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Introduction

Papers in this Transportation Research Record were
presented at the Sixth International Conference on
Demand-Responsive Transportation Systems and
Other Paratransit Services, which was held in Wash-
ington, D.C., March 15-17, 1976.

The conference was sponsored by the Transportation
Research Board, the American Public Transit Asso-
ciation, the International Taxicab Association, the Mas-
sachusetts Institute of Technology, the Federal Energy
Administration, and the Urban Mass Transportation
Administration.

The first of these conferences on demand-responsive
transportation was held in the summer of 1970 and was
sponsored by the Massachusetts Institute of Technology.
The Transportation Research Board has been one of the
sponsors of the other four conferences and has published
the proceedings in its special reports 124, 136, 147,
and 154.



Part 1
Integrated Transportation
Systems




Integrated Urban
Transportation Systems:
Challenge for the Future

Daniel Roos, Massachusetts Institute of Technology

Paratransit has been described as a bridge between the conventional auto-
mobile and conventional transit. Certain concepts, such as taxi and car
pooling, have developed from the automobile side, and other concepts,
such as subscription bus service and dial-a-ride, have developed from the
transit side. As service concepts continue to develop and there is move-
ment from both sides toward the center, certain conflicts are inevitable.
Two major cultures, privately operated taxi companies and publicly op-
erated transit companies, that have previously operated independently
and differently must now learn to understand each other’s environment
and work together. However, to view the problem simply as taxi versus
transit or public versus private is naive. As in all situations involving the
assimilation of different cultures, patience, time, and understanding are
required. Paratransit is a melting pot of different approaches, in which
gradual assimilation will occur while fundamental differences remain.
Paratransit provides the opportunity to increase available options with
respect to both the service that is provided and the providers of service.
Service can be successfully integrated—at one level by interfacing para-
transit services with one another and at a higher level by interfacing
paratransit with conventional fixed-route transit in a complementary
manner.

In 1970 the Massachusetts Institute of Technology spon-
sored the first dial-a-bus conference. Two years later
the conference name was changed from dial-a-bus to
demand-responsive transportation, and the Transporta-
tion Research Board became the principal sponsor. The
American Public Transit Association became a cosponsor
of the fourth conference, and the fifth conference was
cosponsored for the first time by the Urban Mass Trans-
portation Administration. This year the International
Taxicab Association is a cosponsor, and the name of the
conference has changed to include other paratransit
services.

We have evolved considerably during the past 6 years.
It seems appropriate at this point to appraise what we
have accomplished, where we are, where we should go
in the future, and how we will get there. I will not re-
strict my remarks to demand-responsive transportation,
but rather I will concentrate on paratransit and its po-
tential role in concert with conventional transit—the con-
cept of an integrated system consisting of numerous ser-
vice options and numerous service providers.

DEMAND-RESPONSIVE TRANSPORTATION

What have we learned from implementing more than 100
new demand-responsive systems in the past 6 years?
First-generation systems (those systems implemented
since 1974) have demonstrated the following about mar-
kets and services.

1. The importance of a market and service orienta-
tion, Public transportation should respond to individual
market needs that vary with respect to time, space, and
quality of service. For example, the travel needs of the
peak-hour worker are quite different from those of the
off-peak shopper. They travel at different times of day,
go to different destinations, and view the cost of a trip
and the quality of service differently. Implemented
demand-responsive systems have tapped new markets
that were unserved by conventional transit systems.

2. The mix of different services. A spectrum of
demand-responsive services varies from fixed-route
systems at one end to exclusive-ride taxi service at the
other end. As one moves from semi-fixed-route ser-
vices, such as point deviation and route deviation, to
more flexible systems, such as many-to-many dial-a-
ride, both responsiveness and cost increase. The choice
of the appropriate services for a particular urban area
depends on the markets to be served, the physical char-
acteristics of the service area, and the funds available
to provide service.

3. The mix of different service providers. Demand-
responsive services have been operated by both public
organizations, including transportation authorities,
transit operating companies, municipalities, and social
service agencies, and private organizations, including
taxi companies, limousine companies, and new organi-
zational entities.

The following are some of the principal difficulties of the
first-generation systems.

1. Poor system design and implementation. The
flexibility and the ease of implementation have resulted
in premature or inappropriate implementations. There
is a dangerous tendency to minimize or eliminate any



planning and to merely implement a system and let it
adjust to demand. I remember hearing people say,
"Don't worry about planning. Just put it in. These
systems are always successful." A number of failures
attest to the dangers of this approach. Many imple-
mented systems were overdesigned and are more re-
sponsive and flexible than they need be. This is un-
fortunate, since the more flexible a system is the more
costly it is.

2. System reliability and service level. Customers
were often provided with extremely poor service. The
principal problems were vehicle reliability and manual
dispatching limitations. These problems are real and
have not been properly acknowledged. Unless we can
ensure reasonable service reliability, the potential of
demand-responsive services cannot be adequately
accessed.

3. Cost of service. Concern has been expressed
about how high the cost per trip is of many demand-
responsive services and whether a community can afford
to pay for the acknowledged benefits of those services.
The cost per trip of the implemented systems varies
considerably—from a low of about $0.60 to a high of
more than $4.00 depending on the type of service pro-
vided, cost of labor, system efficiency, and productivity.

Basic differences exist between first- and second-
generation systems. First-generation systems are
small scale, manually dispatched, and implemented in
small urban areas where there is little or nc available
public transportation. In contrast, second-generation
systems are large scale, use some automated sched-
uling and dispatching, and are implemented in metro-
politan areas where there is existing public transporta-
tion service., Second-generation systems have been
implemented in Ann Arbor, Rochester, Santa Clara,
Regina, and Toronto. These systems have been imple-
mented as integrated systems having both demand-
responsive and fixed-route components. The integrated
system concept is my major concern in this paper.

PREARRANGED RIDE SHARING

At the same time that demand-responsive systems were
evolving, the concept of car pooling was receiving in-
creased attention and corporate-based van pooling was
begun by the 3M Corporation. Many urban areas and
several states have initiated areawide and statewide
ride-sharing programs. The success of the 3M van-
pooling program has caused more than 30 other indus-
trial organizations to begin similar vanpooling programs.
The following are some of the major conclusions of the
car-pooling and van-pooling sharing programs.

1. Minor success can have major impact. Since so
many commuters use automobiles compared with the
relatively small number who use public transportation,
even a slight increase in automobile occupancy is sig-
nificant.

2. Car-pool and van-pool programs are self-
supporting. At a time when transit deficits are increas-
ing at an alarming rate, the ride-sharing programs
produce sizable benefits without corresponding invest-
ments.

3. The most successful programs are organized with
major employers. This provides the opportunity to
identify people with common destinations and work times
and to coordinate the organization of pools. Again, the
importance of market segmentation is important,

4, Marketing, organizational, and coordination ef-
forts are keys to successful ride-sharing programs. Bar-
riers must be overcome with individuals who are oriented

toward single-occupancy vehicles.

5. Incentives play an important role in encouraging
ride sharing. These include preferential parking spaces,
reduced parking and toll charges, and financial incentives
to drivers who organize pools and provide service.

There are fundamental differences between prear-
ranged ride-sharing services and demand-responsive
services: Prearranged ride sharing is intended for the
peak-hour work trip, uses volunteer drivers who provide
in-kind services, and received initial government back-
ing from the Federal Highway Administration., Demand-
responsive services are primarily designed for the off-
peak nonwork trip, use a paid driver, and received ini~-
tial government backing primarily from the Urban Mass
Transportation Administration.

PARATRANSIT DEVELOPMENT

Although many people viewed prearranged ride sharing
and demand-responsive service as fundamentally differ-
ent service concepts, others viewed them as having many
underlying similarities. The term "paratransit' was
therefore introduced to cover these and other similar
service concepts.

Until recently, relatively few people were aware of
paratransit. This was particularly true of decision
makers responsible for urban transportation investments.
A principal reason is that paratransit does not have well-
organized vocal constituencies. Rather, the paratransit
sector is fragmented, uncoordinated, and unorganized.
Paratransit services often are provided by small-scale
operators with limited capital resources and management
expertise. Preoccupied with their own operations and
short-term problems, these operators rarely concern
themselves with influencing opinion or policy on a re-
gional, state, or federal level. The taxicab and limou-
sine industries have national trade organizations, but
these organizations have only recently begun interacting
with the federal government, Paratransit services such
as car pooling and van pooling, which are not industries
in the conventional sense, are seldom organized beyond
a local or regional basis. The paratransit sector, lack-
ing an organized constituency, has not undertaken lobby-
ing efforts, and legislators and policy makers are largely
unaware of the needs and potential of paratransit.

The awareness of and the interest in paratransit have
changed dramatically during the past 3 years, primarily
as a result of new government policies and new active
roles of the taxi and transit industries. Government in-
volvement in paratransit has come primarily from UMTA
and to a lesser extent from FHWA and the Federal En-
ergy Administration. Numerous UMTA policy statements
have emphasized that paratransit services must be con-
sidered in an analysis of alternatives and that capital and
operating assistance funds may be applied to paratransit
services. UMTA's interest in paratransit is consistent
with its emphasis on low-capital alternatives, incremental
planning and implementation, involvement of private op-
erators, and improved transportation management. Para-
transit is an important component of the new transporta-
tion system management plan required of each urban area.

The energy shortages of 1973 were the primary reason
for the increased involvement of FHWA and the entry of
FEA into paratransit. The Emergency Highway Energy
Act of 1973 provided funding for car-pool demonstrations.
After examining many varied transportation strategies
for energy conservation, FEA has placed high priority
on van pooling.

Some of the most active interest in new paratransit
services has come from the taxicab industry. Although
taxicabs have played a vital role in providing public



transportation, only recently has that role been ac-
knowledged and appreciated. The taxicab industry has
concentrated on exclusive-ride taxi service and has not
actively sought government funding. Four events changed
this attitude.

1. Profits in the taxicab industry were squeezed by
inflation and the escalation in gasoline prices, Taxi
companies were unable to obtain corresponding rate in-
creases.

2. Dial-a-ride services were initiated and subsi-
dized by public transit organizations. Although these
dial-a-ride operations represented only a miniscule
portion of service provided by public transit companies,
the taxi industry was concerned that a threat existed.
They felt either that publicly subsidized companies
should not provide taxi-like service or that the taxi in-
dustry should also be subsidized.

3. Operating assistance was introduced in the Na-
tional Mass Transportation Assistance Act of 1974,
Although the benefits of capital assistance to the taxi in-
dustry were debatable, the benefits of operating assis-
tance were clear cut.

4. Several aggressive, innovative taxi operators
rose to positions of leadership within the industry and
argued convineingly that the industry should explore new
shared-ride service opportunities.

The transit industry has generally been indifferent
or opposed to paratransit services because of greater
interest in expanding conventional bus and rail systems,
concern about the reliability of small vehicles used for
paratransit service, and fear that these new services
would divert people from existing conventional transit.
Recently, through the leadership of the American Public
Transit Association (APTA), the industry has shown
considerably more interest in paratransit. The APTA
task force report on paratransit (1) concludes, "Our
cities with their varied forms require a mixture of con-
ventional transit and paratransit providing a family of
services, services that can be designed or shaped to fit
market needs of a particular portion of the community."

In late 1975, UMTA sponsored a paratransit confer-
ence that brought together 100 experts with different
backgrounds to examine paratransit. The principal
finding of the conference (2) was that "the ideal urban
transportation system is a cooperative mix of paratran-
sit and conventional transit with highly coordinated ser-
vices, with the possibility of varied ownership of dif-
ferent modal components. Such a system would produce
greater overall operating efficiency and increased tran-
sit patronage by allowing each mode to do what it does
best."

PARATRANSIT ALTERNATIVES

A major step forward has been accomplished. Influen-
tial groups and organizations have recognized the poten-
tial role of paratransit when it is combined with con-
ventional transit. However, recognition is only a first
step. The step from recognition to realization is an ex-
tremely difficult one. Realization of the potential of
integrated systems is the major challenge we now face.
In examining integrated systems, we must distinguish
among different purposes for implementing paratransit
service. Paratransit can be used for the following
objectives.

1, New service. In low- and medium-density areas
with little or no transit service, paratransit can provide
intraarea service and collection-distribution service to
conventional fixed-route line-haul service. If success-

ful, paratransit services can act as a "pump primer"’;
as demand develops, paratransit services would be re-
placed by more conventional fixed-route services along
the corridors of the highest demand.

2. Additional higher quality service. Paratransit
supplements conventional fixed-route service by provid-
ing higher quality service to specific market groups.
The justification for these services is based on the
premise that conventional mass transit satisfies mass
needs rather than individual needs, serving all needs in
an adequate manner instead of particular needs in an
optimal manner. Before the major impact of the auto-
mobile, conventional transit was sufficient, for it was
the primary or sole travel alternative. The combined
effects of automobile availability, increased affluence,
and more dispersed low-density urban development now
dictate the need for additional personalized forms of
urban transportation that provide higher levels of service.

3. Substitute service. Conventional transit services
face a severe peaking problem; ridership during the
peak periods is 4 to 10 times as great as during the off-
peak periods. This peaking creates major economic
problems for the transit industry. Paratransit can help
decrease peaking in two ways. During off-peak periods,
when demand is lightest, particularly late evenings and
weekends, paratransit can be substituted for conventional
transit. During peak periods, demand can be diverted
to paratransit services, such as car pools and van pools.
The combined efforts of this system balancing should be
to lessen the peak loads and to increase the off-peak
loads.

All of these applications appear to make sense. Why
then has relatively little paratransit implementation been
accomplished and have many concerns of potential con-
flict been raised? Four key issues are institutional con-
siderations, funding allocation, competition, and co-
ordination.

Institutional Considerations

Many existing paratransit services are illegal if obsolete
regulations are enforced, and other paratransit ser-
vices cannot be implemented because of regulatory con-
straints. Paratransit suffers from both overregulation
and underregulation. Overregulation takes the form of
restrictive statutes that may impede efficient provision
of service or prevent innovative or integrated service.
Underregulation takes the form of lack of precise legal
definition resulting from statutes with anachronistic at-
tributes that are not flexible enough to deal with innova-
tive concepts. Local taxi industry regulations frequently
embody the former problem, and the lack of regulations
affecting van pools exemplifies the latter problem.

The existing regulatory framework in most urban
areas is based on the provision of a limited number of
service options by a limited number of providers. To
satisfy the range of different transportation needs with
varying levels of service, we should expand both the
range of options and the manner in which services are
provided. Regulation must be compatible with these
goals. This has not been the case. Instead regulations
have discouraged or prevented new services and thus
encouraged existing operations to have monopolistic
tendencies. Monopolies of any sort, be they public or
private, are generally not in the public interest.

As paratransit services develop, much greater at-
tention must be directed toward regulatory issues.
Planning and transit officials in many urban areas are
not totally aware of what regulations exist in their areas
and how those regulations affect existing and potential
services. The federal government has imposed certain



planning requirements to qualify for federal funding
programs; however, no similar requirements exist with
respect to regulation. In the same way that each urban
area must develop a regionwide planning framework,
each area should also be responsible for the develop-
ment of a coordinated and integrated regionwide regu-
latory framework. At a minimum, each urban area
should be required to develop process guidelines for
regulatory reform. The emphasis would be on the reg-
ulatory process rather than on the content of specific
regulations since each urban area has unique character-
istics that affect its regulations. The federal govern-
ment could assist urban areas by developing model or-
dinances to serve as the basis for the specific ordinances
of each region.

Another major institutional consideration relates to
labor., Since all paratransit services are labor inten-
sive, the manner in which the service is provided and,
in particular, the role of the driver have significant im-
pacts on the cost of service. For some services, such
as car pooling, van pooling, and car rental, the driver
is one of the passengers who is providing an in-kind
service. Services that use a for-hire driver vary con-
siderably with respect to salary scale, method of com-
pensation, and work rules. Transit companies have
union drivers with base wage rates generally within the
range of $5.00 to $7.00/hour, generous fringe benefits,
and strict work rules that prohibit the use of part-time
employees. Taxi companies may lease vehicles to driv-
ers, use nonunion drivers on a commission basis, are
usually not bound by strict work rules, and often make
liberal use of part-time drivers.

As a result of these differences, paratransit services
operated by transit companies generally cost consider-
ably more than similar services operated by taxi com-
panies; but taxi companies often suffer from poorly
skilled drivers and high turnover rates.

The labor situation is extremely complex, often gen-
erating strong emotional reactions. Organized labor is
viewed with suspicion and frequently blamed for pre-
venting new paratransit services because of unrealistic-
ally high wages or unrealistic work rules. Considerable
wage increases might make certain paratransit services
infeasible. However, many of these services are cur-
rently operated in a substandard manner because of the
low wages and the type of drivers being attracted at those
wages.

Labor difficulties often arise from presupposing labor
opposition and approaching labor unions with suspicion
and mistrust. We tend to exaggerate labor problems
and thus establish potential conflict situations between
labor and management. Several recent experiences,
such as the Rochester dial-a-ride project and Knoxville
van-pooling project, demonstrate that, if a labor union
is involved from the beginning and treated with respect,
reasonable arrangements can be developed.

Labor problems do exist. The impact of section 13¢
of the Urban Mass Transportation Act on taxi operators
has not yet been adequately determined. Escalation of
wages is of concern not just to paratransit but to the en-
tire transit industry. Work-rule arrangements for tran-
sit are often restrictive and pose major problems when
applied to paratransit operations. Unions should realize
that there are basic differences between providing transit
and paratransit services. In the same way that there
are different work rules for transit drivers and mechan-
ics, there should be different work rules for transit and
paratransit drivers,

Funding Allocation

Funding allocation decisions are becoming more difficult

because the cost of providing existing transit services is
increasing at a faster rate than available funds. In an
effort to raise more funds, those at a local level are
broadening the revenue base to include the county or re-
gion. Thus, more funds are being provided by outlying
areas that have little or no public transportation. Funds
allocated to provide new service in these areas are not
available for existing conventional transit services in
the higher density central city areas, Arguments are
made that it is inequitable to fund high-cost paratransit
services in rich suburban areas when the principal need
is for low-cost conventional transit service in low-
income areas. Although the argument is persuasive,
should not those outlying areas be provided with some
limited service? The issues are how much and what
type of service should be provided in the outlying areas.

