops per zone'" option, SRAT stops are located
throughout an SRAT zone such that the maximum walk distance M is 1/4 mile.
All drivers must pass all stops at the origin, and make all required stops
to drop off passengers at the destination., Note that, unlike the previous
options, this scheme can be used only at the origin zone and destination
zone of each driver's trip as only a single stop is reasonable in inter-
mediate zones. Thus, the system will operate with "pure'" O-D matching of
riders and drivers with no intermediate stops. This option provides the
best service levels of the three alternatives, but requires, in some cases,
considerable extra driver time, which may dissuade their participation,

-

3. Alternative Means for Matching Riders and Drivers

The analysis presented in the previous section indicated that means
to raise the driver flow rate p seen by SRAT riders should be explored, as
5RAT does not appear to provide good service levels at low driver flow
rates. Furthermore, Table 5 had indicated that driver flow rates are
often quite low in typical U.S. cities.

The effective amount of SRAT service can be multiplied dramatically
by drivers handling intermediate stops on their trips. A single driver
trip can serve many rider origin-destination pairs. The details of the
analysis of the effect of intermediate stops on service levels are presented
in appendix B. The results of the analysis are shown in Table B. The
effect of intermediate stops varies with trip length, as a driver trip

can serve many short trips along its path, but only a few longer trips.
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The first columm of Table 8 shows trip length relative to the regional
average trip length L, I, is typically 5 to 8 miles for work trips.

The second and third columns show a typical trip length distribution
for an urban area; this is another element in the computation. The fourth

1

column labeled "'ride density' shows the combined effect of trip length
distribution and the handling of intermediate stops on the driver flow
p seen by SRAT riders wishing to travel various distances. If the regional
average driver flow is, say, 2.5 drivers/hr./mif+, a SRAT rider wishing to
go 0-0.2L miles, would have an effective driver flow of 123.2 . 2.5, or
308. A rider wishing to travel 1.0-1.2L miles would see a driver flow
of 11.3 . 2.5, or 28. By referring to Table 7, wait and walk times
corresponding to these values of P can be found.

The effect of intermediate stops is therefore quite large, increasing
effective driver flow by an order of magnitude over that provided by
strict origin-destination matching.

4, Example Case Study: St. Louis

Table 9 shows average SRAT rider wait times by hour in St. Louis.
The table assumes:
e 100% driver participation, as a limiting case,
1

® a "single route per zone' service configuration

# drivers will pick up and drop off passengers at intermediate
points along the driver's trip,

. . .2 . .
o a zone size (A) of approximately 0.6 mi. (0.8 wmi. by 0.8 mi.)
is used for the computations; an average rider walk time of
4 minutes both at the origin and destination results,

@ 307 of the average driver trip is on an expressway, on which no
intermediate stops are made.
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Inspection of the table shows that high driver participationis critical for
most suburban SRAT service and the longer central city trips. Low driver

participation may cause very low gservice levels in these cases.
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Table 8

Effect of Intermediate Stops on SRAT Service

Proportion of Cumulative

Trip Length Total Trips Proportion of Trips Ride Density

0-0.2L .062 .062 123.2
0.2-0.4L .129 .191 79.9
0.4-0.6L .146 337 51.0
0.6-0.8L .138 457 31.9
0.8-1.0L .119 .594 19.4
1.0-0.2L .098 .692 11.3
1.2-1.4L 077 .769 6.2
1.4-1.6L .060 .829 3.1
1.6-1.8L .045 B74 1.3
1.8-2.0L .034 .908 0.4

>2.0L 092 1.000 -



Table 9

SRAT Wait Times for St. Louis

Zone 1:
Zone 2:
Zone 3:

CBD
Rest of central city
Urbanized area cutside central city

From 2 to: From 3 to:
1 2 3 2
Distance: 2 5% 10| 2 5 10 5 10 10 2 5 10 10
Hour:
6 a.m. 0.5 4.8 - 0.3 0.7 3.4 5.6 14.0 72.2 2.8 1.1 2.8 14. 3. 9.4 48.
7 0.3 2.9 - 0.1 0.3 1.7 2. 7.0 36.1 1.4 0.6 1.5 7. 1. 4.0 20,
8 0.6 5.7 - 0.3 0.7 3.7 5.6 14.0 72.2 3.1 1.3 3.1 16. 3. 9.4 48,
9 a.m. 2.8 26.7 - 1.3 3.1 16.11(22.4 56.2 289.0 13.1 5.6 14.0 72,2|11.2 28.1 144.
3 p.m. 0.9 8.6 - 0.4 1.1 5.6(11.2 28.1 144.4 4.7 1.9 4.7 24, 5.6 14,0 72.
4 0.4 3.8 - 0.2 0.4 2/34 3. 9.4 48,2 1.9 0.8 2.0 10. 2. 5.6 28.
5 0.4 3.8 - 0.2 0.4 2.34 3. 9.4 48.2 2.0 0.8 2.0 10. 2. 5.6 28.
6 p.m 1.2 11.5 - 0.6 1.5 7.6(11.2 28.1 144.4 6.3 2.8 7.0 36.1|11.2 28.1 1l44.
Times in minutes.
a) assumes no suburban drivers pick up or drop off

_gg_
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D. Comparison of SRAT with Other Paratransit Modes

The study explored the tradeoffs between SRAT and other paratransit modes in
terms of cost, time, vehicle occupancy, vehicle-miles travelled, and other
incicators. For work travel, SRAT was compared to carpooling and vanpooling,
and for nonwork travel SRAT was compared to dial-a-ride. Rigorous cemparisons
were not possible in elther case because travel demand, supply, and cost
models for these modes are either experimental or nonexistent, and
empirical evidence is also highly variable and site-dependent.

Table 10 gives a summary of the key service characteristics of the modes.
All the entries in Table 10 are intended to be representative of the typical
gituations in which each mode is used. Specific cases will exist in which
the general characteristics shown in Table 10 will not apply.

While SRAT provides the best travel time of the three work-trip
modes shown, it has wait and walk time components that the others don't.
SRAT's better flexibility is also traded off against the other modes’
better reliability and security. Finally, SRAT costs per user and vehicle
occupancy are not likely to be as favorable as the other modes', but are
still better than those of single occupant auto. Thus, this table points
out SRAT is a desirable mode 1f travel time savings and flexibility are
the key considerations, but that carpool or vanpool programs will be
preferred if wait time, walk time, reliability, and security are more
important,

While no comparison with conventicnal transit is shown, SRAT is preferred
with respect to travel time, while transit is preferred as regards reliability

and security. All other attributes may favor either SRAT or transit, depending
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Table 10

Comparison of SRAT and Other Paratransit Modes

Work Travel

MODE
Attribute: SRAT Carpecol Vanpool
Travel time near auto, near auto, substantially
(in-vehicle) little pickup slightly more greater than
time pickup time auto
Wait time dependent on none none
driver flow,
variable
Walk time usually almost nomne almost none
several minutes
Reliability driver arrivals good good
variable
Flexibility multiple single single
departures departure departure
Security possible excellent excellent
problems
Cost per user low, if expected to lowest, due to
sufficient be lower highest occu-
occupancy than SRAT pancy, even
with higher
vehicle costs
Vehicle occupancy variable, 1-4, stable, 2-4 stable, 8-15
average may be average
less than 2 near 3
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Table 10 (cont.)

Nonwork Travel

Attribute

MODE

SRAT

Dial-a-Ride

Travel time
(in-vehicle)

Wait time

Reliability

Flexibility

Security

Cost per user

Vehicle occupancy

near auto

dependent on
driver flow,
variable

driver arrivals

variable

multiple
departures

possible problems
low
variable, 1-4,

average may be
less than 2

substantially
greater than auto

dependent on
system, predictable

good, some varia-
bility in pickup
and travel time

ride availability
usually certain,
advance request
often required

excellent

higher due to
labor costs

variable, 1-20,
typically average
3-8 passengers/hr,
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on site-specific factors.

Turning to the nonwork mode compatrison, almost the same tradeoffs
exist as in the work case. SRAT provides better travel times, possibly
better wait times, flexibility (although this is system-specific),
and probably lower costs. Dial-a-ride is preferred on its walk time,
reliability, and security.

It is difficult to assess the importance of the attributes shown in
Table 10 in any general way, and thus the choice of system will be influenced
by local conditions and assessment of the attributes. Previous research
in demand modelling has indicated that wait times and walk times are more
important to users than in-vehicle travel times. Costs in many cases are
found to be less important than travel times. Security is often rated
very highly in attitude surveys in transportation research, but its
relationship to other attributes is not clearly established. The
relative Importance of reliability and flexibility has not been well

established.
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ITT: POTENTIAL T%'3E OF SRAT

Chapter 3 presents multiple approuaches to assessing potential driver
and rider demand for SRAT. Section A describes the disaggregate demand
mode] used for the analysesin Sections B and C. Section B undertakes a
prototypical household analysis of the SRAT supply/demand equilibrium process.
This quantitative analysis is first conducted in a simplified setting.
Later, a variety of policies, each designed to enhance the attractiveness
of SRAT, are introduced and their effect on SRAT supply and demand
potential is analyzed. Secticn C extends the use of the disaggregate model
to case studies using data from four U.S. cities., Section D presents
empirical evidence of SRAT demand from SRAT-like systems in Pittsburgh,
Pennsylvania & Ft. Collins, Colorado, Last, Secticn E outlines the
results of focus group interviews of suburban Boston residents conducted

to assess consumer reaction to the SRAT concept.
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A. Demand Modelling Strategy

An analysis of SRAT demand must explicitly address both the demand for
passengers and the supply of drivers. The supply and demand for SRAT ser-
vice are strongly interrelated. Consider, for example, the "experimentation"
process after the introduction of SRAT service when some commuters shift modes
in an attempt to find the best service. If, after an initial entry of a
certain size SRAT driver fleet, the short run equilibrium results in a high
system ridership and a commensurately high revenue for drivers, additional
drivers may be induced to enter the market. Conversely, if after an initial
entry of a certain number of SRAT passengers, passenger wait times are rela-
tively low (i.e., because of a large SRAT driver fleet), more commuters may
be induced to use SRAT as passengers. Because of their strong interrelation-
ship, the study modelled both the SRAT driver demand and the SRAT rider
demand simultaneously.

Three variables represent the linkage between SRAT riders and SRAT
drivers:

— SRAT rider wait time is inversely proportional to the number of
SRAT drivers;

~ SRAT driver revenue is proportiomal to the number of SRAT riders;

- SRAT driver (and rider) travel time increases with the number of
riders picked up and dropped off.

A simple "equilibrium" model was constructed to examine likely driver
and rider participation. Commuters were assumed to have six choices of
mode to travel to work:

- auto driver, alone
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- auto driver in carpool

— auto driver for SRAT

— auto passenger in carpool

- auto passenger in SRAT

- transit passenger {(when transit is available)

Each of these six modes was described by three level of service
variables:

- in-vehicle travel time

- out-of-vehicle travel time (walk, wait, transfer)

~ out-of-pocket travel cost.
Three market segments based on auto ownership level (0,1, and 2+ autos)
were used to represent the variation in socio-economic characteristics
(income, household size, auto ownership, number of workers, etc.) that
also affects mode choice to work. Analysis was then done in several case
studies to predict the probabilities of using any of the six travel modes
under varying conditions.

A disaggregate behavioral demand model was used in this "equilibrium"”
model to predict these probabilities. The model was calibrated in Boston,

Massachusetts, on existing ridesharing behavior, which is assumed to hold

for SRAT as well. Needless to say, the original observations in the data

set of shared ride drivers and passengers did not represent SRAT patrons;
they consisted of carpoolers and/or intra-household ride sharers. The

two SRAT modes (driver and rider) were added to the model after calibration.
This mode split model was employed in the analysis because it appears to be

the only disaggregate logit work mode split model which explicitly in-
corporates both shared-ride driver and shared-ride passenger modes. The
model specification and estimation results are shown in Tables 11 and 12
respectively. The values of time implied by the estimated model coefficients

are displayed in Table 13.
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Table 11

Work Mode Choice Model

Definition of Variables

Variable Code Definition
D = 1 for drive alone
da 0 otherwise
Dyrg = 1 for shared ride driver
0 otherwise
DSrp = 1 for shared ride
0 otherwise
IVTT = Round trip in-vehicle travel time
(in minutes)
QVTT = Round trip out-of-vehicle travel time
{in minutes)
OPTCga = Round trip out-of-pocket costs for drive
alone & shared ride driver (in cents)
OPTCSrp = Round trip out-of-pocket costs for shared
ride passenger (in cents)
OPTC, = Round trip ocut-cl-pocket costs for transit
{in cents)
AUTOS 44 = Number of houschold autos (in drive-alone
utility function)
APERW, .4 = Autos per worker (in shared ride driver
utility function)
AFERWQID = Autos per worker (in shared ride passenger
: utility function)
HHSTZE = Househeld size {(on srd and srp utility