Although the cost per trip of paratransit service in
suburban areas is generally high, the cost per capita is
quite small. This point is often overlooked. Paratransit
provides an areawide public transportation alternative
that requires relatively few vehicles and drivers to offer
extensive coverage for many potential users. Few people
will use the service, but those who do generally have the
greatest need. Although suburbanites tend to be more
mobile and affluent than central city residents, many are
poor and immobile. Provision of some public transpor-
tation option in suburban areas should also increase the
opportunities of more people to settle in those areas.

The greatest potential for decreasing automobile
ownership exists in the suburbs whose residents own
more than one automobile. Provision of high-quality
public transportation service should cause some families
to eliminate a second, third, or fourth automobile. This
has already happened in Reston, Virginia, and in West-
port, Connecticut, two affluent suburban areas with high-
quality public transportation service.

Although paratransit service in suburban areas might
appear to have high costs compared with those of high-
density service, it will probably be the least cost alter-
native. Several Michigan cities, disturbed by the high
cost per trip of dial-a-ride, substituted conventional
fixed-route service. The result was that demand de-
clined, and the cost per trip was even higher for fixed-
route service than for dial-a-ride service. The fixed-
route service was dropped, and dial-a-ride was re-
instituted.

Competition

Organizations view paratransit from their own perspec-
tives. For example, the transit industry is interested
in paratransit primarily to complement rather than to
compete with conventional transit. The industry has ex-
pressed concern about paratransit whenever a potential
threat of ridership loss exists. Memories of jitneys
operating '"cream-skimming' routes in the early 1900s
cause great concern among transit operators whenever
paratransit is discussed.

Does a new paratransit service divert people from
existing transit or does it divert people from automo-
biles or does it create new trips? Taxi operators and
other private providers share the same concerns. We
have little evidence of what really happens, and that
evidence is conflicting. In certain cases when new pub-
lic transportation service was initiated, taxi patronage
decreased; in other cases it remained constant; in still
other cases, it increased. We need to understand better
the ridership diversion impact of service concepts and
pricing policies.

Few transit operators currently view diversion of
peak ridership in a positive sense even if it can be shown
to be economically desirable. They view their primary



measure of success to be ridership, and the greatest
period of ridership potential is the peak. Although I
disagree with the use of ridership as a primary measure
of effectiveness, we must acknowledge that it exists.
As deficits and public concern increase, cost effective-
ness will no doubt become more important, and the at-
titude toward diversion of peak ridership might change.
That is already occurring in certain areas, such as
Sacramento, California, and Knoxville. The transit
operators are discouraging additional peak-hour transit
riders, encouraging the use of peak-hour car pools and
van pools, and encouraging off-peak transit ridership.

In certain cases, conventional transit totally supports
the use of overlapping paratransit service, The most
obvious example is service for the elderly and handi-
capped. This market has such unique service require-
ments that the benefits of paratransit are obvious. In
time I suspect that conventional transit operators will
change their view regarding provision of overlapping
paratransit service to specialized markets.

Potential conflicts do exist between conventional and
paratransit alternatives. However, these can be grossly
exaggerated and should not inhibit intelligent implemen-
tation of integrated systems, Existing conventional
transit is serving an extremely limited market: the
CBD-oriented work trip that generally comprises only
10 to 20 percent of travel in a metropolitan area. Why
concern ourselves with conflicts over that limited mar-
ket when the other 80 to 90 percent is unserved? For
example, if new van-pool applications are to be initi-
ated, they should be concentrated in outlying areas where
no transit options exist rather than be placed in areas
where they compete with existing transit service,

The federal government, through recent policy state-
ments, has provided the opportunity to effectively use
paratransit options. The question now is, How effec-
tively will we use them? A major responsibility rests
with the transit and taxi industries and their trade or-
ganizations to ensure that we take constructive initia-
tives. The first steps hold the key to working together
to combine paratransit service with conventional transit
and public and private operators. There are so many
areas of potential cooperation that we should not focus
on those areas of probable conflict. There is too much
to be accomplished for us to divert major attention to
nonessential issues.

I am not trying to suggest that everything is rosy.
Significant areas of concern and confliet exigt, Thig
is understandable and healthy. I hope, however, that
we do not create such significant conflict situations that
paratransit concepts become infeasible. The two major
industry trade organizations, the American Public Tran-
sit Association and the International Taxicab Association,
should initiate cooperative projects to point us in the
right direction and demonstrate what can be accom-
plished.

Coordination

The challenge is to develop combinations of services
that are compatible with respect to service quality and
complementary with respect to system use, System and
service components should be integrated in a balanced
manner that satisfies customer demands, provides for
customer choice of different service levels at different
costs, and uses the various system components in a
highly efficient manner. The concept of an integrated
system does not imply a single operating agency. Many
different services should be offered by different trans-
portation providers, both public and private, in a man-
ner that achieves system coordination and integration
while maintaining the independence of the various op-

erators.

An example of how integrated services with different
operators could function is the Allegheny Airlines com-
muter system. More than 10 small commuter operators
contracted with Allegheny Airlines to augment line-haul
service provided by Allegheny. Customers using one of
the commuter lines perceive that they are flying with
Allegheny; they use the Allegheny computer reservation
system, flights are listed in the Official Airline Guide,
and Allegheny personnel transfer luggage to connecting
flights.

In many cases, Allegheny uses the commuter service
technique as a way of replacing inefficient line~haul ser-
vice. According to its report (3), "In nearly every city
where Allegheny commuter service is introduced, flight
frequencies double, triple, and even quadruple those
previously provided by Allegheny Airlines with larger,
50-passenger aircraft.” But Allegheny does not choose
to operate the commuter lines. It recognizes that a
carrier oriented toward medium-distance line-haul
travel is not necessarily the best carrier to provide
short-haul commuter service. Allegheny does, how-
ever, provide the coordination role: 'Commuter flights
are scheduled to connect with flights operated by Alle-
gheny and other major airlines at hub terminals. Con-
venient, high-frequency connecting patterns have in-
creased passenger boardings at commuter cities dra-
matically compared with traffic prior to replacement by
Allegheny Commuter Service" (5.

Coordination of urban mass transit services is, of
course, far more complex than the Allegheny example.
Each of the urban transportation services (e.g., transit,
taxi, limousine, and specialized services) has acted in
the past as a separate culture with its own procedures
and traditions., Thus, there is wide variation in how
these industries are structured and function. The pri-
vate sector operates in a competitive environment with
profit maximization as a primary goal. Public-sector
operations are typically based on a single service pro-
vider with social benefits as the primary concern,

It is important to differentiate between interest in
providing paratransit services and ability to provide
service. An existing provider may be totally committed
to a new paratransit concept, but lack the organizational
flexibility and management expertise to adjust to new
service and operational requirements. This is true of
both public and private providers. A more serious situ-
ation oceurs when providers are asked to implement
plans they do not fully comprehend and are not totally
committed to. Some providers view paratransit as a
vogue that will pass but is now diverting them from their
major interest and true mission. Failure of new para-
transit services becomes a self-fulfilling prophecy. This
has already occurred in a few cases and is on the verge
of happening elsewhere.

Recently, the brokerage concept has been proposed
as a mechanism for service coordination. The idea of
having a neutral organization matching those who need
service with those who provide service has much merit.
We should realize, however, that we are not dealing
with a free market situation in urban transportation.
Urban transportation is a public service. Although in-
creasing the number of service options and providers is
desirable, basing the choice of options and providers
solely on economic criteria can be dangerous. Is it fair
to deprive an existing public transit company of more
favorable operations if another lower cost operator can
provide a more cost-effective service and at the same
time to require the public transit company to be the
provider of last resort for important but unprofitable
service ?

Another basic issue is whether we should use an



evolutionary or revolutionary process for change. An
evolutionary process uses an existing organization to
coordinate service; a revolutionary process introduces
a new organization. Primary responsibility for coordi-
nation of transportation frequently resides in a regional
transportation authority (RTA). The charters of RTAs
are extremely broad and cover far more than conven-~
tional transit. However, the need to cover ever-
increasing deficits has forced many RTAs to concen-
trate exclusively on existing transit operations. Often
an RTA becomes defensive and adopts a protectionist
attitude toward its transit operations. It ceases being
an organization concerned with broad transportation

responsibilities and becomes a transit operating company.

I hope that RTAs can broaden their roles, seek in-
volvement with other transportation providers, and as-
sume overall responsibility for coordination of trans-
portation services. Many RTAs have already begun new
activities, such as car-pool and van-pool programs and
subsidization of private carriers for paratransit service.
The federal government should encourage and reward
transit authorities that take positive steps toward a
broader base. This can be accomplished by providing
incentives, such as considering car-pool and van-pool
passengers gained as a result of transit authority co-
ordination as increased ridership, that could be rewarded
by increased federal funding.

If an RTA is unwilling or unable to assume a more
neutral position, then we must either look to other ex-
isting organizations, such as metropolitan planning or-
ganizations or councils of government, or create some
new organizational structures within metropolitan areas
that can coordinate planning, regulation, funding allo-
cation, and operations.

Is there any one best solution for coordination? I
think not. In the same way that different service con-
cepts are appropriate in different urban areas, so too
organizational relations among providers will vary
among urban areas. It is premature at this time to
specify what is best. Rather, a variety of different ap-
proaches should be tried so that the benefits of different
alternatives can be determined.

FUTURE DIRECTIONS

What are the appropriate directions for the future? I
am troubled that a backlash toward public transportation
might soon develop. Our credibility record is poor if
promises are compared with results. Operating defi-
cits are rising at an alarming rate at a time when public
funding programs are being held constant or reduced,
particularly at a local level.

We live in a constantly changing society. Technology
continually opens new opportunities at the same time
that resource limitations raise serious questions about
future directions. Our goals and values change in re-
sponse to a variety of factors.

What does the future hold? Two things appear to be
certain. First, we must use existing capabilities and
resources better rather than continue to build new fa-
cilities. Second, change is inevitable, but probably not
predictable.

These directions have definite implications for urban
transportation. We must be more concerned with cost-
effective solutions, make better use of existing public
transportation resources, and use flexible systems that
can respond to change. In that context, paratransit can
play a vital role in urban transportation systems of the
future,

Paratransit services and integrated systems are still
largely innovative, experimental concepts. The diffusion
of any innovation is a complex, lengthy process. For

more than a decade, the U.S. Department of Transporta-
tion has stressed the concept of balanced transportation
planning. Urban areas are required to jointly consider
highway and transit alternatives and investments. Today,
in spite of numerous pressures, relatively little is being
done. It took time to develop new planning approaches,
reeducate people, and break down preconceptions and
opposition. Realistically, one must expect a similar
lengthy process to occur with respect to integrated pub-
lic transportation systems. To ensure that we achieve
our objectives, we should concentrate in the following
three areas.

Research and Planning

We know little about the design, implementation, and
evaluation of integrated systems. Two studies, which
have been completed for the U.S. Department of Trans-
portation, examine the concept and feasibility of major
modal diversions to integrated public transportation
systems. For the first time, issues of service choice
and integration of paratransit and conventional transit
service were explored. The results of those research
efforts are quite encouraging. They demonstrate how,
as mode split increases, integrated systems can yield
economies of scale as high as 40 to 50 percent in the
cost per passenger and how flexibly routed paratransit
services play an important role in the transition from
current low modal splits to more moderate modal splits.
That work is only a first step and should be continued.

Many specific questions that have been raised in this
paper can only be answered by undertaking research.
What impact does paratransit have on conventional tran- |
sit? To what extent are they competitive? What are the
relative economies of operations during the peak and |
off-peak periods ? Should transit systems try to divert
existing peak ridership? What are the implications of
section 13c of the Urban Mass Transportation Act on
the provision of paratransit service? What regulatory
reforms are required to allow implementation of new
service options and greater flexibility of service pro-
viders while ensuring protection of the public and equi-
table treatment for existing operators? What impact
will automation have on the coordination and operation
of paratransit service? What are the potential roles of
untested paratransit concepts, such as areawide short-
term rental cars and legalized hitchhiking? What in-
centives should be provided to encourage paratransit
and integrated systems ? What alternative subsidy
schemes can be used, such as direct subsidy to users
rather than to transportation providers? What role can
automobile disincentives play in encouraging the use of
integrated systems?

Our traditional planning approaches geared toward
unimodal fixed facilities are often not relevant for short-
term, noncapital service. We must develop new tools
that permit us to work intelligently with these service
concepts. Paratransit has taught us to be much more
concerned with individual markets, and our planning
tools should reflect that orientation.

Experimental Implementations

We need to implement programs that explore new service
concepts, new service providers, and coordinated ser-
vice. The Service and Methods Demonstration Program
has played a critical role in this experimentation. The
funding for that program should be expanded so that more
meaningful experiments can be undertaken. The ex-
periments must be coordinated to try a variety of ap-
proaches that build on one another. Initially we should
concentrate on sites and experiments with a high prob-
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ability of success. Succeeding experiments would ven~
ture into successively higher risk areas. Existing
transportation providers, particularly the transit in-
dustry and the taxi industry, should play active roles
in proposing experiments with a potential for success.
A closer tie between federal and state demonstration
programs is appropriate.

Transfer Mechanisms

Mechanisms are needed to transfer successful results
to other urban areas. Ignorance and misinformation are
the greatest potential dangers facing paratransit. Rel-
atively few decision makers at a regional or local level
understand the implications of paratransit service. If
these people are to intelligently choose among alterna-
tives, they must become more knowledgeable about
paratransit.
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Integrated Transit Service
in Santa Clara County

James T. Pott, Transportation Agency, Santa Clara County

This paper describes the experience of an integrated transit system in
Santa Clara County, California. Background information on the county
and the origins of the system are presented, as well as a description of
the services provided. After 4%2 months of operating the full system,
elements of the system were dismantled. Some of the reasons for this
failure are discussed.

Many words and probably tons of paper have been gen-
erated as a result of the ambitious and forthright attempt
by Santa Clara County to institute an integrated transit
system suitable for the twentieth century. Words and
paper notwithstanding, I can report that the attempt was
a success. But it was success with a vengeance. In
Santa Clara County, we did what others just talk about.
The fact that part of our project failed because of a lack
of resources does not detract from the importance of
the concept to transit operations everywhere. Those
who have been able to look past the hardware have rec-
ognized this importance and we find that gratifying,

The problem of integrating transit in an adaptive
manner to respond to the changing goals and aspirations
of the many conflicting trends in our society is only now
beginning to be addressed. More commonly, the con-
cept of integrated transit seems to confine itself to mak-
ing devices work together in the transit business, rather
than integrating transit with the infrastructural system.

In Santa Clara County, our design concepts were pro-
jected to integrate police, fire, and emergency vehicles
as well as arterial, bus-pool, dial-a-ride, and light and
heavy rail services, Provision was even made for the
very necessary incorporation of private-sector services.
Finally, we have started to provide the governmental
and management structure to accommodate this total in-
tegration,

Happily, the concept of transportation as a functional
system helping to link together the other functions of an
urban society is still in effect in Santa Clara County,
even though a portion of that integrated system has now
been constrained by the decision not to proceed at this
time with countywide demand-responsive services.

Some brief background information on Santa Clara
County will be helpful in understanding the Santa Clara
experience since it is only by understanding the nature

of a community that strategies for transportation and
transit can be properly understood, Meshing the com-
munity with transportation strategies is the first and
most important integration,

Santa Clara County has a population of about 1.2 mil-
lion people and an urbanized area of about 620 km® (240
miles”) in a county whose overall area is about 3400 km?®
(1300 miles®), There is a strong county government with
15 independent, and independent-minded, cities ranging
in population from 3000 to 550 000. In the 1950 census,
Santa Clara County had a population of fewer than 300 000
people. By 1960, that population had grown to 640 000.
In 1970, the population was about 1.1 million, but many
people strongly wish to slow the rate of growth for a
broad variety of reasons, A large part of the population
is highly educated and therefore well able to articulate
a wide-ranging set of ideas for the future of the county.

The county has a large number of both established
and experimental regional mechanisms for addressing
some of the more comprehensive issues normally asso-
ciated with large urbanized areas, one of which is the
overall transportation issue. Transit, which is the re-
sponsibility of the Santa Clara County Transit District
(SCCTD), is dealt with by a governing body that is also
the Board of Supervisors of the County of Santa Clara,

a unit of general-purpose local government. This po-
litical arrangement dictates that transit be considered

in priority with other urban issues. To ensure that all
cities and major interests have an appropriate influence
on this governing body, there is also the County Trans-
portation Commission composed of city council members
from each of the 15 cities, along with 10 others, 3 of
whom are supposed to have some special knowledge of
transit.

ORIGINS OF THE INTEGRATED
SYSTEM

The Arterial/Personalized Transit (APT) system in Santa
Clara County has often been referred to as dial-a-ride.
This is incorrect. APT is a system concept, indepen-
dent of hardware, based on functional services to pro-
vide the opportunity of mobility to all the people in Santa
Clara County. Dial-a-ride was merely part of APT.

11
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APT was conceived in controversy. Transit has been
a controversial issue in Santa Clara County since the
first paper was written in 1964 advocating the pursuit
of a comprehensive transit effort, during the time when
the highway-building program was in its heyday. The
controversy has continued among those who believe that
the automobile mode should be terminated; those who
believe that the automobile is the only way to go; those
who believe that electrified, exclusive right-of-way
transit is the only solution to long-term travel problems
in the Santa Clara County metropolitan area; those who
believe that, since fixed guideways take too much time
and money to install, buses are the only solution; and
those who believe that the public should be left alone,
particularly insofar as additional taxation is concerned.

The transit controversy led inevitably to making a
study. That study in 1969 recommended a system of
fixed-route bus services covering about 70 percent of
the 1980 population in the urbanized areas and using 325
buses. This recommended plan was a considerable im-
provement over the then-existing bus services provided
by private operators, which served about 53 percent of
the urbanized population with roughly 75 buses. The re-
port was not greeted with favor by those who advocated
an immediate rapid transit system.