. am
57

functions)
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Table 12

Work Mode Choice Model

Estimated Coefficients

Variable Code Coefficient t-Statistic
D -1.362 -5.54
da
~1.998 -6.38
srd
D - .8095 -2.83
SIp
IVTT - ,3887E-01 -3.69
OVTT - 1122 -9.12
OPTCy, - .1259E-01 ~-7.01
OPTCsrp - .8626FE-02 -4.20
OPTCt - .4680F-02 -0.89
AUTOS 5, 0.7950 6.36
APERwsrd 0.1656 0.78
APERWSrp - .9764 -4.49

HHSIZE, 0.5950E-01 1.51



-66—

Table 13

Values of Time in Dollars Per Hour

Derived from the Work Mode Split Model

Value of Value of
Mode In-Vehicle Time Qut-of-Vehicle Time
Auto Driver $1.85 $5.35
Shared Ride Driver 1.85 5.35
Shared Ride Passenger 2.70 7.78

Transit 4,98 14.38
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While one cannot he confident of the accuracy of the results of demand
prediction for a transportation mode that does not currently exist, some
assumptions can be made to provide a basis for examining and comparing
various SRAT alternatives. In the demand model, the auto-driver-carpool
and auto-driver-SRAT modes have the same utility equation; that is, if
they had the same time and cost attributes, they would attract equal shares
of the travel market. This assumes that people percieve these two choices
in the same way with respect to non-measured attributes such as safety,
reliability, comfort, and flexibility. Likewise, the auto passenger-car-
pool and auto passenger-SRAT utility equations are the same; again this
assumes that people perceive the non-measured attributes of the two choices
as equal. This is a tenuous assumption, as perceptions of safety, reliability,
and flexibility are probably not the same for SRAT and carpooling; to
the extent that these factors are moreot less negative for SRAT as compared
to carpooling, SRAT demand will be over- and under-predicted, respectively.*
Sensitivity analysis was performed with the SRAT passenger mode being
given the same utility equation as transit passenger; this assumes that
SRAT and transit are perceived as equal in their non-measured attributes.
The sensitivity analysis indicated that use of the transit passenger
utility produced higher SRAT passenger volumes, but the overall difference
in predictions was not large.

A long run aspect of the demand/supply equilibrium of SRAT service
that is not modelled but bears mentioning is the effect of the SRAT system

on automobile ownership. Prior research (Cambridge Systematics, 1976)

*The focus group interviews (Section TT.E) indicate that SRAT is perceived
less favorably than carpooling,
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has indicated that policies designed to increase vehicle occupancy can

have the ancillary lonpg run effect of decreasing automobile ownership.

In particular, in multi-vehicle households where the primary worker joins

a carpool {(or in our case, becomes an SRAT passenger), the household may

decide to sell "the second car." In a SRAT system, however, the analysis

of long run effects on automobile ownership is somewhat complicated by

the fact that in households where the primary worker enters the SRAT market

as a driver, household automobile ownership could conceivably increase.*
One last point should be raised with repard to the effects of SRAT

service on work mode choice and automobile ownership. Research on the

impacts of various carpool incentive programs (Cambridge Systematics,
1976) indicated that most of these policies had the desired effect of
increasing work trip vehicle occupancy, decreasing work trip VMT, and
to some extent reducing automobile ownership. But it was also found
that non-work travel tended to increase in response to the carpool
incentive programs because of the increased auto availability to non-
workers in households where the primary worker joined a carpool. This
effect was not modelled in this study, and is not included in the VMT

summaries at the end of this section.

*If SRAT utilization and revenue are high, some households may purchase a
new car, using anticipated SRAT revenues to recover part of the capital
and operating costs of the new vehicle.
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SRAT passengers (OVTTsrp) was computed as a function of the number

of SRAT drivers. Specifically,

(L) OVTT = K + 60
sTp

sSTP
Osrd
where
Ksrp = round trip SRAT passenger walk time in minutes
psrd = number of SRAT driver vehicles per hour connecting

SRAT passengers' desired origin and destimation

For SRAT drivers, both OVTT and QPTC were computed as a function of
the number of SRAT passengers.® For OVIT, although it is not strictly

out—of-vehicle time, it was assumed that the possible circuity to

collect and distribute passengers, stop time, fare collection and

record keeping (if necessary) would require one minute of SRAT driver

time per passenger. Thus,

N
= K + 2% SIP
(2) OVTTsrd srd ord

where

OVTTSrd i round trip SRAT driver ocut-of-vehicle time in

minutes
Xerd = round trip SRAT driver walk time in minutes
qup = number of SRAT passengers per hour between the
driver's desired origin and destination
N
psrp e average number of passsngers per driver between
srd

the driver's desired origin and destination¥®*

*IVTT for SRAT drivers was assumed to be equal to auto driver time.
*%#The factor of two represents one minute of OVTIT per passenger on both the
inbound and outbound lep of the round trip work commute.
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SRAT driver cost was derived by computing the difference between

out-of~-pocket driving costs and expected fare revenues:

N
3) OPTC =  cpm*D — 2%fx SID
std
srd
where
OPTCsrd = round trip SRAT driver out-of-pocket travel

costs in cents

cpm = cents per mile operating cost
D = round trip work commute distance in miles
£ = SRAT fare

Note that if system utilization is sufficiently high, SRAT driver

"cost'" can be negative indicating a profit for supplying SRAT service.

Because LOS components for either SRAT mode (i.e., driver or pass-—
enger) depended on the demand for the other SRAT mode, an iterative
equilibrium procedure had to be adopted. Basically, initial SRAT
driver and passenger demands were used to compute LOS for both modes.
Then the demand model was applied to predict revisad SRAT patronage
which in turn was used to recompute LOS as input to aunother demand
prediction iteration. Figure 2 displays an example of one iterative
solution for SRAT demand equilibrium.