When the SCCTD was created in June 1972, it became
mandatory to deal effectively with the sharp divisions of
opinion concerning the appropriate initial size of the bus
fleet, particularly to ensure that the bus fleet should not
be so large as to preclude productive efforts toward in-
stalling the electrified rapid transit system. Goals and
programs were adopted. The decision was made to be-
gin countywide transit services with about 200 buses.
That decision was a compromise and offered a fleet of
a size that could be operated within the financial limita-
tions of the legislation that created the SCCTD, which
at that time contained no local taxation capability.

As soon as the compromise decision was reached, a
new controversy was created, Sharp disagreement sur-
faced over the deployment of such a limited number of
vehicles for 1.2 million people in 620 km® (240 miles®),
Jurisdictions that had transit service from the private
companies that had been purchased were insistent that
service levels be improved. Jurisdictions that did not
have transit service were equally insistent on receiving
their fair share of transit service, preferably in pro-
portion to population and certainly in proportion to tax
revenues generated by a $0.0025 sales tax.

APT avoided the politics of the deployment comro-
versy and focused on goals. Given 200 buses to serve
more than one million people, it was quite apparent that
a formula allocation of buses to jurisdictions would pre-
vent achieving reasonable service levels. The concept
of judging transit service levels by the opportunities for
service, irrespective of jurisdiction, was introduced
and called APT. Under this system, there would be a
countywide network of arterial routes that would serve
countywide travel. Since 54 percent of all trips are less
than 8 km (5 miles) in length, the short trips would be
handled by demand -responsive services. The number
of vehicles needed to respond to demand in a given area
would adjust to that demand. On this basis, if demand
was low in a given area of the county but very high in
another area, vehicles would simply move from the low-
demand area to the high-demand area to equalize re-
sponse time to a call for service. It would be very dif-
ficult then for any jurisdiction to argue that it was not
receiving its fair share of transit service. The true
integration of arterial services and demand-responsive
services minimized the perennial problem of the transit
operator concerning productive use of a fleet during the
off-peak hours and made the best use of a grossly inade-

quate number of vehicles.

APT was born of these controversies in an effort to
provide at least some transit service with the resources
available. It was fundamentally an orderly expression
and refinement of the transit desires of the community,
including the needs of those who rated themselves transit
dependent because of income level or physical handicap.
It was intended to be a bridging operation between no
transit service and adequate transit service, while both
addressing social needs and avoiding the political con-
troversies that were threatening to result in simple in-
action, APT was a strategy for approaching the overall
goals without complete revamping of service with each
step. It was and is a hardware-independent service
strategy that was also suitable as a feeder network (col-
lection/distribution system) not only for heavily traveled
arterial bus routes but for future fixed-rail facilities of

any type.
SERVICES PROVIDED

The arterial portion of APT consisted of 99 to 132 ve-
hicles on 19 routes forming a network over the entire
county of 446 km (744 miles) of two-way routes with
basic headways of 15 and 30 min.

The personalized transit (PT) portion of APT con-
sisted of 39 to 75 vehicles (the original design called
for about 100) in 18 zones within four control areas.
Three of the control areas, in the more heavily urban-
ized northern part of the county, used computer-assisted
reservations, scheduling, dispatch, and management.
The average zone was 34.4 km® (13.3 miles®) and had a
population of 61 000. Address subzones were sized at
about 2.6 km? (1 mile®) for convenience.

In addition to these highly visible services, APT also
envisioned coach facilities for the self-assisted wheel-
chair rider as a part of mainstream transit service in
which both the handicapped and the able bodied would
ride the same vehicle. Such an integration was not only
adopted for social reasons, after discussion with handi-
capped people, but was also required to make effective
use of scarce resources.

Commuter specials or bus pools were also instituted
and continue to be a part of the transit service in Santa
Clara County. The commuter special is the one piece
of premium service for which a premium fare was agreed
upon to permit recovery of operating costs.

In order to provide these services with a fleet of 212
buses, only 134 of which were new and truly operabile,
each vehicle ran in excess of 9300 km (5800 miles) per
month despite shorter than normal operating hours, both
on weekdays and on the weekends, The rate of 9300 km
per month per coach in fleet is probably at least 60 per-
cent higher than the rate for other major transit proper-
ties in California. This intensive fleet use compounded
problems that were to have been avoided by rapid vehicle
replacement. The replacements did not materialize,

Ridership jumped, nevertheless, during the 4 months
and 17 days that APT was in operation, from fewer than
18 000 riders per average weekday to more than 32 000
riders per day. In the remaining PT service area,
ridership in December 1974 was 150 per day with three
vehicles. Today, that service carries up to 938 in one
day with seven vehicles.

THE FAILURE

The demand -responsive element of APT began on Novem-~
ber 24, 1974, and APT was fully installed on December
21, 1974, The PT element was discontinued in the
northern part of the county on May 9, 1975. During that
period, APT system ridership increased dramatically,



and PT ridership increased steadily from about 1200 on
the first day to 6671 on Tuesday, May 6. The demands
placed onthe system were high and highly visible. Rapid
adjustments within the severe fiscal constraints occurred
during this 4% months. The adjustments were ongoing,
as was intended in the original concept, but they were
inadequate to stem the tide of discontent.

Probably the primary trigger for failure was that the
revised countywide arterial network was installed with-
out sufficient consideration for problems of the rider
who was displaced, despite the cooperative effort of all
cities in designing the revised network. Controversy
surrounding the efforts of displaced riders to recover
these old fixed routes tended to discredit the entire APT
system. Displaced riders both resisted exercising the
alternative transit opportunity that existed and were un-
able to use the PT system because the general demand
was so great. A measure of that demand is indicated by
the problem of the telephone system. On the first day,
more than 50 000 telephone calls for PT service were
attempted. Not only was the SCCTD's telephone system
on the brink of disaster, but the entire telephone system
of the county incurred severe strain, and emergency
measures were taken at the telephone company's switch-
ing stations.

The very nature of the APT strategy unleashed the
dormant expectations of the public and revived old con-
troversies, The problem of the rider displaced from
fixed ~route services became a rallying point to coalesce
discontent with society in general and transit access in
particular.

Legislative discontinuity was an important feature in

the political failure of a technical and box-office success.

APT began full service on December 21, 1974, By Jan-
uary 7, 1975, the complexion of the governing body had
changed with the addition of two new members of the
five-person Board of Supervisors. A new majority ap-
peared to exist, with little allegiance to previous deci-
sions and with the problem of coping with the highly
activist demands of some community interest groups.
The solution finally arrived at was virtually inevitable,
given the rigid financial constraints and the legislative
discontinuity.

There is no question that the demand for the new ser-
vice, coupled with the scarcity of resources to satisfy
this demand, contributed greatly to the demise of dial-
a-ride. Under normal circumstances, given a high de~
mand for service, a reasonable response would be to in-
crease the resources needed to satisfy that demand.
This was not possible. As demand levels continued to
rise, any adjustments to service tactics could not really
address the fundamental problem of undercapitalization.
Service continued to attract more riders but greater
feelings of discontent. The constituency in favor of the
service could not enlarge itself rapidly enough because
there were too few buses. It was never possible to de-
vote the planned number of buses to demand-responsive
service because of the increased peak-load demands in
the arterial service, for which schedules and routes had
already been published. Under such circumstances,
fleet deployment gravitated toward arterial services,
which further deteriorated the already inadequate PT
service.

The willingness to compromise was gone by this time.

Dial-a-ride was singled out as the culprit, despite the
fact that ridership in the APT system per coach in fleet
per day compared favorably with other major transit
operations in California. The problem of the empty bus
remained because of the uncompromising attitudes that
prevailed during attempts to explain the concepts of
APT. The concept of the integrated system was for-
gotten, and APT was regarded as a series of discrete
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transit services independent of other transit services
that were being performed. Dial-a-ride was focused on
by the community interest groups as the source of all
inadequate transit services being provided by a fleet of
200 buses in an urbanized area of 620 km® (240 miles?)
and 1.2 million people.

When APT began, eight taxicab companies in Santa
Clara County that owned approximately 150 taxis, half
of which operated each day, became concerned over the
potential loss of business, particularly to dial-a-ride.

A lawsuit followed and the judgment was against the
SCCTD. Apprehensions concerning the total compensa-
tion that would have to be paid to the taxi companies fur-
ther aggravated the situation.

Attempts were made to reach some accommodation
with the taxi companies, but these attempts were also
frustrated by the district's inability to incur additional
financial obligations. The SCCTD attempted, at various
times, to treat the private taxi fleet as a part of the
total public transportation system and offered central-
ized dispatching and scheduling. It also offered an ag-
gressive referral service during periods when our own
response times would be too long. It offered referral
services for those who might not wish group travel and
were willing to pay a premium for private travel. It
offered to centralize marketing so that any member of
the public wanting to make a trip by anything other than
a private automobile would be able to make one telephone
call. Unfortunately, these attempts at operational inte-
grations failed. The taxi companies were unwilling to
consider anything but the simple payment of dollars by
the SCCTD. The lawsuit is still on appeal since the taxi-
cab company owners want to be purchased anyway, rather
than paid damages. A similar problem with ambulance
companies is possible if demand-responsive services are
proposed for only the elderly and handicapped.

Cost computations on dial-a-ride came from a variety
of sources, but costs were assigned to dial-a-ride on a
proportional-cost basis only and without a proper appre-
ciation for the integrated nature of the system or the
peculiarities of the union contract. Under the union con-
tract, labor costs incurred during peak hours on fixed
routes are proportionately higher because of restrictions
on the total number of hours an employee can work and
guarantees to the employee for a certain number of hours
of pay if he or she reports for work. Sophisticated
marginal-cost concepts were ineffective during this
time of intensive and simplistic political battle. Realis-
tic application of marginal-cost theories would have led
to the conclusion that dial-a-ride cost virtually nothing
compared with our overall rates of expenditure.

During the start-up period, inexperienced personnel
were at a severe disadvantage under such high-pressure
conditions. Despite intensive training, the learning
curve was flatter than it should have been because of
ad hoc attempts to respond to high levels of criticism.
Service efforts were sharply diluted as panic spread.

LESSONS

Providing transit services in the context of overall
transportation mobility for a metropolitan area is a com-
plex problem. Proper provision of these services can
best be discussed under the headings of price, product,
packaging, promotion, and politics,

Price

The price of adequate transit services is high. The tra-
ditional public concept of transit service is that it is an
entrepreneurial undertaking that should somehow be paid
for entirely by the customer. The customer is usually
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defined as the one who rides on transit. Only recently
has the idea been introduced that transit services should
be treated like any other governmental service and not
like an entrepreneurial undertaking, With government
operating transit, social values take on increasing im-
portance and influence the conduct of transit service.

Dealing with transit in such a way requires a differ-
ent pricing approach, but the viewpoint that transit
should be paid for solely by the rider lingers on. To
the extent that the customer is the beneficiary of the
existence of a service or product, the transit customer
is the population at large rather than merely the rider.
The rider secures a direct, identifiable benefit for which
he should pay. At the same time, however, the commu-
nity at large receives an identifiable, although still in-
tangible, benefit from the existence of transit, and the
community should be expected to pay in proportion to
that benefit. The transit customer is now everyone in
the community who benefits from transit riding, from
decreased congestion, from improved air quality, and
from decreased consumption of land. The pricing of
transit, however, does not yet recognize this new situ-
ation.

In addition, decisions on pricing policy by those in
government who are inexperienced with pricing theory
further complicate the situation. There is the mistaken
concept that the price margin should be uniform over all
elements of service. Pricing levels should be based on
the attractiveness of the product and should provide a
functional economic situation. In the APT system, the
price for dial-a-ride was established at precisely the
same level as that for traditional fixed-route service.
The level of service for the two is different, however.

The use of pricing as a means of regulating demand
on limited resources is not yet fully understood in gov-
ernment circles. The loss-leader concept has insuffi-
cient currency. In addition, fare levels have been es-
tablished more on the basis of social goals than on
economics. That attitude has curtailed the ability to
achieve differential pricing by modes of service, except
in the arena of bus pools, which are regarded as being
primarily for the more affluent.

In addition, some complaints were received from
senior citizens who objected to the need to make a tele-
phone call to secure transit service. Many senior citi-
zens view the telephone not as a utility but as a lifeline
for emergency purposes only. They have telephones
but use a limited-service rate. The need for the tele-
phonc call thercfore added to the cost for transit service
and virtually eliminated the benefit of lower fares for
the elderly.

Product

The product offered by APT service was superior and
was achieved at a premium of 7 percent or less over the
alternative of 100 percent traditional fixed-route transit
services. The premium to produce that product was
perceived as being considerably higher because of the
empty bus factor in the face of extraordinary demand.
The product also required using advanced technology,
such as computerized assistance for scheduling and dis-
patching. While the computer did its job superbly and
was a minor part of the cost, it added to the perception
that APT was a premium-~cost service that could not be
properly afforded given the financial constraints on the
SCCTD.

Our use of computer technology does not have to
be defended. We could not have operated demand -
responsive service in the urban areas of the county
without the computer. The scheduling and dispatching
programs did exactly what they were designed to do

and more. Reliability was excellent—90 min of hardware
downtime in 10 000 h of operation. Furthermore, we are
convinced that computer technology improved scheduling
effectiveness over manual methods by 20 to 30 percent,
as shown by a constantly rising vehicle productivity that
reached 6.6 just before the PT service was terminated,

Incidentally, we have continued to use the computers
for other transit-related purposes. We recently in-
stalled a low-cost automatic passenger information sys-
tem, and we are beginning to develop a low-cost system
for checking the adherence of vehicles to schedules on
fixed routes.

Packaging

The packaging for the service was also superior. Graph-
ics on the inside and the outside of the bus were designed
for high visibility as well as nighttime safety, and they
were designed to help the bus seem smaller in the street
than it really is. Special attention was devoted to the
selection of the power plant. Buses were going into
areas of the county where large vehicles had never gone
before, Transit was sold, in scme measure, on the
basis of environmentalism. After careful consideration,
the diesel engine was discarded as a suitable power plant
because of smoke, smell, and noise. A gasoline engine
converted to propane fuel was selected after a protracted
fight with those with more traditional viewpoints.

The interior of the vehicle was specifically designed
for customer comfort, but with a view to adequate main-
tainability and cost considerations. Space between seats
was increased for additional leg room. Floors were
carpeted. Ceilings were vinyl covered. Incandescent
rather than fluorescent lighting was used to provide pools
of light at a seat. Interestingly enough, with the reduc-
tion in seating capacity the overall peak-hour loading
capacity of the bus was increased. In addition, vandal-
ism rates have been lower with the soft interior than
with more standard interior bus treatment. Small in-
dividual NO SMOKING signs were glued to windows.
These signs have been subjected to the only significant
vandalism as members of the public have taken the
stickers for souvenirs and for use in their own estab-
lishments. This packaging strategy continues to attract
happy compliments from new riders.

The same vehicles were used for both arterial and
demand-responsive service. This packaging decision
resulted from the search for a universal vehicle and
the necd for dynamic balancing of fleet deployment dur-
ing the course of the day. What actually occurred, how-
ever, was that while the bus was in PT service it was
perceived as empty and therefore extravagant. In addi-
tion, all buses, however they were being used at a given
moment, were perceived as being in PT service because
of the timing of the start-up, since dial-a-ride was in-
troduced in advance of arterial services. The problem
was compounded by the administrative decision to use
relatively clear glass in the new large-windowed buses.
A better decision would have been to darken the windows
of such large-windowed vehicles to enhance interior
coziness and inhibit charges of extravagant emptiness
directed even at buses that were out of service,

A large integrated transit system that includes
demand-~responsive services depends on packages of
equipment and business systems that are not within the
control of the transit operator. Demand-responsive
service, for example, requires intensive use of the tele-
phone if the system is to operate successfully. A very
large demand -responsive service places intensive opera-
tional demands on the telephone system in the area.
During the early stages of dial-a-ride, some 50 000 to
70 000 telephone calls were being attempted each day



within a 16-h period. This is a call rate of 45 to 65 re-
quests per 1000 population rather than the rule of thumb
of 10 to 26, Uncompleted calls were due not only to our
inability to answer such a large number of requests, but
also in some measure to the failure of the overall tele-
phone system itself,

Promotion

The promotion of APT was probably superior. Advance
information issued was colorful, informative, and, un-
fortunately, in some respects exhortatory. The place-~
ment of the Rider's Guide into virtually every household,
before service was begun, excited expectations, and there
was insufficient time to explain truly what was inside the
package. As a result, it was pure promotion rather than
instructive promotion, With a technologically innovative
system such as APT, the educational effort should have
received more emphasis during the promotional phase,
This problem was compounded by informal commentary
to civic groups and other interested organizations con-
cerning the potentials of the APT system without ade-
quate explanation as to its practical limitations in ve-
hicles available. The formal and informal promotion

of APT loosed unexpectedly high expectations. It is
difficult to know precisely what was said in some of the
informal promotion, but the suspicion is that there was
too much implication of utopia unfettered by practical
limitations,

Politics

Politics is not typically taken into account in transit
marketing, but the provision of government transit ser-
vices is political. Political accommodation is therefore
inextricably bound up in the technical solutions that are
sought. This fact was not properly recognized and the
problem of political passions was too casually dismissed
by technicians, professionals, and politicians alike,
especially when dealing with technologically innovative
management solutions for providing ubiquitous transit
services, Nor did we recognize how volatile politics
really is. The ever-present possibility of the new pol-
itician was not factored into design decisions.

In addition, politics governed the decision for a shot-
gun start of APT. Despite a preference for incremental
and gradual beginnings, the policy of a shotgun start was
made after a majority of cities volunteered to be first.

CONCLUSIONS

Dial-a-ride died, but there is still some integration of
transit services within Santa Clara County, and normal
arterial fixed-route bus transit services continue,

Commuter services, also known as bus pools and van
pools, are being emphasized. A new van-pooling opera-
tion now under way is designed, once again, to maximize
service opportunities in the SCCTD. Vans are used for
a 6-month trial period to acquaint employers with the
concept of van pooling without an investment in equip-~
ment or assumption of risk by the employer. After the
6 months, employers and employees have the option to
end the project or continue with their own drivers and
equipment, and the SCCTD takes its vans and goes on to
another employer to aid in establishing private van-
pooling efforts.

Ten off-peak local routes serving neighborhoods and
major trip attractors have been established since the
deniise of dial-a-ride in the former PT service areas,
Route configurations are based on a review of the 4%
months of operational data coming out of the dial-a-
ride effort. Buses run at nominal 30-min intervals and
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cover the off-peak transit service time of roughly 9:00
a.m. to 3:00 p.m. These fixed routes on fixed schedules
are intended to accommodate as well as possible the
midday trips previously accommodated by dial-a-ride.

Full demand-responsive dial-a-ride services are
being continued in the southern part of the county cover-
ing the cities of Morgan Hill and Gilroy, the community
of San Martin, and the surrounding semirural area,

This service carries more than 100 people per vehicle
per day and is steadily growing. Waiting times exceed

1 h during the morning peak and all afternoon and early
evening. Demand-responsive coach service for the
handicapped has also been instituted. Interestingly
enough, the daily proportion of ridership by self-assisted
wheelchair riders exceeds the estimated percentage of
people confined to wheelchairs in the population at large,

The consideration of successes or failures in a truly
integrated transit system must delve very deeply into
behavioral and infrastructural factors. The APT ex-
perience in Santa Clara County has led me, for example,
to appreciate strongly the fact that there is a definite,
albeit undefined, relationship between public perceptions
and expectations and that both are highly volatile.

Integrated transit approaches require integrated gov-
ernmental approaches to urban issues, complete with
integrated hazards that are probably higher than those
normally experienced by the traditional transit operators.
Relationships between the public and private sectors be-
come very important, and I suspect that they are unique
to each area in this country. A simple discussion of
modal integrations, in this context, becomes superficial
and inadequate.

If there is to be truly integrated transit, including in-
tegration with the community, transit techniques will
have to address problems larger than the simple inter-
facing of equipment or management techniques, When
community goals are known, transit goals can be inte-
grated in turn and appropriate management strategies
can be devised., If such an approach is to be adopted
elsewhere, I would urge the administrator of such an
effort to be particularly sensitive to the realization that
he or she can increase service linearly but must face
the problem of dealing with geometrically rising public
expectations and perceptions.

A final set of comments is required. This presenta-
tion has deliberately not been filled with statistics and
operational data. Truly integrated transit resides in
combining transit with community goals, and these are
not statistical issues. Integrated APT in Santa Clara
County was pursued with what, in my opinion, was a re-
markable partnership that integrated the problem-
solving capabilities of the public and private sectors.

We have the tools to integrate our transit services.
We need now the will and the management and political
structures to make those integrations possible. Man-
agement strategies must be based on the recognition that
the public interest is not necessarily the interest of the
public at any given moment in time. Only if we under-
stand these behavioral considerations, both for individ-
uals and for groups, can transit be truly integrated.



Demand-Responsive
Transportation in Ann
Arbor: Planning and
Administration

William D. Drake,* University of Michigan

Since its formation in 1968, the Ann Arbor Transportation Authority
(AATA) has made significant strides in shifting the emphasis from private
automobiles to public transportation. This paper details the implemen-
tation of a system that has grown from ground zero in 1968 to 1 600 000
riders in fiscal year 1974-75. The attendant growth of AATA’s capital
equipment and annual operating budget is similarly impressive. Funding
has been derived from federal and state grants and a local property tax
adopted by the voters in 1973. The local funding support is important
because it demonstrates a high level of community support for the transit
system and furnishes the required matching funds for larger state and
federal grants. The AATA system is truly demand responsive since it in-
cludes planning and service revisions as well as the dial-a-ride service. It

is anticipated that the respective importance of dial-a-ride and line-haul
service will shift as the system matures and ridership reaches a much
higher level. Long-range growth can be ensured only because AATA con-
tinues to monitor public response to its service and to implement required
changes.

Ann Arbor is a unique and exciting community in many
ways. Concern for social justice and attention to the
quality of our environment dominate many policies and
programs, It is natural ihen ihal we are leaders in the
development and implementation of a new public trans-
portation system that is helping to shape our future,

A major advance toward this new public transporta-
tion system came with a 2.5-mill property tax earmarked
for public transit that, when passed in 1973, amounted
to $1.5 million. Since that time, the Ann Arbor Trans-
portation Authority (AATA) has been progressing steadily
toward high-quality personalized transit. AATA's 1975-
76 operating budget of $3.8 million gives some idea of
its growth.

HISTORY

The AATA is a young organization, chartered by the city
of Ann Arbor in July 1968, under a public act of the state
of Michigan. This act enabled municipal transit authori-
ties to operate service within the city of incorporation

This paper was presented at the Eighth Summer Meeting of the Trans-
portation Research Board, August 7, 1975.

*Mr. Drake was chairman of the Ann Arbor Transportation Authority
when this paper was written.

16

and some distance beyond its boundaries. The original
limit of 3.2 km (2 miles) was changed to 16.1 km (10
miles) in 1970 through special state legislation to allow
the AATA service area to better conform to the service
needs of the urbanized area.

The AATA was created when the city recognized that
operation of a transit system could no longer be under-
taken at a profit by private enterprise (the last of a series
of private operators stopped service in May 1968). After
several months with no bus service and a brief unsatis-
factory experience with an outside contracting firm, pub-
licly operated service commenced with four minibuses
in Spring 1969. Later that year, used transit coaches
were purchased and regular fixed-route service was re-
stored with 30-min headways on three main routes.

The AATA purchased 16 new transit buses in 1970 with
the assistance of the U.S. Department of Transportation
Capital Grant Program. This enabled further expansion
of line-haul service to six different routes covering most
of the city. Half-hour service was offered during peak
periods and hourly service at midday. The lines operaied
Monday through Friday, with a 35-cent cash (adult) fare
and free transfers. This basic line-haul bus system re-
stored public transit to Ann Arbor and provided the foun-
dation for subsequent expansion and improvement of
service,

PILOT DIAL-A-RIDE

The AATA wanted to go beyond providing bare bones
transportation. In April 1971, the AATA adopted a far-
reaching statement of goals and objectives that called for

1. A diversified, coordinated public transportation
system for the urbanized area that permits any individual
to make any desired trip quickly, safely, conveniently,
and economically and

2. A public transportation system of a size and in-
fluence to reduce the automobile population of Ann Arbor
to one car per family and to maintain that level.

To meet these goals, service improvements were
mandatory, In September 1971, the dial-a-ride pilot
program was launched with a demonstration grant of



$56 000 from the Michigan Bureau of Transportation,
technical services and a vehicle donated by the Ford
Motor Company, and a special appropriation of $10 000
from the Ann Arbor City Council.

The objective was to field-test door-to~door public
transportation, measuring both public response and op-
erating feasibility, and to determine whether such
demand-responsive service could help the AATA fulfill
its stated goals. The program was small; it involved
only three vehicles and served approximately 15 percent
of the city's population. The one-year test period pro-
duced several important findings.

1. The total number of transit trips from the target
neighborhood was more than double the previous line-
haul bus ridership in the same area.

2. Dial-a-ride lured many passengers from their
automobiles. According to surveys in January and June
1972, 50 percent of the users had been automobile driv-
ers or passengers before dial-a-ride became available,

3. Dial-a-ride reached many people who did not use
public transit regularly. In a typical month, approxi-
mately 70 percent of those who traveled on the test sys-
tem rode less than once a week. Surveys verified that
this was not due to dissatisfaction with the service but
rather to the feeling that dial-a-ride was a backup or
auxiliary transportation system. This suggested that
occasional users might ride more regularly if door-to-
door public transportation became permanent.

4. The service delivered was excellent. The aver-
age waiting time (telephone call to doorstep pickup) was
10 min and the average riding time (pickup to drop-off)
was 13 min. All four surveys conducted during the proj-
ect indicated that the public in the test service area was
pleased with dial-a-ride. A home interview survey also
showed widespread citizen support for expansion of the
system, which would require a tax increase.

5. Dial-a-ride proved operationally feasible under
Ann Arbor's conditions but relatively more costly than
traditional line-haul service. Direct operating costs
during the test year came to $1.74 per ride for the three-
vehicle system. The cost per ride for a larger system
could not be directly extrapolated from this figure, but
it was likely to be somewhat lower.

These test findings confirmed the AATA's initial hope
that the public would find dial-a-ride more attractive
than conventional service and would therefore encourage
use of public transit rather than automobile travel. The
cost findings indicated that a new source of funding would
be required if dial-a-ride service were to be made avail-
able to Ann Arbor's citizens citywide.

FROM PILOT TO COMMUNITY SERVICE

On the basis of the pilot program and the experiences of
other communities, the AATA established that any sig-
nificant switch from private automobiles to public transit
would require a system with doorstep pickup and drop-
off; an absolute minimum of transfer difficulty; telephone
requests for service, with little or no requirement for
public knowledge of schedules and route maps; fare at
present levels or lower; and ability to shift the type of
service according to the time of day and travel demand.

The final plan was developed in fall 1972, a combined
effort of the AATA board, its consultants, and other in-
terested citizens. Key decisions, such as levels of fares,
were the result of direct input from citizens' groups that
met to review and discuss the plans being prepared.

The system, which is largely based on the dial-a-
ride experience, consists of
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1. Neighborhood dial-a-ride services with doorstep
pickup and drop-off by telephone request that provide
point-to-point service within a given zone and also act
as feeders to express buses that connect major trip at-
tracters and other zones;

2. Express trunk-line services that connect major
shopping centers, employment areas, all senior high
schools, the University of Michigan, a community col~
lege, hospitals, and other major trip-generating points;

3. Coordinated no-wait transfers between neighbor-
hood dial-a-ride vehicles and express buses; and

4, Regular subscription service for daily work and
school trips, with doorstep pickup and drop-off at the
same time every day, serving locations that have ade-
quate demand to justify dedicating a bus to that run.

In early summer 1973, the AATA began to implement
the system in incremental phases. An entirely new or-
ganization was built. A full-time professional manage-
ment team was hired. The number of drivers and dis-
patchers increased from 25 to 125, the maintenance
staff increased from 3 to 15, and the bus fleet grew
from 21 to 78 vehicles.

As new services were implemented, ridership in fiscal
year 1974-75 continued to grow at a rapid rate. Ona
typical day the AATA services transported more than
7000 passengers—4000 passengers on regular line-haul
and express routes, 1500 passengers on school subscrip-
tion service, 1300 passengers on daytime dial-a-ride,
500 passengers on citywide evening dial-a-ride, and 25
passengers on the service for the handicapped. This
represents a level of more than 1.5 million passengers
a year, up approximately 50 percent from the previous
year and nearly three times the ridership in fiscal year
1971-72 (582 240). The projected ridership for fiscal
year 1975-76 is 2 100 000. When the system was being
planned in January 1973, the projected ridership for the
first full year of operation under the new system was
1 300 000. That estimate was conservative and was
easily surpassed while we were still phasing in the day-
time demand-responsive service,

CAPITAL PROGRAMS

The AATA has been extremely successful during fiscal
year 1974-75 in multiplying local dollars with state and
federal grants for the purchase of capital equipment.
With $288 060 raised locally, AATA attracted $807 645
from the state of Michigan and $3 606 576 from the U.S.
Department of Transportation.

These allocations cover the transit fleet, buildings,
automated coin-handling systems, maintenance items,
and construction. Among the new hardware items are

1. A 46 700-m® (52 600-ft®) building for administra-
tion and vehicle services located between heavy transit
points in downtown Ann Arbor and Ypsilanti (cost: $1.3
million, equipment included);

2. Nine $8000 transfer-point shelters for passengers
moving between dial-a-ride and fixed-route vehicles;

3. Three-channel communications gear that provides
for all dial-a-ride vans automatic readout of passenger
addresses, voice verification facilities, and silent-alarm
devices, all coordinated by a new dispatching center
(cost: $497 900); and

4, Eighty-three new automatic fare boxes to mesh
with a vacuum-operated coin-handling system. The
combination virtually eliminates security problems be-
tween the time a passenger puts his fare in the box and
its ultimate delivery to the contracting commercial bank.

The armored strongbox feeds automatically into a massive
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vault at AATA headquarters. Special equipment then
takes the unopened box to the bank (cost of the system:
$249 500).

RELATIONS BETWEEN AATA AND
CITY GOVERNMENT

Because financial resources derived both from the spe-
cial 2.5-mill transportation levy and from governmental
funding sources outside the city permitted expansion of
the AATA, complex and unique questions emerged con-
cerning the relationship between AATA and the city. The
fundamental issue was AATA's independence.

AATA has a number of the characteristics of an in-
dependent agency. Under the state enabling legislation,
the AATA exercises full corporate powers as well as
certain rights of eminent domain and bonding. Moreover,
AATA has a financial base derived from the 2.5-mill
property tax and is the designated agency for receiving
state and federal financial assistance, both for capital
programs and for operations. On the other hand, the
mayor and City Council have power of appointment and
removal over members of the AATA's board, and the
transportation millage is collected by the city rather
than by AATA.

After several months of discussions and negotiations,
an agreement was ratified by the City Council and
AATA's board that defined in detail the relationship be-
tween the two entities. The city recognized AATA as
the operating agency to provide mass transportation
service to the public and designated AATA as the con-
tracting agency for the use of the 2.5-mill tax levy des-
ignated by the charter for transportation purposes. The
AATA agreed to pay the city 1 percent of the annual
transportation millage in recognition of provision by the
city of certain essential services, such as tax assess-
ment and collection, review of public transit plans, and
the processing of AATA materials for review by the City
Council. The AATA and the city further agreed to de-
termine annually whether any additional city services
will be provided to and paid for by AATA. The AATA
agreed that its budget will be submitted to the City
Council each year for recommendations and comments
and that the council will be informed when major AATA
policy decisions are to be reached so that it can provide
advice.

The following paragraph of the agreement character-
izes the manner in which the two agencies exnect tn re-
solve any further questions that may arise:

Both the City and the AATA recognize and covenant their obligation as
public bodies to exist harmoniously for the public good. Disputes or
conflicting interpretations of this agreement are to be resolved amicably
to the extent possible through discussions and negotiations by the two
bodies with efficient and equitable service to the public being the upper-
most objective of both.

The AATA is deeply concerned with long-range trans-
portation planning for the entire urban area beyond the
16.1-km (10-mile) service radius that we are empowered
to serve. Our current activities in planning include

1. Membership and active participation at all levels
in the Ann Arbor-Ypsilanti Urban Area Transportation
Study Committee (UATS), a regional entity charged with
coordinating transportation planning in the area;

2. Participation in UATS's long-range regional trans-
portation planning effort to determine how public transit
fits into the region's overall development plans;

3. Participation in the comprehensive traffic study
for Ann Arbor's central area;

4. Representation on the Transportation Task Force
of the Southeast Michigan Council of Governments;

5. Participation in the study program now being con-
ducted by the Southeastern Michigan Transportation Au-
thority for rail service between Ann Arbor and Detroit;
and

6. Representation on the Transportation Research
Board.

The AATA staff recently completed a fiscal year
1976-77 plan for submission to the Michigan State De-
partment of Highways and Transportation, and longer
range (5-year) capital program development plans are
being finalized. This work is funded by a $25 000 plan-
ning grant through the Urban Mass Transportation Ad-
ministration.

It is only proper that such an extensive effort at plan-
ning is underway at AATA. Our belief is that public
transit can help shape our future in significant ways if
we wish it to. One of the most basic elements of the
AATA system is its flexibility and consequent capacity
to learn how to improve from previous performance.

AATA's learning should improve significantly under
the terms of a new $100 000 federal-local program to
monitor transit attitudes and behavior of households in
the ridership areas. This survey will cover people who
do not become customers, as well as those who do. It
is hoped that this one-year renewable exercise will be-
come an integral part of the system's development through
building on its experience.

Ultimately, what is learned may have some surprising
effects. Since AATA will be using dial-a-ride ridership
data to chart new fixed routes (which, under heavy use,
are more cost effective), there may be a partial de-
emphasis of door-to-door dial-a-ride service in some
areas. As dial-a-ride and the new survey point out more
fixed-route bus runs, the number of dial-a-ride vans will
probably remain constant, instead of growing, with their
services being diverted to more specialized uses.

CUSTOMER RELATIONS

As a public entity, AATA must depend for support on its
ridership constituency. The latest sampling reveals
that, while there are some problems of the sort that can
be expected in a highly innovative system, the majority
of present users are satisfied with their service, and an
encouraging growth potential seems to be built into the
exercise.

Tn general; it has heen estahlicshed that AATA gerviceg
reach all citizen groups in Ann Arbor—young, old, auto-
mobile owners and drivers, and those who do not own or
drive an automobile. The most serious bias in our rider-
ship is that, while the general population is about evenly
divided between females and males, our user population
is approximately 60 percent female (the proportion of
females is typically even higher in other cities).

AATA riders usually make the same kind of trips that
automobile users do. We provide for much more than
just work and school trips. We find that dial-a-ride—in-
cluding evening and weekend service—serves proportion-
ately more shopping, personal business, and social or
recreational trips than does line-haul bus service. For
all AATA services, traveling to or from work is still
the most important trip purpose—38 percent for line-haul
bus and 30 percent for dial-a-ride (school trips account
for approximately 15 percent, not including school sub-
scription service; university or college, 13 percent;
shopping, 12 percent; personal business, 12 percent;
social-recreational, 9 percent; and other, 4 percent.

Most of our riders are regular customers who ride
by choice or for convenience; more than half ride at
least once a day. However, it is also significant that on
a typical day approximately 7 percent of the riders on all



our services are riding for the first time. This indicates
a good growth potential and the need for a comprehensive
ongoing information program.

Overall, 76 percent of our riders seem to be satisfied
with AATA service; the remainder of our customers have
specific complaints. The most common specific com-
plaints (30 percent) have to do with time-related varia-
tions and irregularities in service; these variations have
been the target of a major quality-control program. The
customer criticism that dial-a-ride telephones are too
busy (about 8 percent of our dial-a-ride gripes had to do
with telephones) has been largely addressed by the pur-
chase of automatic telephone-answering equipment. An
important finding is that riders feel safe aboard AATA
vehicles and have little difficulty with each other or with
AATA personnel.