Only 4 modes were used in the demand model: auto driver alone,

auto driver—-SRAT, auto passenger-SRAT, and transit. Thus, the
conventional ride-sharine modes are nat included and all ride-

sharing is assumed to occur as SBAT. This is intended only to

simplify the preliminary amnalysis; the full 6-mode model is used later,
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Fipgure 2
ITERATIVE EQUILIBRIUM PROCEDURE

TO DETERMINE SRAT PATRONAGE
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In order to quantitatively examine the SRAT supply demaand equilibrium
process and identify the key determinants of SRAT passenger demand and SRAT
driver supply, analyses were performed on two types of prototypical households:
an outer suburban household and an ionner suburban household. As explained
earlier, the results from a prototypical household analysis may be inter-
preted as indicating the aggregate demand response from a homogeneous group
of households with a particular (prototypical) set of characteristiecs. Table 14
displays the socioeconumic and level of service characteristics assumed for
the two prototypical household types. The outer suburbaa household has rela-
tively high automobile ownership (average = 1.7). Average line haul speeds
for auto and transit are higher for the outer suburban household but so too
are the average walk times for SRAT passenger and transit wodes.*

Results from the prototypical household analysis for the outer suburban
household are displayed in Table 15 and Figure 3 for a range of SRAT fares and
origin-destination trip densities. The results indicare that:

o SRAT passenger demand increases with 0-D person trip densities but at

a decreasing rate. Note that in this analysis we have parameterized
total origin to destination (work trip) flow rather than SRAT driver

flow because we are (simultaneously) predicting SRAT driver and passen—

ger demand.
» SRAT driver demand also increases with O0-D flow at a decreasing rate.
The analysis indicates that SRAT driver demaad 1is relatively insensi=

tive to fare level but in fact lower fares attract more SRAT drivers.

This is because SRAT passenger demands were elastic with respect to

= . . . -
It was assuned that housing and arterial densities were higher in the ioner
suburban area,
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Table 14

DESCRIPTION OF THE PROTOTYPICAL HOUSEHOLDS

OUTER SUBURBAN INNER SUBURBAN
SOCIO-ECONOMIC CHARACTERISTICS
Auto Ownership 1.7 1.2
No. of Workers 1.25 1.1
Household Size 3.9 3.9
LEVEL OF SERVICE CHARACTERISTICS
Distance to CBD Work Place 10 miles 5 miles
(One-Way)
Line Haul Highway Speed 30 mph 25 miles
(Applicable to Auto
Driver & SRAT Modes)
Auto Operating Costs 6 cents/mile 6 cents/mile
{Applicable to Auto
and SRAT Driver Modes)
Transit Average Speed 17.5 mph 15 mph
SRAT Fare $1.00 $1.00
Round Trip Out-of Vehicle Time
Auto Driver 4 minutes 4 minutes
Transit 18 minutes 13 minutes
SRAT Driver (Walk Time only)*#* 4 minutes 4 minutes
SRAT Passenger (Walk Time only)#* 12 minutes 10 minutes
Transit Fare 75 cents 75 cents

*Total OVIT for SRAT driver and passenger computed according to equations 2
and 1 respectively
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Table 15

WORK TRIP MODAL SHARES

FOR OUTER SUBURBAN HOUSEHOLDS

SRAT Fare

50¢ $1.00 $1.50 MODE
67.99 68.65 69.28 AD
14.77 14.92 15.05 T
15.72 15.77 15.40 5D

1.52 .66 .27 SP
65.18 66.69 68.13 AD
14.16 14.49 14.80 T
17.03 17.24 16.41 SD
3.63 1.58 .66 Sp
63.03 65.21 67.18 AD
13.70 14.17 14.60 T
18.02 18.31 17.24 s
5.25 2.31 .98 SP
61.58 64.16 66.49 AD
13.37 13.93 14.45 T
18.61 19.07 17.83 )
6.44 2.84 1.23 SP

Cell entries represent percent
mode shares for

AD - auto driver

T - transit

SD - SRAT driver

SP - SRAT passenger
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that it may be easier to attract SRAT drivers than SRAT passengers.
While there are undoubtedly safety considerations which affect the
decision to enter the SRAT "market" either as a passenger or a driver,
switching from auto driving to SRAT passenger commuting involves a
significant decrease in accessibility. 1In all of the analyses sum-
marized in Table 15, the ratio of SRAT passengers to SRAT drivers was
less then .35. Thus, for the conditions assumed in this prototypical
household analysis, at best, every third SRAT driver vehicle would
attract one SRAT passenger.

® Consequentially, expected driver revenues were extremely low. Even
under the best circumstances (high 0-D volumes, low SRAT fare), ex—
pected SRAT driver revenua was less than 60%Z of SRAT driver costs.

o Admittedly, the socioeconomic and LOS characteristics assumed in this
prototypical household analysis were not particularly favorable for
SRAT service. In particular:

e It was assumed that transit was available to outer suburban
household commuters
® No auto driver parking costs were assumed
e SRAT passenger out-of-vehicle times were significantly higher
than auto cr SRAT driver OVTT's
@ Auto opwnership was relatively high
On the other hand, with the exception of tramsit availability and zero
auto parking costs,® the characteristics ol SRAT service assumed in the ocuter
suburban protoktypical household unalysis were felr to be realistic. And, io

fact, the range of 0-D work trip volumes assumed in this analysis are probably

*The effeck of changlng these assumptions is discussed below.
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higher than what realistically could be achieved (section II.C). What
emerges from this analysis is that:
e SRAT service will not attract a significant number of previcus auto
drivers to SRAT passenger use
o Relatedly, because expected SRAT driver revenues are only a fraction
of auto driver costs, there will not be a significant shift from auto

driver to SRAT driver modes.

The demand analysis of inner suburban prototypical households yielded

results largely similar to the previous analyses. Table 16 and Figure 4 sum-
marize the SRAT driver and SRAT passenger mode shares for a range of SRAT
fares and origin-destination trip densities. For all cases analyzed, SRAT
patronage (driver and passenger) is lower for the inner suburban households
than for the outer suburban. This is mostly due to:
e a relatively better transit services as depicted by decreased transit
wait time
o a relatively lower auto ownership level which tended to reduce the
number of households which could provide SRAT driver service (which
in turn had a deflating effect on SRAT passenger demand).
The largest difference between the two prototypical analyses is in tran-

sit patronage which was roughly 27% for the inner suburban households and 15%

for the outer suburban households.
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Table 16

WORK TRIP MODAL SHARES

FOR INNER SUBURBAN HOUSEHOLDS

SRAT Fare
50¢ $1.00 $1.50 MODF.
62.66 62.86 63.05 AD
27.62 27.79 27.79 T
9,23 9.22 9.08 SD
.49 .21 .08 SP
60.34 61.28 62.16 AD
26.59 27.01 27.39 T
10.67 10.68 16.04 SD
2.40 1.03 .41 Sp
57.84% 59.56 61.11 AD
25.49 26.26 26.93 T
12.09 12.18 11.14 SD
4.58 2.Q0 .82 qp
56.03 58.28 60.28 AD
24.67 25.69 26.57 T
13.05 13.28 11.97 SD
6.25 2.75 1.18 Sp

Cell entries represent
percent mode shares for

auto driver
transit

SRATY driver
SRAT passenger
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In the preceding prototypical household analyses, SRAT patronage was
found to be relatively low for a range of SRAT fares and work trip 0-D
densities. To conclude this section, a variety of policies, each designed

to enhance the attractiveness of SRAT* are analyzed. Five policies were

evaluated, as shown below.