Recently the Ann Arbor Planning Department com-
missioned a survey of the attitudes of a sample of the
city's registered voters toward community services and
issues. AATA's ratings proved highly satisfying. Sixty
percent of those asked said that AATA's service had
improved significantly in the preceding year. Even more
encouraging—and basic—was the finding regarding the
public's willingness to continue the experiment. The
survey indicated that fully 80 percent would continue to
support the special tax levy that makes the system pos-
sible. Since that is a considerably higher proportion
than approved the original levy, it is a good harbinger
for the future of the system.
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Demand-Responsive
Transportation in Ann

Arbor:

Operation

Karl W. Guenther, Ann Arbor Transportation Authority

Ann Arbor, Michigan, has had a dial-a-ride service operating since 1971.
Since passage of a special property tax for transit in 1973, dial-a-ride has
expanded its role and ridership. It is now totally integrated with line-haul
bus service within the Ann Arbor Transportation Authority’s operation.
Weekday service provides for coordinated transfers between dial-a-ride
collector-distributor vehicles and line-haul buses at several points within
the system. Dial-a-ride has helped the Ann Arbor Transportation Author-
ity secure a dramatic increase in ridership over the past two years. The
transit system is operating within budget. Staged incremental implemen-
tation has allowed the introduction of dial-a-ride with a relatively high de-
gree of reliability and minimal disruption. A great deal of operational fine
tuning has been done within each small implementation. Satisfactory re-
sults are being obtained with dial-a-ride vans and with a semiautomated
computer-assisted dispatching system. Cost and productivity data are
provided.

The dial-a-ride program in Ann Arbor, Michigan, has
once again become a subject of interest in North Amer-
ica. This interest appears to be based on Ann Arbor's
success when contrasted with the highly publicized sys-
tems in Haddonfield, New Jersey, and Santa Clara,
California, which are believed to have failed. One con-
cludes that success is defined as ongoing operation and
failure as shutdown. The Transportation Research
Board, the Urban Mass Transportation Administration
(UMTA), the Canada Transportation Development Agency,
and many local agencies are now interested in an evalu-
ation of the Ann Arbor system. In this paper, the basic
elements of Ann Arbor's dial-a-ride service, its present
role in a community public transportation system, and
its probable future are presented in digest form.

Those responsible for public transit at a local level
would probably judge Ann Arbor's dial-a-ride program
a mixed success at best at the present time. Ridership
has grown rapidly, indicating good public acceptance on
the whole. The system (Ann Arbor's total public transit
system) has run on budget; so far there are no serious
cost overruns on financial crises. The physical system
of vehicles and dispatching equipment is falling nicely
into place. And there is certainly no immediate prospect
of discontinuing dial-a-ride in Ann Arbor.

But dial-a-ride is definitely not universally accepted
as successful on the local front. Uncertainty about ve-
hicle arrival time, telephone problems, and circuitous
routings are cited as unacceptable trade-offs for the door-
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to-door convenience of dial-a-ride. For a few citizens,
dial-a-ride results in longer travel time for certain
trips than the old line-haul bus system. Fiscal conser-
vatives continue to categorize dial-a-ride as an expensive
luxury and maintain that regular line-haul bus service
could serve the public more efficiently. Pressures for
more street maintenance funds could reduce the system's
financial support in the future, particularly if the con-
servative point of view prevails.

In light of this mixed success, I will now summarize
the present status of dial-a-ride service in Ann Arbor.
I do not suggest that other communities should imitate
Ann Arbor. Information is presented here without judg-
ment, so that the individual reader can determine the
applicability of this experience.

BACKGROUND

The Ann Arbor Transportation Authority (AATA) was
formed as a public authority in 1968, when private car-
riers became unable ta nrovide the community with ac-
ceptable transit service. Its service area includes the
City of Ann Arbor, the urbanized area of Washtenaw
County, including Ypsilanti, and the rural areas 16 km
(10 miles) beyond the Ann Arbor city limits in all di-
rections.

The transit service as it operated from 1969 to 1973
consisted of six fixed routes, radiating from the Ann
Arbor central business district (CBD) using headways
of 30 min in peak hours and 60 min in off-peak hours.
Coverage was limited to the City of Ann Arbor only, with
weekday-only operation from 6:30 a.m. to 6:15 p.m. An-
nual operating budgets during these years were typically
$400 000 to $500 000 with half of the budget derived from
fares and half from the city's general fund on the basis
of an annual appropriation.

In September 1971, a small dial-a-ride pilot program
was undertaken with state and local funds to demonstrate
the applicability of demand-responsive service in Ann
Arbor. The program was successful in increasing tran-
sit use and switching some travelers from private cars
to transit. The demonstration program cost of $1.74
per ride (exclusive of capital) highlighted the fact that a
greatly expanded funding source would be required to



undertake additions to the dial-a-ride system.

In April 1973, Ann Arbor voters (city only) approved
a 2.5-mill property tax earmarked for public transit.
The margin of passage was approximately 61 percent.
The tax raises approximately $1.6 million annually; this
is used for the local operating budget. Citizens' groups
were extremely active in the campaign on the millage
issue; no professional public relations firm was used.

The system described to the citizens in the 1973
election campaign consisted of dial-a-ride service in
neighborhood zones coordinated with fixed-route service
on major arterial routes. That basic plan has been fol-
lowed in implementing the present system.

Since 1973, the AATA has hired a new management
team, expanded from 30 to 150 employees, added 80 new
vehicles to the existing fleet of 20, and embarked upon a
substantial facility construction program. Ridership has
grown from 677 000 in the fiscal year 1972-73 (just be-
fore the election) to 1 613 700 in fiscal year 1974-75.

DESCRIPTION OF PRESENT SERVICE

The basic format of the Ann Arbor system is a coordi-
nated combination of dial-a-ride and line-haul bus ser-
vice. The weekday operating system can best be de-
scribed as a large circle, or main-gear line-haul route,
with satellite-gear dial-a-ride operations restricted to
specific zones and coordinated with the line-haul route
schedule. Dial-a-ride buses meet every line-haul bus
arrival at every transfer point.

Dial-a-ride zones are operated with one, two, or
three vehicles on a fixed schedule dictated by the need
to meet the line-haul bus at a transfer point. There are
currently seven such weekday dial-a-ride zones feeding
this loop route. The loop buses operate in both direc-
tions with headways of 15 min in peak hours and 30 min
in off-peak hours. CBD routing serves the retail sec-
tors, the University of Michigan main campus, and the
hospital area.

The present weekday system also includes radial
routes in Ann Arbor, each slightly different in nature.
All operate at 15-min peak-hour headways and 30-min
off-peak headways. All serve the CBD activities men-
tioned above. The Miller/Huron route is a combination
of local stops and an express line with two dial-a-ride
zones feeding a transfer point at its extremity. The
Packard route has local stops only, serving an area that
has traditionally generated high ridership to and from
the main campus of the university. Dial-a-ride service
overlaps with line-haul route coverage in this area, but
there are no coordinated transfers between dial-a-ride
and the line-haul buses.

The Washtenaw route is a radial route connecting the
Ann Arbor and Ypsilanti CBDs in the city's most intensely
developed corridor. Some local service is provided, and
there are two dial-a-ride feeder points along this route.
The University of Michigan operates a free shuttle ser-
vice from its north campus to its main campus, provid-
ing a fourth radial route. This is in fact Ann Arbor's
most heavily used transit corridor by virtue of the cap-
tive demand. AATA service interfaces with the univer-
sity's service at a principal main campus bus stop.

With the radial routes, some dial-a-~ride zones ac-
tually feed two transfer points, making the weekday sys-
tem more complex. There are nine outlying zones.
Each zone's boundaries and connection patterns are
based on local trip generators (schools, shopping cen-
ters) and geographic constraints., For neighborhoods
close to the CBD there is dial-a-ride service directly
to the major generators in the Ann Arbor CBD, includ-
ing retail stores, the main campus of the university,
and the large medical complex. These same generators
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are served by the downtown routing of all line-haul buses.
There are currently three such '"close-in'"' zones, with
one area remaining to be implemented. Thus the total
number of weekday dial-a-ride zones is 13: 7 on the
loop route, 2 on radial routes, and 4 close in.

The resulting weekday system provides doorstep
pickup by dial-a-ride, connections to line-haul buses
serving all parts of the community and major trip gen-
erators, and doorstep drop-off into neighborhood areas
after a transfer is made from the line-haul bus at a
transfer point. It is thus possible with this system to
reach any point inside the city limits. While full access
and complete connectivity are major steps forward in
community public transit that are not provided by most
fixed-route systems, there are drawbacks. Travel time
for some trips can be four or five times the direct au-
tomobile driving time., Thus, transit is still not time-
competitive for certain crosstown (or many-to-many)
trips. In addition, the system is not transparent enough
to some citizens, particularly people who value certainty
in all aspects of routing and scheduling. The combination
of riding two types of buses and transferring, even with
coordinated transfers, is too confusing.

The first of these objections can be overcome by in-
creasing service—adding more line-haul routes or adding
a many-to-many dial-a-ride capability. Neither appears
to be within our financial reach at this time. The second
can be addressed by a well-designed information program,
which is now being undertaken. With the passage of time,
as both the operators and users gain experience, the sys-
tem should become more acceptable to all elements of
the community.

Weekday evenings after 5:45p.m., most line-haul route
operations cease. The city is then covered by citywide
dial-a-ride service dispatched through seven radial
zones, all converging on the CBD. Crosstown trips are
served by a single transfer at the CBD. Tours are 1 h
each, with two or more vehicles per zone and effective
mean headways of 30 min in each zone and doorstep
pickup and drop-off. Calls are accepted until 11:00 p.m.;
the last trips are dispatched at midnight,

Weekend service is also provided by citywide dial-a-
ride, with Saturday line-haul bus service connecting the
CBD with two major shopping centers on the edge of town.
Hours are 8:00 a.m. to 6:00 p.m.

The Ann Arbor system also includes specialized ser-
vice to handicapped persons that uses wheelchair-lift-
equipped vans. These are dispatched as citywide many-
to-many dial-a-ride vehicles. The AATA is currently
receiving demonstration funds from the Michigan State
Department of Highways and Transportation to provide
a rural dial-a-ride service for elderly or handicapped
citizens and to build and operate a CBD shuttle system.

The Ypsilanti urbanized area is provided with fixed-
route service on five routes that radiate from the Yp-
silanti CBD and a connection to Ann Arbor via the Wash-
tenaw route. These services operate Monday to Friday
only, with 30-min peak-~hour headways and 60-min off~-
peak headways. There is no dial-a-ride in Ypsilanti.

The AATA also operates subscription bus service
within the city limits of Ann Arbor for groups of 20 or
more persons traveling in the same direction at the same
time. To date, this has been primarily a school-related
service. The AATA has always included plans for home-
to-work subscription service but has not had the re-
sources available to implement that service so far.

Fares on all AATA services are basically 25 cents.
All transfers are free. Individual unlimited-use monthly
passes are sold for $10; household passes are sold
for $15. All elderly and self-certified low-income
persons qualify for half fare, which is administered by
selling 10 tokens for $1.25 and passes as described



22

above for $5 or $7.50 per month.
IMPLEMENTATION STRATEGY

Unlike some of the more dramatic systems, the AATA
has implemented its services slowly. Each new dial-a-
ride zone has been phased in according to a plan adopted
in 1973. While the coverage has been only slightly mod-
ified, the dates have been continually pushed back so that
the full plan described at the time of the April 1973 elec-
tion was not in place until almost three years later. Fol-
lowing is a brief rundown on service changes since the
vote on the millage issue passed, starting with the sys-
tem as it was in spring 1973, i.e., six line-haul routes
and one pilot dial-a-ride zone.

July 1973
Decrease in fares to 25-cent flat rate (from 35 cents
on line-haul bus and 60 cents on dial-a-ride).

September 1973
Expansion of school subscription service.

October 1973
Withdrawal of fixed route in original dial-a-ride area
and institution of a new fixed route to the Briarwood
shopping center (this eventually became part of the
loop routes).

November 1973
Launching of citywide dial-a-ride for handicapped
persons.

December 1973
Launching of citywide evening and weekend dial-a-
ride service.

March 1974
Beginning of fixed-route service in Ypsilanti (not part
of the plan funded by the Ann Arbor property tax).

January 1975 :
Beginning of Northside weekday dial-a-ride zone (two
vehicles).

March 1975
Withdrawal of Northside local line-haul bus, exten-
sion of the loop route to Plymouth Mall, and institu-
tion of Northside coordinated transfer service and
the original southwest dial-a-ride sectors.

June-July 1975
Phasing in of southeast dial-a-ride in four incre-
mental zones (eight vehicles) over a 6-week period,
revision of the Washtenaw route to avoid duplication,
and completion of the express loop route.

August 1975
Addition of Plymouth (far-northeast) dial-a-ride zone
(three vehicles) and withdrawal of local line-haul bus.

September 1975
Addition of 15-min service on Packard and Wash-
tenaw and a fifth local route in Ypsilanti.

November 1975
Addition of far-northwest dial-a-ride zones (three
vehicles) and increase in the frequency on the Miller/
Huron route to 15 min during peak hours.

January 1976
Addition of near-northwest dial-a-ride zones (six ve-
hicles in two stages).

March 1976
Completion of the weekday dial-a-ride with addition
of the near-southeast zone (three vehicles).

The reason for such painstakingly slow implementa-
tion was to permit us to fine tune, correct, and modify
each area before proceeding to the next. New staff
members can only be hired and trained at the rate of
three to four persons per week. Equipment deliveries
(vehicles, radios, and telephones) have often governed
implementation dates, particularly the long delays be-

tween March 1974 and January 1975. Even at this slow
rate, there is criticism from within the organization
that we are often not polished enough before proceeding
to a new area. The operating staff and the union are
usually interested in delaying each step in implementa-
tion as long as possible in the interest of quality con-
trol. Thus, the management of change and rapid ex-
pansion emerges as a major area of concern,

The disadvantages of staged implementation in-
clude inequitable service delivery: All citizens pay
taxes from the outset but do not receive service at the
same time. Another is the loss of enthusiasm and
momentum from the high point of the April 1973 victory
to the reality of delays. However, all things considered,
it can be argued that the benefits of staged implementa-
tion have outweighed the costs. Certainly Ann Arbor's
services, while not perfect, are operating at a better
level of quality than some in other areas that had more
dramatic all-at-once implementations.

OPERATING DATA

Ridership on the AATA system has grown as follows:

Year Passengers Year Passengers
1971-1972 582 240 1974-1975 1613700
1972-1973 677 500 1975-1976 2100 000
1973-1974 1 100 000

A typical passenger count by category for fall 1975
follows:

Originating Fare Service Passengers
Ann Arbor lines 4300
Ypsilanti lines 800
Ann Arbor dial-a-ride 1700
School subscription 400
Total 7200

There is a problem with an integrated system in ap-
portioning ridership to line-haul or dial-a-ride, since
many trips use both services. At the present time we
do not count transfers and we count fares on the orig-
inating service. Thus, a trip with dial-a-ride pickup
and transfer to an express bus is counted as a dial-a-
ride trip, and a trip started on a line-haul bus with a
transier to diai-a-ride is counted as a line-haul bus irip.
Approximate dial-a-ride volume at the present time
(October 1975) is 8000 daily trips with 1700 booked
through dispatch and the remainder as walk-ons or trans-
fers from line-haul buses. The current modal split for
AATA in Ann Arbor (city only) is approximately 2.5 per-
cent of 24-h weekday trips.

On-board surveys conducted in February 1975, show
that ridership on dial-a-ride approximated the community's
age profile and had the following other characteristics:

Item Percent
Regular riders {twice a week or more) 46
Riders by choice (have option for trip made) 50
Sex

Female 64

Male 36
Trip purpose (typical weekday)

Work 29

School (including university) 18

Shopping 24

Personal business 13

Social-recreational 1

Other 5
Dial-a-ride eliminated need for automobile trip

(either driving or riding) 60



The AATA has not been able to measure the relia-
bility of the overall system in any meaningful way. Field
checks at transfer points show that more than 90 percent
of the scheduled coordinated meetings are achieved ac-
cording to timetable and more than 95 percent are ac-
complished by delaying vehicles through the use of two-
way radios. Recent dial-a-ride dispatching accuracy is
estimated at 98 percent; that is, fewer than 3 percent of
the called-in orders fail to get dispatched properly.

However, these statistics are very crude and are not
derived from a large sample base. There also remains
a level of customer expectation that is difficult, if not
impossible, to achieve with the dial-a-ride element of
our service. People will accept 2 missed line~haul bus
but not a missed dial-a-ride. The personal element in
placing an order implies a contract that is broken if the
dial-a~ride van fails to pick the customer up at the
promised time. Our evidence suggests that, while fewer
than 5 percent of the patrons missed by a line-haul bus
will call or write in a complaint, more than 50 percent
of the dial-a-ride patrons will. Thus, the achievement
of high operating reliability becomes extremely impor-
tant with dial-a-ride, and we are continually placing a
great deal of emphasis on quality control in our manage-
ment system. This places extra responsibility on driv-
ers, dispatchers, and first-line supervisors.

For fiscal 1974-75 the AATA services operated at the
following average productivity:

Passengers per

Service Vehicle-h
Ann Arbor
Line-haul service 25.6
Daytime dial-a-ride service 9.5
Weeknight dial-a-ride 5.9
Saturday dial-a-ride 6.7
Sunday dial-a-ride 7.5
Ypsilanti line-haul service 5.5

FINANCIAL DATA

The total activity and budget levels for fiscal years 1973~
74, 1974-75, and 1975-76 are shown in Table 1.

The projected operating income for fiscal year 1975-
76 is as follows:

Source Amount ($) Percentage
Millage (city property tax) 1 660 000 47.2
Purchase of service agreements 69 000 2.0
Fare-box revenue 525 000 15.0
Cash surplus, interest, and

miscellaneous income 199 000 5.7
State operating assistance 436 444 12.4
Federal operating assistance 438 424 12,5
Demonstration and other grants 184 000 5.2
Total 3511 868

The projected operating expenses for fiscal year
1975-76, including projected demonstration services,
are as follows:

Item Amount ($)

Percentage

Operation, wages, and fringe
benefits for drivers, dispatchers,
and supervisors

Equipment, including wages and
fringe benefits for service
employees, mechanics, and -
supervisors

Vehicle operations (fuel, parts,
supplies)

2135216 60.8

407 377 11.6

460 055 13.1
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Item Amount ($) Percentage
Management and administration,

including wages and fringe

benefits 217 736 6.2
Consulting and planning {not staff) 10 536 0.3
Services, supplies, overhead 280 948 8.0
Total 3511 868

Since passage of the property tax in April 1973, the
AATA has been very successful in obtaining federal and
state capital grants (in proportions of approximately 4
to 1 respectively). Without this support, the AATA could
not be undertaking its present program. Less than
$500 000 in local funds has been expended on capital
improvements since 1973. The state and federal grants
received total approximately $5 153 000. Not all equip-
ment has been delivered and installed at the time of this
writing, nor is the total construction program complete.

Items purchased on grants from UMTA and the Mich-
igan State Department of Highways and Transportation
include 14 new transit coaches, 5 used transit coaches
(100 percent state funding), 48 dial-a-ride vans, and 12
dial-a-ride vans with wheelchair lift (seven with 100 per-
cent state funding); fare collection and processing equip-
ment for 94 vehicles; communications and dispatching
equipment; land, garage, offices, and design and con-
struction of new storage and repair facilities; shop tools
and equipment; and service vehicles.

HARDWARE

The 110 vehicles (including those on order) in the AATA
system include several sizes and types.

In Use

Vehicle Type Capacity Number Now
Dial-a-ride van 12 to 14 64 36

With wheelchair lift 12
9-m (30-ft) transit

coach 28 to 33 12
10.5-m (35-ft) transit

coach 40 to 45 20 17
12-m (40-ft) transit

coach 53 3
Conventional school 42 to 66 "1

bus {children)

The AATA has decided to standardize on two sizes of
vehicles in future purchases: 12- to 14-passenger vans
for dial-a-ride work, and 10.5-m (85-ft) 40-passenger
transit coaches for line-haul and subscription work. As
older equipment is replaced, the fleet makeup will re-
flect this standardization.

A review of other demand-responsive transportation
systems suggests that operators have not been totally
satisfied with the vehicles used. Ann Arbor has been
successtul in developing a procurement procedure and
maintenance program that makes our dial-a-ride ve-
hicles reliable in operation, comfortable and safe for
passengers, and low in maintenance costs.

Ann Arbor has operated vans in dial-a-ride service
since 1971. The oldest units (1969 model year) accumu-
lated close to 320 000 km (200 000 miles) before retire-
ment. The vans in the present fleet date from 1973 to
1975. They are top-line compact vans, with a high-
quality conversion that provides higher roof placement
for adult standing headroom, a driver-operated passen-
ger door with a very low step, and a high-quality interior
trim and seating arrangement. The base van is the heav-
iest available with all possible options to make the van
better suited to stop-start duty cycles (highest capacity
suspension, over-sized cooling capacity, and largest
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brakes). The conversion itself strengthens the base
structure of the vehicle.

The first step in achieving the objectives of reliable,
safe, and economical vehicles is writing the proper
specifications. The current AATA specification is an
extremely detailed, precise document that has been de-
veloped through four procurement cycles. Each time
the AATA issues a vehicle specification, it is a reflec-
tion of the operating experience with past vehicles and
with the bids received in the past cycle. All recent
AATA vehicle procurements have been with UMTA cap-
ital grant and state grant funding, which requires ap-
proval of the specification by UMTA and competitive
bidding. On the average, three bids have been received.
When the low bidder has been nonresponsive, UMTA has
concurred in the AATA's decision to award the contract
to a higher bidder.

Once a vehicle is delivered, routine maintenance and
servicing become the important determinants in relia-
bility, safety, comfort, and operating economy. The
AATA's maintenance operation is geared to provide high
operating availability and low cost per kilometer or per
operating hour. Little emphasis is placed on the life of
components per se, since the important thing is to an-
ticipate problems and replace or repair components at
the lowest cost and down time.

It is necessary to recognize at the outset that the
philosophy of van maintenance is vastly different from
that found in most transit organizations. One must
overcome the natural resistance to automobile-quality
components and frequent minor repairs. If a good pre-
ventive maintenance check can be developed, and if the
maintenance employees can be motivated to perform
minor repairs and adjustments at that time, good in-
service reliability can be achieved. Proof of the value
of this approach is found in the statistics on comparative
operating costs produced by our computerized fleet-
analysis program and shown in Table 2.

Table 1. Activity and budget levels.

Fiscal Year

Contrary to conventional wisdom, the Ann Arbor ex-
perience suggests that vans are more economical to op-
erate than regular diesel coaches and are no more prone
to repairs or heavy investment of maintenance time.
However, these results cannot be achieved by purchasing
any random vehicle on a low first-cost basis or by trying
to add a few small vehicles to a predominantly transit-
coach-oriented maintenance program.

The dial-a-~ride dispatching system is based on the
zone structure and tour timetable described earlier. Any
incoming request for service can be filed according to a
zone name and tour time. The orders so filed constitute
a tour roster that can then be dispatched to the vehicle.
The electronic hardware employed to assist dispatchers
with taking orders, filing, and organizing the communi-
cations to the vehicles consists of a processor, storage,
peripheral equipment, and the interface units connected
to the radio channels. The processor is a 16-bit word-
length minicomputer with 48K work-core storage and 1~
million-word disc-eartridge backup storage. Cathode
ray tube (CRT) terminals with keyboards provide the
means of local input of information to the system, and
local printers provide various hard-copy logs of the daily
transactions handled by the system.

The basic functions of the system are the automatic
assistance in order taking and the associated dispatcher
functions. In addition, there is provision for supervisory
facilities with respect to start-up, organization, and off-
line procedures. Order takers use the CRT terminals
to write either regular (immediate) orders, advance
orders (later pickup), or standing orders (regular pickup
on a repetitive basis) . Dispatchers can perform all
order-taking functions, as well as editing, sequencing,
organizing, and dispatching tours. This includes the
ability to move an order to another tour and to delete
orders. A master tour display is used to check rosters
of tours that remain to be dispatched. The dispatching
CRT terminals also display digital status messages sent
from vehicles. The supervisory console can perform
all of the above functions, as well as check system status,
reassign buses to tours, and amend the master tour files.

The radio system uses two-way base and mobile radio
equipment operating on three channels in the ultra high
frequency spectrum. This system includes mobile fixed-

- a - a - b N » . . :
ltem - 1913-187¢ 10018757 1970-1970 message reporting equipment, mobile selective calling,
Total operating cost, $ 1232746 2157000 3 511 868 and mobile data display equipment, as well as two-way
gﬁgf;"r"s‘; Evemues, o @ S gen R voice equipment. This combination in each vehicle per-
Cost per pacsenger, % 1,12 1.94 1.87 mits infarmation to be entered directly from the buses
Sostpee kifngierrv.icts _—_ 1.00 063 0:83 into the central system, identifying vehicles and dis-

1 shl] . n .

destnateation programs 1100000 1614000 2 100 000 playing their status on the CRT for the dispatcher's at-
Elometers e, il ety 120 60 30%1(2]0%00 i tention. In the other direction, address lists (tours) are
opse s = Py e transmitted under computer control and displayed in the
Total staff 100 137.5 235.5 buses on the light emission diode display for the driver's

Drivers* 59 82 150 attention

Dispatchers* 6 18 30 5

Bus counselors 12 14 13

Maintenance 10 18 25

Administration/management’ 13 15.56 175 THE FUTURE
N:“’: ‘I km:“’““l _— Dial-a-ride service has a definite ongoing role in the
2 Actual ¢ Estimated. . .
b projected dStated in numbers of full-time equivalent employees. AATA program, Our 1990 plan, ]ust completed this

ear, calls for an extension of the coordinated dial-a-
b
Table 2. Comparison of operating costs.
Costs ($/km)
Fuel
Operating Fuel and Maintenance Avg km/ Repairs/ Mechanic h/ Consumption

Type of Vehicle Number  Time (mo) 0il and Repair Total Vehicle Vehicle Vehicle/yr (km/liter)
1973 van 4 12 0.0760 0.0823 0,1583 121 000 74 780 3.1
1974 van 10 10 0.0763 0.0283 0.1046 56000 38 660 3.0
1970 45-passenger coach 4 12 0.1245 0.2227 0.3462 225000 84 934 1.9
1975 45-passenger coach 11 6 0.1293 0.1307 0.2600 1.8

32 000 30 798

Note: 1 km = 0.6 mile; 1 km/liter = 2.4 miles/gal.




ride/line-haul bus concept to all parts of the urbanized
area. This will of course require additional sources of
local funding, either similar to the City of Ann Arbor
property tax or a regional replacement of that tax. There
is a feeling among those responsible for formulating the
1990 plan, including elected officials, that the doorstep
service provided by dial-a-ride is an important part of
an increasing emphasis on public transit (and away from
private vehicles). There is also a role envisioned for
dial-a-ride in providing rural transportation for people
with limited mobility in AATA's service area.

However, in the matter of relative emphasis, Ann
Arbor follows quite closely the thesis presented by Ward
1). If dial-a-ride is successful in increasing the level
of demand, new fixed-route services will be justified
and the relative importance of dial-a-ride, in terms of
number of riders and number of dollars allocated, will
decrease in comparison with line-haul service. There
are now plans for adding fixed-route service in estab-
lished dial-a-ride areas during 1976-77, as well as to
add five major new regional fixed routes over the next
five years.

For the short term, the emphasis in expansion will
be on fixed-route services, with dial-a-ride expansion
depending very much on the commitment of additional
local funds by other government units (or their citizens)
than the City of Ann Arbor.

In keeping with current UMTA planning guidelines,
AATA is also emphasizing increases in capacity through
other means, such as bus-priority programs, that do not
require capital expenditures.

REFERENCE
1. J. Ward. An Approach to Region-Wide Urban Trans-

portation. U.S. Department of Transportation, Rept.
DOT-TST-75-108, July 1975.
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Dial-A-Ride in the Context
of Demand-Responsive
Transportation:

A Critical Appraisal

William F., Hoey, Wilbur Smith and Associates, New Haven, Conn.

Dial-a-ride service has become one of a number of possible demand-
responsive small-bus transportation systems. A comparison of several sys-
tems suggests that a well-marketed fixed-route bus system can be far more
cost effective than dial-a-ride in low-density areas. The concept of
demand-responsive public transportation should be broadened to include
well-planned fixed-route transit. Dial-a-ride appears to have greater value
for special-need groups {e.g., elderly, handicapped) and at times when
fixed-route transit would be uneconomical. Better integration with fixed-
route elements is essential.

Demand-responsive transportation began in the late
1960s as an early-action transit improvement that used
available technology. It was thought that transit access
time and operating costs could be reduced, particularly
in low-density residential areas, by substituting demand-
actuated vehicles for conventional vehicles on fixed
routes and fixed headways. Early studies suggested
that dial-a-ride could be efficiently substituted for any
bus service on which it was only economical to operate
at headways of more than 20 min (1, Vol. 1, pp. 60-

84, Vol, 3 pp, 84-143) Computer-aggisted on-ling
monitoring and dispatching were expected to minimize
waiting time and ensure efficient use of vehicles.

OPERATING EXPERIENCE

In operation, demand-responsive transit has compiled
an impressive record of public service and continued
growth. Pioneering successes in Ann Arbor, Michigan,
and Batavia, New York, were expanded and copied.
Canadian cities such as Regina, Saskatchewan, and Bay
Ridges, Ontario, found dial-a-ride to be more success-
ful than fixed-route buses.

These successes were achieved in communities that
were able to pay relatively high subsidy costs. (The
"profitable' Batavia B-Line was, until recently, cross-
subsidized by a school-bus contract.) Tables 1 and 2
compare seven typical dial-a-ride services. The most
cost effective of these require a subsidy of about $1.25
per passenger. Lower subsidies are reported for some
dial-a-ride operations in Michigan (6, 7), all of which
are small-scale operations with manual dispatching and
van-type vehicles.

Weekday ridership ranges from 1 to 3 percent of the
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population of the service area. Dial-a-ride service con-
ducted by large franchised transit operators has proved
extremely expensive because of long-established work
rules. The Haddonfield, New Jersey, demonstration
was costing $3.50 per passenger after two years of
operation by Transport of New Jersey (8). A dial-a-
ride bus service in Richmond, California (operated by
the well-managed Alameda-Contra Costa Transit Dis-
trict), required about $3.45 per ride in subsidy. The
Santa Clara County experimental dial-a-ride, now
abandoned, was costing $2.92 per passenger in sub-
sidies from the transit district. Free taxi service to
needy persons would be less costly to the publiec than
these high-cost operations.

Few dial-a-ride users have selected the service in
preference to a personal automobile. In Haddonfield,
rider surveys (9) found the following characteristics:

Characteristic Percent
No driving license 56
No personal automobile 68
No automobile available for trip 83
Age of passenger
65 or over 13
45 to 64 30
25 to 44 22
15 to 24 27
14 or under 9
Alternative travel mode
Drive automobile 11
Ride in automobile 15
Taxi 15
Bus (fixed-route) 20
Walk 10
Other 5
Would not make trip 12
Energy crisis {long lines at gas stations)
influenced trip 17

Senior citizens and handicapped people benefit from the
door-to-door feature of dial-a-ride. Members of one-
car families use the service when the family car is re-
quired for getting to work. Analysis of the early rider-
ship on the Haddonfield dial-a-ride established that
households with no automobile were the most likely
sources of riders. Haddonfield ridership increased



when a fixed-route shuttle service was inaugurated late
in 1973 and decreased when the shuttle was transferred
to operation by Transport of New Jersey to make more
buses available for the dial-a-ride operation.

The many-to-may dial-a-ride van is inherently a low-
occupancy vehicle. Of the systems cited in Table 1,
only the Batavia B-Line exceeds 10 passengers/h, and
that figure includes peak-hour subscription service.
The Haddonfield demonstration averaged 6.2 passengers/h
(6). However, peak-hour productivity was only about 8

Table 1. Comparison of general features of seven dial-a-ride systems.
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passengers/h. In contrast, the Westport Minnybus
fixed-route bus system, operating on 35-min headways
in a community with only 463 people/km* (1200 people/
mile®), averages 19 rides/bus-hour. In Haddonfield,
the fixed-route shuttle was the most productive element
in the dial-a-ride system. The many-to-many opera-
tion, even with fairly long runs, seems to preclude high
productivity.

One of the major problems with the Haddonfield and
Santa Clara dial-a-ride services was response time,

Average Weekday Rides

Vehicles
Gross _ Per Vehicle-Hour Per 100
Area Density Active Per Persons
System Population  (km?  (people/km®)  Type of Service (peak) Spare All Vehicle Base Peak Both Served
Ann Arbor initial (2) 6 500 3.6 1800 Many to few 3 0 214 70 — - 8 3.2
Batavia B-Line (2)” 18 000 14.1 1300 Many to many® 0 0 340 49 9 14 13 2.0
Dover Senior Surrey (2)° 27 000 54.0 500 Many to many 4 0 210 43 - — 7 12.4
Haddonfield dial-a-ride (3) 40 000 28.0 1400 Many to many® 18 1 925 51 52 6.0 5.4 2.3
La Habra dial-a-bus (2) 47 000 18.0 2600 Many to many 6 1 450 75 - — 5to 1.0
9
La Mirada dial-a-ride (4) 32 000 15.4 2100 Many to many 5 2 350 70 - - 6 1; 1
Westport Minnybus (5) — 27 000 56,5 500 Fixed route 8 1 2000 222 10to 20to 19 7.4
30 40

Nate: 1 km?® = 0,39 mile®.

#Subscription service in peak hours.

b Information derived in part from telephone conversation with Don Hodge, Assistant City Manager, Dover, Del., June 2, 1972, Only senior citizens (over age 65) can use the service, which covers the

city's corporate limits only; there are approximately 1700 eligible users
“Many-to-one service in peak hours,

Table 2. Comparison of financial features of seven dial-a-ride systems.

Avg Annual Rides
Revenue Estimated Annual Financial Data ($)
Fare ($) per Driver's Estimated Per

Ride Wage/h Operating Operating $1000
System Basic Senior ($) ($) Cost/h ($) Cost Revenues Deficit Total Deficit
Ann Arbor initial (2) 0.60 - 0.34 4,40 14,60 100 000 20 000 80 000 53 000 600
Batavia B-Line (2)~ 0.60* - 0.50 3.50 10.00 225 000 53 000 172 000 106 000 620
Dover Senior Surrey (2)° - Free - 3.00t03.80 8,40 63 000 0 63000 52 500 833
Haddonfield dial-a-ride (3) 0.80 0.40 0.68 6.00° 21.66 1 200 000 150 000 1050 000 300 000 285
La Habra dial-a-bus (2) ~ 0.50 0.25 0.39 3.12° 10.00 225 000 50 000 175000 140 000 800
La Mirada dial-a-ride (4) 0.25° —_ 0.22 3.00° 8.00 150 000 24 000 126 000 110 000 873
Westport Minnybus (5) ~ 0.50° 15.00/yr 0.15 4,20 12.00 350 000 100 000 250 000 600 000 2400
®Fare is 40 cenls on a subscription basis bSee footnote b to Table 1 €1974, 41973 ®Free service 1o shopping center 'Reduced rates with purchase of pass

Table 3. Outline of a general concept of demand-responsive transportation.