Primary Impact

(+ indicates positive influence, - indicates negative influence)
Policy Auto Driver | Transit SRAT Driver | SRAT Passenger
1. Reserved Lane for + +

Sharers: Increase SRAT
Line Haul Speeds

2. Parking Surcharge
for Auto Drivers
{(not SRAT Drivers)

3. Additional SRAT Desig-
nated Pickup Areas: +
Reduction in SRAT
Passenger OVIT

4, Elimination of Transit
Availability —

5. Combination of Above
Policies + +

* Or decrease the attractiveness of competing modes.
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In each analysis reported in this section, the outer suburbaa proto-

typical households were examined, assuming an SRAT fare of $1.00 and a trip

density of 100 work trips (between a given origin and destination) per hour.

Policy 1: SRAT Reserved Lane

For this policy, it was assumed that SRAT vehicles could use a reserved
lane on a radial arterial or expressway. The effect would be to increase SRAT
line haul speeds. There are two ways to implement this policy. First, only
vehicles with two {or three) or mere occupants would be allowed to use the
reserved lane. This policy variant would have the pogsible effect of inducing
SRAT drivers to "cruise" around their neighborhoods looking for riders.® A
second operating variamt would be to allow any licepnsed SRAT driver to use
the lane regardless of vehicle occupancy. The problem here is that many SRAT
drivers may use the reserved lane without making any attempt to pick up SRAT
passengers. This problem could be mitigated if

@ SRAT pickup areas would be designated at the entrances te (and/or along)

reserved lane arterials and expressways

o SRAT drivers are obligated to pick up licensed SRAT passengers
The policy analysis reported here assumes that all SRAT drivers can use re-
served lane facilities regardless of vehicle occupancy. The analysis results
are displayed in Table 17 for line haul speeds ranging from 30 mph (the base case)
to 60 mph. As shown, this policy significantly increases SRAT driver partici-

pation (mode split) from a base level of 17.24% at 30 mph line haul spead to

%
And thus, this policy may have deleterious energy consumption impacts.
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Table 17

WORK TRIP MODAL SHARES AS A

FUNCTION OF SRAT LINE HAUL SFEEDS

Line Haul Speeds for
SRAT Driver and SRAT Passenger

(MPID)

30 40 50 60
Auto Driver 66.69 60,30 55. 89 52.76
Transit 14,49 13.11 12.13 11.45
SRAT Driver 17.24 23,98 28.64 31,92
SRAT Passenger 1.58 2.61 3.34 3.87
SRAT Passcngers .092 109 L1117 . 121
per Driver
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almost 327 at line haul speeds of 60 mph. SRAT passenger mode share more than
doubled over the assumed speed range but achieves only a 3.87% mode share for
a 60 mph line haul speed. Increases in SRAT driver participation come largely
from previous auto drivers so that the total number of autous used ia response
to this policy remains practically the same. SRAT passengers per driver, a
measure of average vehicle occupancy, increases slowly with respect to line

haul speed, achieving a value of only .12 at the 60 mph speed level.

Policy 2: Auto Driver Parking Surcharges

The original prototypical household analyses assumed no auto driver
narking charges. It was found in these analyses that the auto driver mode
was the predominant work trip mode choice. In this analysis, parking sur-
charges of 50¢, $1.00 and 52.00 were assumed for auto drivers (but not SRAT
drivers). The results of this policy analysis is shown in Table 18. As
expected, predicted auto driver mode shares are significantly reduced as
auto parking costs increase. But again, mode shifts are primarily from auto
driver to SRAT driver. TFor the highest parking surcharge, SRAT passenger
mode split is 6.14% compared to a transit share of 34.93% and an SRAT
driver share of £5.99%. While the total number of vehicles used per 100
work trips decreases from 84 to 59 as parking charge increases from 0 to

$2.00, SRAT passengers per SRAT driver increase from .09 to only .134.

Policy 3: Decreasing SRAT Passenger Walk Times

This is the only policy examined which is directed primarily at enhancing

the attractiveness of the SRAT passenger mode. Essentially, we may assume that this
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Table 18
WORK TRIP MODAL SHARES AS A
FUNCTION OF AUTO DRIVER PARKING SURCHARGES

Parking Surcharge
for Auto Drivers

50¢ $1.00 $2.00
Auto Driver 50.62 34.83 12.94
Transit 20.63 25.65 34.93
SRAT Driver 25.85 34.27 45.99
SRAT Passenger 2.90 4.25 6.14
ii‘:%ﬁiiingers 112 L124 134
e | e
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policy is affected by increasing the number of designated SRAT pickup points.
Tn any event, we examined the effect on SRAT demands of decreasing round trip
SRAT passenger walk times from 12 minutes to 6 minutes. SRAT passenger demand
appeared to be unit elastic with respect to SRAT passenger walk time: halving
the walk time (from 12 to 6 minutes) dcubled the SRAT passenger mode split
from 1.58 to 3.18%.

The policy analysis results shown in Table 19 illustrate the complementarity
of SRAT passenger and SRAT driver demands. Note that this policy —~ directed
at improving SRAT passenger accessibility -- also had the effect of increasing
SRAT driver demand. The total number of vehicles used was virtually constant
for the assumed range of SRAT passenger OVIT's,* but SRAT passengers per driver

increased significantly from .092 to .163 as SRAT passengesr walk times decreased

from 12 to 6 minutes.

Policy 4: No Transit Availability

In this policy analysis, it was assumed that no tramsit service was avail-
able to the outer suburban-to~CBD work commuters. The mode split results shown

in Table 20 suggest that the majority of previously predicted transit users would

switch to auto driver and SRAT driver use. Tn fact, Table 20 indicates that

nearly 98% of person trips would use a vehicle for their trip while only 2%
would choose tha SRAT passenger mode. These results further display the auto

driver dominance of the outer suburban commute patterns.