Population

Typical Attractions

Time of Operation

Type of Service

Persons in low-income or high-density areas

Senior citizens

Children 7 to 17

Commuters to CBD jobs

Employees at large establishments
Spouses of people driving to work, one-
car [amilies

Handicapped (wheelchair or other mobility
problem)
Workers and visitors at major trip generators

All others

Hospitals, transportation centers

Restaurants, shopping centers,
professional offices
Public buildings

Industrial areas
High-income homes (for domestic jobs)

Senior centers, downtown
Shopping centers, movies, theaters,
hospitals, medical offices

Schools, movies, theaters, shopping
centers, playfields

Downtown, railroad station, express
bus terminal, rapid transit station

Large employers

Shopping centers, movies, theaters,
public buildings, offices

Hospitals, universities and colleges

All accessible places (i.e., without
architectural barriers)

Shopping, restaurants, public buildings,
transportation terminals, offices,
exhibitions or events within CBD or
activity center

All others

10 p.m. to 6 a.m.
and Sundays

6 a.m. to 10 p.m.
(fixed headway)

6 p.m. to midnight
and Sundays

Shift changes only

8 to 10 a.m. and
2 to 4 p.m.

10 a.m. to noon

Noon to midnight and
Sundays (fixed
headways)

1 to 6 p.m. (lixed
headway)

7to 9 a.m. and 5 to
7 p.m. (to [it train
schedules or work
hours)

a.m. and p.m. peaks

8a,m. to 6 p.m.
(fixed headway)

6 a.m. to 8 p.m.
(rixed headway)

24 hours

All hours of activity
center (fixed
headway)

24 hours

Dial-a-ride, many to
few
Fixed route

Dial-a-ride, few to
many

Fixed route (subscriber)

Fixed route

Dial-a-ride prebooked
Dial-a-ride, many to
few, few to many

Fixed route

Fixed route (subscriber)

Fixed route
Fixed route

Fixed route
Dial-a-ride, many to

many
Fixed route

Taxi (individual or
shared)
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Although waiting time can be brought down to 20 to 30
min by good management and adequate telephone answer-
ing capacity and dispatching staff, there remains an
irreducible uncertainty in predicted pickup time for the
potential passenger. In Haddonfield, the response time
ranged from 6.9 min early to 17.5 min late, About 32
percent of the pickups were outside these limits. This
variability is less the fault of the driver than that of

the passengers themselves.

Some passengers are waiting at the curb when the
bus arrives. The bus is stopped only 10 or 15 s and
may therefore arrive early to pick up a subsequent pas-
senger. At the other end of the scale, an elderly per-
son waiting in a high-rise apartment may have to wait
for an elevator to get down to ground level and may need
driver assistance in boarding the vehicle. Stop time
can range from 2 to 5 min. Family groups using the
dial-a-ride may have to get themselves together while
the bus is waiting, with similar delaying effects. Walk-
on passengers (those who hail the bus) cause delays be-
cause the driver has to relay the ride request to the
control room and confirm that he can fit the desired
journey into his tour before accepting the passenger.

In Haddonfield, 15 percent of the passengers were
walk-ons.

These uncertainties are built into the concept of dial-
a-ride and cannot be removed by better computer algo~
rithms. (A good dispatcher in a small community,
however, can compensate if he gets to know his regular
customers' patterns of punctuality.) In short, dial-a-
ride buses are second in choice to private automobiles,
serve only the captive portion of the traveling public,
are inherently less reliable in keeping schedules than
fixed-route buses, and require higher subsidies than
fixed-route (or shared-taxi) transit services. Most of
these weaknesses were predicted in the initial analysis
of the concept for the U.S. Department of Housing and
Urban Development in 1968 (1, Vol. 1, pp. 60-64, Vol.
3, pp. 84-143).

REDEFINING DEMAND-RESPONSIVE
TRANSPORTATION

Dial-a-ride buses, which have received most of the
publicity, are logically only one aspect of demand-
responsive transportation. Shuttle service, subscrip-
tion buses, and even well-planned fixed-route transit
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main requirements for demand-responsive transit should
be as follows.

1. A demand-responsive transit system should take
people where they want to go, when they want to go
there, unconstrained by historic street-car franchises
or utility-commission running rights.

2. Small buses should be used when necessary to
penetrate residential areas and minimize walking dis-
tances. Large buses should be used as needed for com-~
plementary high-volume trunk-line services or bus
pools.

3. Different kinds of routes should be operated,
varying as required from hour to hour and day to day.

4, Continuing market research should be employed
to find out what potential passengers want in the way of
service.

5. Fixed, easily memorized headways should be
used only if these are consistent with passengers'’
needs. For example, it is usually more important to
dovetail with the working hours of employers, beginning
and ending times of after-school activities, commuter
railroad timetables than to run a bus every 20 or 30
min.

In this respect, demand-responsive transportation is
not just dial-a-ride service or even a taxi. It is a phil-
osophy of managing and operating a bus system to serve
consumer and social needs. Within this broad concept,
the emphasis should be on predictable fixed-route ser-
vices with good public information (maps, schedules,
route identifications). Dial-a-ride service can be an
important supplement to fixed-route operations, although
in many communities taxicabs rather than bus operators
should supply the dial-a~-ride service.

The needs of different population groups should be
identified and distinguished. A tentative classification
of groups and needs is presented in Table 3.

The demand-responsive concept outlined in Table 3
has the following characteristics.

1. It focuses on concentrated centers of activity and
high-density or low-income residential areas.

2. It distinguishes people who can walk and wait from
people who usually can't (the elderly, the handicapped,
or those who live in high~crime neighborhoods).

3. It uses the taxicab to fill gaps in the fixed-route
and dial-a-ride bus services, such as the need for low-
density many-to-many travel.

4, It uses dial-a-ride when personal door~to-door
service is important and time is not critical (the elderly,
the handicapped, and owl service).

5. It runs fixed-route services to meet high-volume
travel needs (e.g., to meet the shift changes at a large
industrial plant),

6. It provides some sort of public transportation
(fixed route, dial-a-ride, or taxi) at any time of day to
all parts of its service area.

In the past few years a great deal has been written
in the transit trade press about free transit or fare re-
ductions. Yet impartial studies (7) have shown that
quality and reliability of service are more important
than fares. Effective demand-responsive transportation
service can charge patrons a dollar a ride and yet allow
them to travel for less than the annual cost of insuring
a second or third family car. Discount fares have a
place in promotion or to make service accessible for
the elderlyor for economically disadvantaged people.
Family passes can attract groups of people away from
the private automobile, as they have in Westport. How-
ever, the r1der who uses pubhc transit only when hlS
Selling public transportation at too cheap a price 1eads
to overcrowding and deterioration of service. The
successful Davenport-Moline and Little Rock dial-a-~
rides charge a $1.00 fare (8, p. 21). The failed Santa
Clara County service charged 25 cents.

More important than the price of the fare is the way
it is collected. A pass system like that used in West-
port or a credit card system like that developed for
Valley Transit District in Connecticut is far more de-
sirable than cash fares, which increase overhead and
necessitate a choice between exact fares and the risk of
driver cheating and fare-box robberies. Regular bus
users should have prepaid discount fares, and fare
boxes should be for occasional use only.

The type of vehicle needed by demand-responsive
transportation varies. However, if the vehicles are to
be running all day, every day, the economies in fuel,
maintenance, and service life of the diesel engine will
usually outweigh the lower initial costs of gasoline~
powered vehicles. There is no diesel-powered taxi
manufactured in the United States, and small diesel-
powered buses are only now beginning to be offered by
domestic manufacturers. Problems with vehicle main-
tenance and unreliability have plagued the Haddonfield
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and Valley Transit District demonstration projects (among Highway Users Federation for Safety and Mobility,

others). For example, on one day in March 1973, only Washington, D.C., 1974,

one of seven Valley Transit District buses was opera-
tional. While awaiting the delivery of new Grumman ve-
hicles, that district is operating some of its dial-a-ride
routes with standard four-door sedans.

ROLE OF DIAL-A-RIDE

Dial-a-ride began life as an innovative theoretical con-
cept intended to solve the problem of efficiently provid-
ing public transport in low-density suburbs., In the past
decade, the mechanics of operating dial-a-ride service
have developed. Computer dispatching programs have
been field tested. Experience has been gained. Dial-
a-ride has proved a feasible transportation alternative.

Simultaneously with developing the practical tech-
nology of dial-a-ride, we have learned—or should have
learned—its limitations., It is a low-capacity, labor-
intensive, personal-service travel mode. It works
best on a small scale—either in 2 small community or
when limited to small areas or selected needy popula-~
tion groups. Fixed-route service with a longer headway
than the average dial-a-ride waiting time can be more
attractive to passengers if it is more reliable.

Fixed tour times and prebooking of dial-a-ride ser-
vices (at least one hour in advance) tend to improve reli-
ability. In Canada, they have not been a handicap to de-
velopment of patronage. For homeward journeys,
regular-interval scatter or zone services from a shop-
ping center or hospital may be preferable to requiring
a telephone booking for each trip. In the context of
small-area personal dial-a-ride services, computer
dispatching technology may best be applied to fairly
large taxi systems.

In short, we now know that dial-a-ride will work
(with good planning and good management). The problem
we now face is in using it effectively in the developing
broader context of demand-responsive transportation.
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Transit Planning in a Small
Community: A Case Study

Ronald C. Pfefer and Peter R. Stopher, Transportation Center, Northwestern

This paper describes strategies for estimating potential markets for transit
or paratransit service, developing a potential set of transit system con-
cepts, estimating demand for each of a selected subset of concepts, de-
veloping an evaluation process, and selecting an implementation strategy.
The case study has shown that there is considerable value in conducting
limited, small-scale surveys of specific market segments as well as in de-
veloping a wide variety of system concepts in order to permit an effec-
tive choice among possible systems. An extensive educational effort is
needed for the community participants in the process as well as broad-
based community representation throughout the process.

This paper records the experience of a transit planning
team in its attempt to apply recent research develop-
ments and operational concepts to an actual situation,
The current emphasis on low-capital highly flexible
market-oriented systems and the development of para-
transit concepts have created a need for new approaches
to planning, new techniques to carry them out, and con-
sideration of alternatives to fixed-route systems. The
classical approach no longer suffices.

,,,,,,,
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proposed transit service have not adequately reflected
service factors that differentiate among the alternative
modes available. Generation of alternative systems
and their evaluation have often failed to include active,
structured community participation. The management
concepts that are needed to handle these more complex
systems while meeting a variety of related community
goals are just beginning to gain consideration.

This project had as its primary objective to define
for a community of 70 000 people a public transportation
system that could provide the level of service required
to meet physical, social, and economic goals. The
study framework is shown in Figure 1. The tasks were
designed and arranged to maximize participation by the
community and to assure complete consideration of a
wide variety of potential transit services in alternative
forms of system integration.

The study was conducted for the villages of Schaum-

*Mr. Pfefer was a staff member and Mr. Stopher was a consultant
of Jack E. Leisch and Associates, Evanston, Illinois, when this re-
search was performed.
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University

burg and Hoffman Estates, Illinois, two adjacent and in-
tertwined suburban communities located about 40 km

(25 miles) northwest of the Chicago central business
district (CBD). In 1975 the study area encompassed a
population of 69 000 and had an employment level of

26 000 jobs. Projections to 1985 show a population of
135 000 and employment of 71 000. The area is char-
acterized by a scattering of trip attractors. There is
no CBD for either village, nor is it intended that one be
developed. In addition, two railroad commuter lines
(the Chicago and North Western Railway Company to the
north and the Milwaukee Road to the south) are used by
the residents, primarily to get to and from work in the
Chicago CBD. Neither of these lines has stations in the
villages. A major junior college is adjacent to the study
area.

Present public transportation within the study area
is extremely limited. Taxi companies serve several of
the suburban communities in the area. A school-bus
company also provides limited peak-period service on
a lixed-route basis to one of the commuier raiiroad
stations, Demand-responsive transportation is available
to handicapped persons through a program administered
by the office of the township supervisor.

Housing consists primarily of single-family dwelling
units. Most growth, however, will be in the form of
high-density apartment complexes. According to the
1970 census, there were about 16 600 households in the
study area. The average household income at that time
was $15 600. More than 25 percent of the population
was under age 15, and 2 percent was over age 65. There
are a large number of multiple~car families (only 3 per-
cent of the households had no automobile available and
half owned two automobiles) and an even larger number
of licensed drivers (45 percent of the households had
more drivers than automobiles). Consequently, trip
patterns are generally dispersed both in space and time
over the area of approximately 11.3 by 9.7 km (7 by 6
miles).

MARKET ESTIMATION

Surveys were performed to assist in identifying the sizes
and characteristics of the various markets to be served



Figure 1. Flow diagram for public transit study.
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in the community. The primary market segments
surveyed were rail commuters (those who work in the
Chicago CBD), internal commuters (those who live

and work in the community), and shoppers (residents
shopping in the community). A number of other market
segments were also identified but were not considered
appropriate for the survey work, Hand-out, mail-back
questionnaires were designed and distributed for each
of the three markets. A sample survey is shown in
Figure 2.

The rail commuter survey resulted in 1891 returns,
639 of which were from residents of the study area.

The internal commuter survey produced 3355 returns,
with 1377 from study-area residents. The shopper sur-
vey resulted in 1579 returns, 958 of which were from
residents. Table 1 summarizes the general findings of
the three surveys.

The surveys showed that the internal commuters and
shoppers, neither of whom have any bus service currently
available, had a low level of interest in using a bus. In
contrast, rail commuters, for whom limited bus service
is already provided, showed a higher willingness to use
the bus under any conditions. Also, walking distance
was found to be more important than in-vehicle time.
Most respondents who would use a bus even if it took
longer would be willing to take it even if it took almost
twice as long as the car (10 to 14 min longer compared
with the average travel time of 13 to 17 min).
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Table 1. Summary of survey findings.

Rail Internal
Item Commuter Commuter Shopper
Mode of travel, percent
Automobile driver 1 86 83.0
Automobile passenger 18 11 0.6
Shared automobile ride
One passenger 44 23 31.0
Two or more passengers 13 1 17.0
Bus 10 - 0.2
Peak period, percent of trips
6:15 to 7:30 a.m. 84
6:30 to 9:00 a.m. 1
5:30 to 6:30 p.m, 14
3:00 to 5:00 p.m, 64
Average travel time, minutes 15 17 13
Estimated cost of trip by present
mode, cents 43 44 37
Maximum bus fare traveler will pay,
cents 44 39 38
Trip frequency of five times a week,
percent 88 80 -
Licensed drivers, percent 96 96 93
Households with automobiles,
percent 98 99 99
Average number of drivers in
household 2.20 2.38 2.44
Average number of automobiles in
household 1.62 1.82 1.88

In general, the survey identified a fairly typical sub-
urban community with high dependence on the automobile,
high automobile competition (i.e., a high ratio of licensed
drivers to automobiles in the household), and generally
relatively short travel times within the village. It was
clear that a transit service will have a relatively dif-
ficult time competing with the current levels of service
offered by the automobile.

The next step was to develop estimates of the total
market for transit service within the communities. The
primary sources for estimating the sizes of the various
market segments were census data and local data col-
lected by the villages. It should be noted, however, that
the villages under study are among the fastest growing
in the country, and the market estimation process was
being conducted nearly five years after the completion
of the last decennial census. Special census data gave
up-to-date population values but no updating of charac-
teristics.

In addition to the three groups surveyed, four further
market segments were considered to be likely to gen-
erate reasonable levels of transit use. The figures
derived for all market segments in 1975 are summarized
below.

Market Size Market Size
(trips/avg (trips/avg
Market Segment  weekday) Market Segment weekday)
Rail commuter 3 000 Personal business
Internal commuter 9 300 traveler 12 600
Shopper 21 000 Social-recreational
Elderly 2 600 traveler 8 400
Handicapped 300 Total 57 200

It should be recognized that the total market estimated
here (approximately 19 000 trips per year) does not cover
all segments of the population, nor does it provide for

all types of trips that might be undertaken.

TRANSIT SYSTEM CONCEPTS
Once a satisfactory definition of the size and character~

istics of the potential markets in the community has been
established, the appropriate systems can be considered.
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The development of system concepts represents a first
pass at a definition of alternatives for the markets
that have been identified and characterized. The work
at this point was conducted at a conceptual level, both
in terms of definition and evaluation. This is the point
at which the planner has the greatest freedom of ex-
pression and can consider the broadest variety of modal
alternatives (}_) and the most unorthodox of ideas. It is
necessary, however, to conduct such conceptual work
withina structure that encourages efficiency. Guidelines
were established with community representatives. A
broad-based taxonomy of services was developed. Evalua-
tion of the concepts and the selection of some for further
analysis were based on the identified goals and guidelines.

large, elected officials, professional employees of the
village, and regional transportation agency representa-
tives was formed. The initial role of this group was to
formulate goals and guidelines for this study.

We devised sets of questions to get the advisory group
started in their thinking, comments, and recommenda-
tions concerning basic objectives, levels of service, and
system characteristics. The group resolved questions
and conflicts around the table with these sets of questions
as a frame of reference. It was understood that the re-
sult would be a tentative finding of the group, subject to
change as work proceeded and as issues gained clarity.

It is important to note that the initial meeting at which
tentative objectives and guidelines were established was

Objectives and Guidelines

The study involved a strong emphasis on community
participation in the planning process.
that consisted of representatives of the community at

Figure 2. Sample questionnaire distributed to
railroad commuters.

An advisory group

preceded by two sessions at which presentations were
made to educate the group about the planning process,
the potential range of transit service available, and the
variety of markets to be considered.

The elements that were most important to the advi-
sory group are summarized below.