This is because decreases in auto driver use were compensated by increases in
SRAT driver patronage.



—-88-

Table 19
WORK TRIP MODAL SHARES AS A

FUNCTION OF SRAT PASSENGER WALK TIMES

Round Trip SRAT Passenger

Walk Times in Minutes

12 10 8 6
Auto Driver 66.69 65,84 64.81 63.55
Transit 14,49 14,31 14.39 13,81
SRAT Driver 17.24 17.85 18.58 19,46
SRAT Passenger 1,58 2,00 2,52 3.18
SRAT Passengers 092 112 136 163
per Driver ’ ’ )
No. of Vehicles = 839 837 834 830
No. of Pers. Trips ) ' ' ’
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Table 20

WORK TRIP MODAL SHARES:

NO TRANSIT AVAILABLE

MODE

Auto Driver

SRAT Driver

SRAT Passenger

SRAT Passengers per Driver

No, of Vehicles + No. of Person Trips

MODE SHARE

77.44

20.49

2.07

.101

.979
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Policy 5: Combination of the Above Policies

In this analysis the four policies discussed above (and analyzed indivi-
dually) were combined into a single policy package. In particular, the follow-

ing LOS values were assumed for the analysis:

Policy LOS Effect Analyzed
Reserved lane for SRAT SRAT line haul speed = 50 mph
Auto Driver Parking Surcharge Parking Cost (AD) = 52.00

Increase in SRAT Pickup Point Density [ Round Trip SRAT Passenger Walk Time = 8 minutes

No Transit Available

As in all the above policy analyses, work trip density was taken to 100 persons
per hour. Two SRAT fare levels were analyzed —— 50¢ and $1.00. Table 9 displays
the demand model results.

The first column of this table represents the "best possible" operating
environment for SRAT within the outer suburban prototypical househcld analysis
framework. At the 50¢ fare level, SRAT passenger mode split is 23.067% while
SRAT drivers comprise over 50% of the work trips. The resulting SRAT passenger
to driver ratio is less than .5 and expected SRAT driver revenue per round trip
is 44¢, 377 of SRAT driver operating costs. The number of vehicles used per
100 work trips remains high even in this combination policy analysis.

Table 21 indicates that increasing SRAT from 50¢ to $1.00 would be counter-
productive:

e total vehicles used increases (per 100 person trips) from 76.9 to 88.4

® SRAT passenger demand drops from 23.06% to 11.64%

® expected SRAT driver revenue per round trip drops from 44¢ to 39¢
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Table 21

WORK TRIP MODAL SHARES
FOR A COMBINATION OF POLICIES

Line Haul Speeds for SRAT

50 mph

$2.00

e Auto Driver Parking Surcharge

Round Trip Walk Time for SRAT
Passengers

8 minutes

@ No Transit Service Available

MODE SHARE
MODE SRBAT Fare = 50¢ SRAT Fare = $1.00
Auto Driver 24.10 27.94
SRAT Driver 52,84 60.42
SRAT Passenger 23.06 11.64
SRAT Passengers per Driver LA .19

No. of Vehicles + No. of Person Trips .769 . 884
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In general, our policy analyses indicate that while it may be possible to
attract a significant SRAT driver participation, it is difficult to attract

SRAT passengers to use the service.
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C. Case Study Modelling Results

Turning to the detailed demand analysis, seven case studies of SRAT

designs were performed using data from four areas:

Clear Creek County, Colorado (rural),

Lenawee County, Michigan (rural)

Rochester, New York (urban) and

Greece, New York (suburban, in Rochester SMSA).

The seven system designs were:

rural counties

metropolitan areawide system

urban activity centers (CBD and other)
suburban feeder to transit

suburban bus replacement

|
o= RS = NS

Table 22 gives summary characteristics for each of the areas. A base system
was designed in each case study, and variations in fare and operating policy
were then also tested.

The SRAT operating policies were based on earlier analyses as discussed

in Chapter 2: optimal zone sizes were found based on trip densities,

intermediate stops were incorporated, and drivers are required to deviate to
drop a rider at his final destination but not to pick him up. A fifty

cent base fare was used for all systems, but considerable variation was

performed. Hours of operation were either peak periods or all-day,
depending on the type of SRAT service and the trip density in the area
in peak and offpeak periods.

1. Clear Creek County, Colorado

Clear Creek County is a unique setting for SRAT because all towns in
the county are located along a single Interstate highway, which concentrates
trips to a much larger extent than in a typical rural area. There is a

single SRAT stop in each town. While the actual SRAT system proposed



Table 22 - Summary Characteristics of Seven Case Study Areas

Trip Averape Population Transit Hours Person-Trips
Density*%**% Trip Length Density Area Avail- of Per
Site Type (trips/mi. ) (mi.) (persons/mi.)| (mi.?2) | ability | Analysis Hour **%
Clear Creek Co.] small, .08 4.5 48,2 100 no 12 825
Colorado rural
Lenawee Co. large, .04 13.1 122.7 600 no 12 15,500
Michigan rural
Rochester,N.Y. CBD 43.0 2.4 18,725%* 16 yes 3 11,000
Greece, N.Y. transit 47 7.5% 376 150 yes 3 10,700
feeder
Greece, N.Y. transit A7 7.5% 376 150 no 3 10,700
replace-
ment
Rochester ,N.Y. urban .70 5.9 2,519 250 yes 3 43,700
linehaul
Rochester,N.Y. activity 55.0 2.0 18,275% 16 no 12 900
center

*Length of total tripj; SRAT would serve only a portion.

**Density shown 1s that of area producing the majority of trips to the CBD or activity center.

*#%*With SRAT as an available alternative.

k*%x*Driver trips per hour from a one square mile area to another one square mile area.

_{7 6_
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for Clear Creek County is primarily to serve the elderly and students,
this analysis focuses on its use by the general public. All county
residents are assumed in this analysis to be eligible to participate in
the services. No through trips are included.

Table 23 shows the model results for this case. In run A, drivers pass
the SRAT stop at their origin to see if there are any passengers in their
direction; if there are, drivers will drop them off at the stop in the
town to which the rider is destined. This appears to be a workable
arrangement, as the demands placed on the driver are not excessive, but
the service to the rider is quite good. 1Tn run B, passengers are only
dropped off at interchanges, and their number drops sharply. In run C,
even with drivers stopping at all interchanges on their trip to look for
passengers, there are few riders. Option D is similar to option A except
that there is no fare, and option E parallels option C. 1In both cases,
the driver participation drops but is still adequate, while rider parti-
cipation increases. In option F, drivers are required to drive through
every town along their trip for no fare; this is demanding too much, and
no drivers participate.

Nine percent of Clear Creek households have no car; 1 to 18% of these
households would make SRAT passenger trips in the runs made. Forty—two
percent of Clear Creek households have one car; their use of the SRAT
passenger mode is hetween 0 and 5%. The remainder of Clear Creek households
have two or more cars, and their use of SRAT as passengers is less than
1%. ‘ietween 8 and 12% of l-car households and 5 to 6% of 2+ car households

will be SRAT drivers, according to the model.
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Table 23 - Clear Creek County Demand Model Results

Alternative: A B C D E F
Fare (cents) 50 50 50 0 0] 50
Pickup/dropoff:* town hwy hwy  town hwy town
Intermediate stops?: ne no ves no ves ves
Results:

% SRAT drivers: 8.4 12.4 12.6 6.8 12.1 €]
7% SRAT riders: 1.3 0.2 0.3 2.1 0.8 0
Avg. SRAT wait (min.): 4.6 4.1 2.5 6.0 2.6 -
SRAT riders per 0.2 0.0 0.0 0.3 0.1 -
vehicle:

*"Town indicates drivers leave the highway and serve a stop within the
town; "Hwy' means drivers stop only at interchanges to serve passengers
(typically 1~2 miles from town) except at the driver's origin or desti-

nation.
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2. Tlenawee County, Michigan

This rural county has a more typical distribution of activities in
a broader area than Clear Creek County. The SRAT driver mode share ranges
(with one exception) from 6 to 9% over the altermative systems tested (0 to
50 cent fare, intermediate stops or not, pickup/dropoff of riders at their
door or not). The SRAT rider mode share varies from 0.2% to 13%Z. The
SRAT driver mode split is only 3% for a system with no fare and to-your-
door service required, and SRAT ridership, responding to long wait times,
is only 1.5%. The most successful design is a system with 50 cent fares,
intermediate stops, and dropoff at the rider's door, which has a 13% SRAT
rider mode share and an oeccupancy of 2.1 SRAT riders per vehicle. This
13% mode share reflects a 20-80% mode share of O-car households and a
0-40% share for l-car households depending on their location. SRAT rider
mode share increases sharply as trip length increases, due to the lower
relative weight of walking and waiting time for longer trips than short
trips in the demand model. However, the model is being used for
trip lengths beyond its range of validity. Average waits for rides are
10-15 minutes and average walks are also close to 10 minutes.

3. Rochester, New York CBD

This alternative concentrated on trips from high density areas to the

Rochester CBD. Transit is available and has a 22% mode share. When

SRAT is introduced with no fare, driver and rider mode splits are each 1%,
and transit ridership drops to 21.5%Z. With a 50 cent fare, SRAT drivers
become 10% of the market, SRAT riders 4.1%, and transit drops to 18.6%.

SRAT wait and walk times are very low (about 2 minutes) due to the high

person trip flows.
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4. Greece, New York Transit Feeder

Transit carries 8.5% of the peak period trips from Greece to the rest
of the Rochester area. There is currently a dial-a-ride feeder that
serves about 1% of all trips as a feeder to the fixed route transit line.
If SRAT were used as the feeder instead, with no fare it would carry
about 0.55% of all trips; with a 50 cent fare it would carry 0.25% of
all trips. Total transit ridership would thus decrease by 0.4 and 0.7%
respectively. About 127 of the drivers passing the transfer point to
the linehaul service would be willing to carry riders at either no fare
or a 50 cent fare. There is practically no extra time required for drivers.
SRAT passengers experience an average 5 minute walk, a 1 minute wait for
the SRAT feeder, and a 10 minute wait for the linehaul transit service.
The level of service is quite poor in this concept because of the difficulty
in coordinating the SRAT feeder with a 20 minute headway transit service;

this may be a general problem in using SRAT for this application.

5. Greece, New York Transit Replacement

The Greece-Rochester fixed route is replaced by SRAT service alcng
the same streets and using the same stop locations. Transit mode share
drops from 8.5% in the peak period in the existing case to 7.07% with

SRAT at the same 40 cent fare as the existing service. Average wait times

for SRAT are 3.3 minutes =s opposed to 5 to 8 minutes for the 20 minute
headway route. The drop in patronage is due to the more negative effect

of non-measured attributes in ride-sharing than in transit that is reflected
in the model, About 8% of the person trips in this corridor will be SRAT
drivers. With no fare, only a 2% driver and 1.6% rider mode split occur.

In both runs, all intermediate stops are served, and there is approximately

one SRAT passenger per SRAT driver.
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6. Rochester, New York Urban Service to the General Public

The current peak period transit mode share is 10.3%. With the intro-
duction of SRAT with 50 cent fares, SRAT mode shares for both drivers
and riders are 9.6% with transit mode share falling to B%. SRAT rider mode
share for 0-car households {which are about 6% of the total households
in the area) is near 407%; for l-car households (about 55% of the total)
it is 12%, and for 2+ car households it is 2%.

Average SRAT rider and driver trip lengths are very close to the total

person average trip length of & miles.

/. Rochester, New York Activity Center

A high-density zone within Rochester with shopping opportunities was
chosen for this analysis. SRAT drivers are 117 of the person trips,
while SRAT passengers are 8%Z. No transit is available in this particular zone.
The activity center systemis assumed to work with telephone matching to minimize
walk and wait times. There is little sensitivity to fare.

Table 3 shows a summary of the overall changes in auto occupancy and
VMT in a representative alternative in each of the seven case studies.
Overall changes are moderate. Decreases in auto occupancy occur when
carpool riders or drivers or transit users are induced to become SRAT
drivers with lower occupancies in their vehicle. TIncreases in VMT also
occur when some carpool riders and transit users are diverted to being
SRAT drivers.

To sum up the results of the case studies, it appears that well-
designed SRAT systems have the potential to attract moderate levels of
rider and driver participation, based on an economic model of behavior

that assumes the evaluation of alternative modes by travellers primarily
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VMT and Auto Occupancy Changes

Average Auto
Occupancy

Total VMT
(mi.x1000)

Before With Before With %
Site SRAT SRAT Change SRAT SRAT Change
Clear Creek 1.17 1.16 -.01 37.30 | 37.56 | +1
Lenawee 1.18 1.33 +.15 1973.0 | 1761 -11
CBD 1.29 1.31 +.02 50.27 | 51.85 1| +3
Feeder 1.25 1.22 -.03 163.0 170.0 |, +4
Bus Replace- 1.19 1.25 +.06 176.4 183.1 | -—4
ment
Urhan 1.24 1.33 +.09 548.8 518.1| -6
Activity 1.34 1.37 +.03 15.96 15.6 -2
i Center i
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based on time and cost. SRAT in-vehicle travel times and costs are always
quite competitive with other modes and, if suffficient driver flows exist,
wait times and walk times for riders can be satisfactory, though not as
convenient as driving alone or carpoeling. In fact, it appears that driver
flows are adequate for SRAT in many cases if the service is carefully

designed and concentrates on higher-density markets.

The demand estimates in this section should not be taken as estimates

of the participation that would actually occur upon implementation of

a SRAT system. Rather, they should be viewed as estimates of potential
participation if SRAT becomes an accepted travel alternative for the
general public. It is the study team's opinion, based on the focus

group interview and other literature, that, at this point, people would
have reservations about using the system until it was proven to be safe
and reliable, and was socially acceptable. One of the major issues
facing a SRAT system would be to overcome these negative attitudes.

D, Empirical Fvidence on SRAT Demand

A few elements of operational experience with SRAT do exist, and
they can provide some limited insights into SRAT demand from a different
perspective than modelling. Data from Pittsburgh, Pa., and Fort Collins,

Colo., is reported in this section; both systems are described in

Appendix A.
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1. Pittsburgh, Pa., Transit Strike, December, 1976

The Courtesy Ride program was set up in response to an anticipated

transit strike. Since the strike lasted only three working days (December 1-3:

Wednesday, Thursday, and Friday), there was no time to conduct a survey
of the persons using the Courtesy Ride program. However, two weeks after
the strike, a telephone survey was conducted. Seven hundred commuters
(348 to CBD work destinations and 352 to non-CBD work destinations) were
polled, and 300 regular transit riders who were not commuters also were
included in the survey. Questions were asked about alternative modes
used during the strike, especially whether the Courtesy Ride program
(C-program) had been used.

The questions that are of interest have been summarized in the fol-
lowing tables. Figure 5 compares persons traveling to work destinations
in the CBD with those traveling to work outside the CBD. The population
represented is 379 persons who drove to work on Friday. Figure 6
gives a similar breakdown for 320 auto passengers on Friday.

In the survey administered to those who were non-commuters but
regular transit riders, questions were compared to analyze the differences
between drivers and riders. Figure 7 shows the results.

Analysis of the three tables shows that passengers were more likely
than drivers to be aware of the courtesy ride program and that passengers
looking for a ride to the CBD were the most aware of the C-program. More
commutars gave rides than displayed window signs, but more non-commuters
indicated their willingness to participate than did actually give or
take a ride. The non-commuter sample was heavily skewed toward those
55 vears of age and over. The heavy representation of the elderly in this

population might explain the very small numbers who reported using the

3
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Figure 5

Responses to Courtesy Ride Program
Perscons Who Drove to Work Friday
Total = 379

(240 to non-CBD)
(139 to CBD)

= CBD
Percent ,//, = Non-CBD
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Sign Anyone or
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ience
Source: Joan Adibi, Carnegie-Mellon University.
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Figure 6

Commuters Who Were Passengers on Friday (by %)

Total = 320
(111 to Non~CBD)
(209 to CBD)

= CBD
Percent Ezzzzzz = Non-CBD
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Aware Try to Successful Not Prior Fear
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Ride a Ride

Source; Joan Adibi, Carnegie-Mellon University.
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Figure 7

Non—-Commuters Who Either Drove or
Who Tried to Get a Ride
During the Strike

112 Made Trip

23 drove (D)

:iiij/j 89 were passengers (P)

Percent
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Aware Try (P) or Success (P) Prior Rides Fear or
Window Sign or Gave Arrangements Not Disability (P)
(D) Ride (D) (P) or No Available and Security,
Need, Incon- Liability (D)

venience (D)

Source: Joan Adibi, Carnegie-Mellon University.
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C-program (only 13 drivers gave rides and only 5 passengers tried to get a
ride). Two explanations are that these respondents perceived the C-program
as ""hitchhiking' and were fearful, and that the non-commuters were not doubt
travelling during non-peak hours when the C-riders and drivers were not as
vigible or as prevalent. Among the commuting drivers the most frequently
mentioned reason why they had not participated in the C-program was that they
had not seen any potential riders (29%).

Relatively few gave fear for their security or their liability as a
reason why they had not used the C-program: a total of 76 passengers and 52
drivers, if commuters and non-~commuters are included.

Percentages Indicating Fear
As a Deterrent to C-Program Use

Passengers Drivers
Number Percent Number Percent
CBD 42 13 17 4
Non-CBD 20 6 19 )
Non-Commuter 14 13 16 14
76 10 52 6

Pennsylvania's recent "no-fault" insurance legislation minimizes the liability
risk of ride sharing and only 5% were worried about liability.

The anecdotes or human interest stories reported in the newspapers indi-
cated that people were offering rides to strangers whether or not they used
the C-sign. More often, it seemed that persons had arranged carpools with
work colleagues, friends, or relatives. Another common pattern documented in
the telephone survey was that persons who usually take the bus were dropped off

at their destination by drivers who then either returned home or went on to
another destination.

2. Fort Collins, Colorado, Community Carpool (FCCCP)

In September, 1973, Fort Collins began a legalized and controlled hitch-
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hiking system. In June, 1974, the hitchhiking cooperative had 2,600 members
registered as riders or drivers, out of a total population of 55,000. This

is approximately a 5% participation rate. It was also interesting to note that
riders gave drivers discount coupons for use at a food cooperative as a fare
payment, but the practice was discontinued because few drivers used the cou-
pons. Adequate driver participation did, however, exist. This issue is ad-

dressed further in the focus group interview.

A small survey of 21 participants was performed by the University of
Colorado (1973). Although these characteristics cannot be universalized,

there are some interesting points to note in this survey of FCCCP participants:

- There were no respondents over the age of 27. This suggests that
school age persons and those in their e