1f so, was parking . . . [ ] Free { ] Daily or Metered [ 1 Monthly ?
[ ) Car & dropped off [ ) Bus [ ] Malk (a1l the way) [ 1 Bike/Motorcycle
L1 Other (please specify)
3. WHEN DID YOU ARRIVE AT THIS STATION TODAY? . . ( 3 ] am
4. WMAT 1S THE SCHEDULED TIME OF YOUR TRAIN TODAY?[ H ] am
5. WHAT IS THE PURPOSE OF YOU TRIP? { ] To work or work related { ) Shopping

10. a.) DO YOU HAVE A DRIVER'S LICENSE? [ ] Yes [1No
None One Two 3 or More
b.) HOW MANY OTHER LICENSED DRIVERS ARE THERE IN YOUR HOUSEHOLD? 0 [) ] (]
C.) HOW MANY CARS (TOTAL) ARE AVAILABLE TO YOUR HOUSEHOLD? i B (]
11. WOULD YOU RIDE A BUS TO AND FROM THE TRAIN STATION IF . . . . (PLEASE CHECK EACH QUESTION) . "
Yes No es o
a.) ...you waited inside your home d.) ...it took less time than
for front door pick-up? (1 [1] your present trip? (1 [
b.) ...you waited at the nearest e.) ...1t took the same time
intersection? {1 [1] as your present trip? [ [1]
c.) ...you walked 4 blocks to the f.) ...1t took longer than
bus stop? [l (8] your present trip? [y 11
If yes, how many minutes longer?
12. IF YOU WERE PROVIDED WITH THE TYPE OF SERVICE DESCRIBED IN 11 a) AND e) ABOVE,

. WMEN DID YOU LEAVE HOME FOR THIS STATION TODAY? . . . . . . . wammmm L : =
. HOW DID YOU TRAVEL TO THIS STATION TODAY?

. HOW MANY TIMES PER WEEK DO YOU MAKE THIS TRIP TO THE STATION?

" TRANSPORTATION TO THIS STATION? (0O NOT INCLUDE PARKING COSTS - ONE-WAY ONLY)
. WHEN DO YOU EXPECY TO ARRIVE AT THIS STATION ON

. WHERE DID YOUR TRIP TO THIS STATION BEGIN?

. ARE THERE OTHER TRIPS FOR WHICH YOU WOULD USE A BUS SERVICE?

{1 Car & parked at station ( how many with you in the car? )

[ ] Personal business (visit doctor, bank, lawyer, etc.) { 1 Soctal/Recreational

{ ) Going home [ ] Other

{please specify)
[ ] Less than 1 day a week

[ 11 to4 days a week [ 15 days a week [ 1 More than 5 days a week

HOW MUCH DO YOU ESTIMATE THAT IT CDS‘I'S YOU, ON THE AVERAGE, FOR

YOUR RETURN TRIP TODAY? . . . « v v o v o v o & [
[ pm

2.) Nearest Intersectfon or address:

example: Acorn & Beech)

[ ] Other

IP'“!G lm"yj

b.) Municipality: [ ] Schaumburg [ 1 Hoffman Estates

WHAT MAXIMUM ONE-WAY FARE WOULD YOU BE WILLING TO PAY? . . . . . . . . .. ..

[ 1 Yes [ 1 No

IF YES, PLEASE SPECIFY

E

WOULD APPRECIATE YOUR IDEAS ON BUS SERVICE IN THIS AREA:




1. General objectives: service for transit captives
and those with high levels of automobile competition in
the household, coordination with regional systems,
flexibility, strong positive image, reasonable subsidy
levels, and ability to attract people away from automo-
biles.

2. Service objectives: on-time arrival at destina-
tion, elimination of need to change vehicles, consistency
in travel times, assurance of getting a seat, fare dis-
counts for the elderly, handicapped, and children,
credit-card or ticket option for paying fares, use of
small vehicles (12 to 25 seats), ability to take a direct
route, requirement of exact fare, and availability of
telephones in public places to call for service or infor-
mation.

3. Specific guidelines: maximum walking distance
of three to four blocks (less for shoppers and almost
none for handicapped), maximum waiting times from
20 min (for rail commuters and shoppers) to less than
10 min (for internal commuters and special groups),
maximum riding times of 30 to 45 min for internal com-
muters and 30 min or less for others, and maximum
fares of 50 cents.

As work progressed toward more detailed system selec-
tion and design considerations, some minor shifts in
emphasis were voiced by the group.

Concepts

A significant amount of time was spent reviewing with
the advisory group the variety of conventional and para-
transit services that were available to meet the identi-
fied needs of each of the market segments. The char-
acteristics and greatest potential for application of each
were discussed. Generally, discussions centered on
conventional fixed-route service, dial-a-ride (including
shared-taxi service), subscription services, pooling
programs, and jitney operations. Potential service in-
tegration was also emphasized.

The conclusions were tabulated in a format that
facilitated development of integrated service concepts.
The early project work had identified the interest in
providing a system tailored to the community to be com-
petitive with the automobile. This, combined with the
relatively low population density and lack of a CBD, was
taken to indicate the desirability of a dial-a-ride opera-
tion to serve off-peak demands. Fixed-route, subscrip-
tion, and pooling options were considered worthy of fur-
ther consideration as peak-period services. Twenty
alternative system concepts were listed. For each al-
ternative concept, special tabular summaries were
prepared that described the service provided to each
market segment with maps, where appropriate, show-
ing routings or service areas. This, combined with a
review of the goals and guidelines established, provided
a basis for narrowing the selection. Selected concepts
were analyzed in further detail through derivation of
several operational factors regarding the user and the
operator. This provided more quantification with re-
spect to walking, waiting, and travel times; number of
vehicles required, by type; and cost considerations.
The final set of evaluations was then made.

The advisory group determined that detailed testing
should concentrate on defining an off -peak dial-a-ride
service and studying as alternative peak-hour services
(a) dial-a~-ride only, (b) dial-a-ride and subscription
service, and (c) fixed-route only.

Comparing Costs of Alternatives

A key element in the evaluation of alternative systems
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is the comparison of expected costs. Of interest here
is the comparison between the more conventional ser-
vice and demand-activated systems. Although dial-a-
ride service is often considered more expensive than a
conventional system, some of the more thoughtful
studies (1, 2) have shown us that one must be careful to
define the conditions of comparison carefully. Further
pursuit of that discussion is included here in order to
extend the philosophy that has been developed (1) and to
place it in the perspective of the process of transit plan-
ning and design.

First, one must ask on what basis the systems are
being compared. More theoretical analyses (2) have
assumed a level of demand, hypothesized a service suf-
ficient to handle the assumed demands, and proceeded
to cost and evaluate them. Another approach is to de-
fine a level of service (1), hypothesize alternative modal
operations that meet that standard, and compare costs
at a given level of demand. This is often difficult to do
to everyone's satisfaction since it is difficult to arrive
at a satisfactory definition of level of service and to
agree on the relative weighting of the elements that
produce the level of service (e.g., waiting time versus
riding time).

In the case of the transit planner, it is not usually
possible to compare systems with equal levels of ser-
vice. Similarly, it is not likely that the alternative sys-
tems being evaluated will have equal attractiveness in
a given market setting. It is therefore necessary to
develop an effective gauge of potential demand that takes
into account market dynamics.

Figure 3 presents a simplified picture of the rela-
tionship between market diversion and cost per pas-
senger for two alternatives. The curves are schematic
representations and would more accurately appear as
step functions. It is assumed that diversion is from a
total set of markets spread more or less ubiquitously
about the area. Assuming that system A is the more
attractive service in this market context, there are
two potential conditions under which cost per passenger
is less for system A than for system B.

The first is the point at which demand density is so
low that system B is apparently inefficient, i.e., demand
densities lower than P;. This has been demonstrated
(2) to be the case when comparing demand-activated
(system A) with fixed-route (system B) services. It is
a result of reaching a base operating condition at which
buses are running at extremely low load factors. The
same level of ridership (or greater, for the more at-
tractive system) can be serviced with flexible routing
and scheduling, using fewer vehicles, and at a lower
cost.

More to the point, however, is the second condition
in which system A might be near, at, or below the cost
per passenger of system B. With a demand density of
Pz, system B costs C; and system A costs C:; the dif-
ference represents the additional fare or subsidy that
would be required to supply demand-activated service.
But, considering the market dynamics for system A,
its share of the market could easily become P, at which
point its cost per passenger would be Cs, the same as
for system B at P.. Such a condition might occur, for
instance, with door-to-door dial-a-ride service in cer-
tain market contexts when the unique service attributes
of such a system have a major impact on trip-making
and mode-choice decisions. Clearly, it is necessary
that the dynamic effects of differences in market at-
tractiveness be considered before making snap evalua-~
tions.
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Figure 3. Schematic representation
of relationship between market
diversion and cost per passenger.
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DEMAND ESTIMATION

Model Description

It is necessary to arrive at estimates of ridership for
each alternative being considered in order to arrive at
estimates of system size and costs that can be used in
the overall evaluation process. Many studies on the
design of paratransit facilities have used only judg-
mental estimates of the likely ridership for a proposed
system. In contrast, the present study undertook the
development of disaggregate behavioral choice-modeling
techniques, from which estimates of the potential rider-

ship for a number of alternative systems were generated.

The basis of this technique has been described in other
documents (3, 4, chap. 16). It offers two important
benefits for the type of estimation needed in this study.
It can be applied to very small data bases, and the
models are simple enough in operation, once calibrated,
to handle fairly efficiently a rather large number of al-
ternative systems.

Principally, the technique is structured around a
calibration of modelg to the revealed preferences of
individual travelers. The resulting model indicates the
probability that an individual will choose a particular
course of action, e.g., a specific mode of travel for a
specific trip. The probabilities that are produced by
most of the models are conditional probabilities, i.e.,
that a particular mode of travel will be chosen for a
particular trip, given the origin, destination, and pur-
pose of the trip and given that a decision has already
been made that the trip will be undertaken.

The model was developed to be responsive to a set
of attributes that describe the alternatives open to an
individual. This is the sense in which the model is
termed behavioral. On the basis of both current theory
and ease of use, the most common form of model is the
multinomial logit model.

pk = exp[GI(Xi)1/ Y, exp[Gi(Xm)] ()
M
where

p. = the probability that individual i chooses alterna-
tive k from the set 1, 2,..., k,...,m,..., M;

G' = an individual-specific (or homogeneous group-
specific) function of alternatives of the alterna-
tives; and

X, = a vector of attributes of alternative k.

In the case under study, the binary logit model was
selected since the primary current mode of travel is
the automobile and the alternative would be some form
of transit or paratransit. While a number of previous
research projects have shown that other attributes be-
sides cost and time are important in the decision-
making process, the research has also shown that cost
and time alone determine a large measure of the choice.
We therefore decided to develop a model for the case
study in terms of these two parameters alone.

ph = explad +od (¢ - ch) + oh (th - t})1/1 + exp [cd + & (¢} - &)
+ah (L] - t})] 2)

where

n; = the probability that individual i will
choose the bus;
ti, ¢t = the time and cost, respectively, by
automobile for individual i;
ti,c! = the time and cost, respectively, by bus
for individual i; and
ab, i, o3 = coefficients to be determined from ob-
served choice behavior.

Calibration of the Model

The calibration of a model in the form of equation 2 re-
quired data on the choices made by individuals between
at least two alternative modes. Two procedures were
possible. First, if transit service existed within the
area, the model could be calibrated on data for the
choices made in relation to that system. Alternatively,
a model could be transferred from some other area that
is geographically and socioeconomically similar to the
one under study. In this case, it was possible to collect
data on present bus use and to develop from this a
calibration procedure,

Calibration of the model required a data set that
specified the travel times and travel costs for each in-
dividual by automobile and by bus. The questionnaire



had only ascertained travel times and travel costs for the
tripactually undertaken. Asaresult, it was necessary to
construct the data onthe alternative mode for eachtraveler
to the station by using bus operation data, simulated vehicle
runs, estimates that used routings on maps, and other as-
sumptions based on survey responses. A logitmodel was
then fitted for a choice between bus and automobile.

ph = exp(-1.37 + 0.054At! + 0.0021Ac)/1 + exp(-1.37

+0.054At! + 0.0021Ac¢") 3)
where

At = t! - t! and

Ac' = ¢k -cl.

This model was found to be statistically significant
at better than the 99.9 percent level, and each of the
coefficients of travel time and travel cost was signif-
icant beyond the 99 percent level and had the right signs.
The model also indicated, as would be expected, a
bias against bus use, as shown by the minus sign on
the constant. The model was therefore accepted as
being an appropriate one for estimating ridership for
any fixed-route option, which is what the existing bus
service provides, It should be noted, however, that
the sophistication suggested in equation 2 was not carried
through in practice, since a single model was calibrated
for the choices of all individuals. The individual-
specific element in the model is simply the specific
difference in cost and time that each individual expe-
riences.

As noted above, the constant o, indicates a bias for
or against a mode of travel, based on other characteris-
tics than those specified in the mode, such as the dif-
ferences between the automobile and bus in comfort and
convenience. Since the purpose of the model was to
estimate ridership for options other than a conven-
tional bus, it was considered that some adjustment might
be needed for the value of the constant term to reflect
the differences in other attributes offered by certain
paratransit alternatives. After investigating other
studies and service implementations, we reduced the
constant term by one-quarter of its value for predicting
such paratransit options as dial-a-ride or subscription
service, The refined model is

Phe = exp(-0.913 + 0.054At +0.0021A¢)/1 + exp(-0.913
+0.054At" + 0.0021A¢') “4)

where p;, = the probability that individual i will choose
a paratransit alternative given a choice between para-
transit and automobile. The two models shown in equa-
tions 3 and 4 werethenapplied to current and future peak
market segments to provide ridership estimates for the
alternative service configurations tested in the study.

Development of Model Predictions

The models developed can be applied only to work trips
in the communities. No data existed for calibration of
a modal-split model for off-peak trips since no such bus
service was offered in the village, We assumed that the
relationship between responses to the survey item on
the work trips would hold for nonwork trips, thus per-
mitting us to estimate the modal split for nonwork trips
on the basis of the responses to those questions.

Ideally, predicting potential ridership would require
the estimation of differences in time and cost for each
individual who might be traveling to either a railroad
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station or a workplace within the communities. Since
this is clearly not feasible, a procedure is required for
estimating the probabilities for some subsample of in-
dividuals and aggregating this to represent the total
population, a problem typically handled by the use of a
disaggregate model (5, 6).

The specific strategy we selected was somewhat dif-
ferent from most of those examined before. The com-
munities were divided into 40 zones established on the
basis of census tracts and census block groups. A
random sample of 75 for each of the three market seg-
ments was then chosen from the completed question-
naires, and the respondents' home addresses and work-
places or rail stations were located on maps of the com-
munities. We recorded the characteristics of the re-
ported trip to the rail station or to work for each of the
respondents, computed the service characteristics for
each transit service option, and estimated the travel
time and travel cost for each system. The models were
then applied to produce a set of probabilities for each
person in the three random samples. We estimated the
number of automobile users and transit users for each
zone by summing the probabilities for our respondents
within the zone (the number of people in each market
segment within each zone had been estimated previously).
To obtain the final volumes of travel on each system, the
proportion of transit trips estimated from the random
sample was multiplied by the total population of the
market segment within the appropriate zone. This pro-
vided a set of forecast ridership estimates for each of
the alternatives considered.

Critique of Process

The procedure was found to be reasonably responsive,
but it would have been better to have had a model that
was able to separately specify walking and waiting times,
particularly since demand-responsive and subscription
services are significantly different in these regards
from conventional bus systems. Unfortunately, data
limitations did not permit a model of this form to be
calibrated. It would also have been desirable to include
differences in comfort and convenience. Furthermore,
analysis is needed on the extent to which the aggregation
procedure used introduces error into the estimation
process. However, the estimates of ridership obtained
appear to be in reasonable conformance with operating
experience in the various locations in which demand-
responsive or fixed-route, fixed-schedule service has
been implemented. There is therefore no reason to
reject the results of the application of this model.

In the application of the procedure, estimates were
made of the likely growth of patronage, with the assump-
tion that full patronage would only be reached after 3
years. Figure 4 shows the type of growth pattern that
was forecast, with high and low estimates for each
market segment.

EVALUATION AND REFINEMENT
OF THE PLAN

Once estimates of ridership had been derived, it was
possible to generate the data required for an adequate
evaluation of the alternatives. The evaluation of the de-
tailed plans involved a return to the goals and objectives
established early in the planning process. As was ex-
pected, new objectives were derived. Two of particular
interest were that the system permit a management
structure that used local private entrepreneurs to the
maximum extent deemed advisable and that compliance
with federal and state requirements be ensured to qualify
for capital and operating assistance. As a result, the
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Table 2. Summary of the analysis of alternatives.

Annual Subsidy ($)

Fare ($) Annual Annual Ratio of Cost Maximum
Annual Operating  Revenue Per Revenue per Fleet

Alternative* Peak Off-Peak Both Ridership  Cost (§) ($) Total Capita  to Costs  Ride (§) Size
DAR only 1.00 0.40

Low estimate 990 000 1270 000 528 000 742 000 11 0.42 1.28 31

High estimate 1625000 1905000 846 000 1059 000 15 0.44 1:17 50
Sub/DAR A 1.00 (DAR) 0.40 (DAR)  0.40 (Sub)

Low estimate 970 000 1100 000 385 000 715 000 10 0.35 1.13 24

High estimate 1595000 1610000 595 000 1015000 14 0.37 1.01 36
F-R/DAR 1.00 (DAR) 0.40 (DAR)  0.40 (F-R)

Low estimate 785000 1775000 275 000 1 500 000 21 0.15 2.26 24

High estimate 1215000 2286000 475 000 1811000 26 0.21 1.88 28
Sub/DAR B 1.00

Low estimate 585 000 715 000 495 000 220 000 3,40 0.69 1.22 24

High estimate 870 000 955 000 715 000 240 000 3.45 0.75 1.10 36

Note: Total market from which transit trips are diverted = 19 000 000 trips per year.
®Abbreviations: DAR = dial-a-ride, Sub = subscription service, F-R = fixed-route buses

Figure 4, Dial-a-ride ridership estimates for railroad commuters,
800
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final evaluation and selection were based on a synthesis
of the quantitative, semiquantitative, and qualitative
measures of effectiveness.

Costs and Revenues

In oider Lo airive at operating costs, an estimate of
fleet sizes was necessary. Although simulation pro-
grams have been developed for limited sets of transit
modes, they do not cover the spectrum. Also, the lack
of operating experience with paratransit services in the
Chicago area would make it difficult to arrive at accurate
inputs for the models that did exist. A manual approach
was adopted. The diversion estimates, along with as-
sumed routings, headways, and typical productivity esti-
mates (7, 8, 9, 10), were used to determine the ex-
pected loading and number of vehicles required for each
period to maintain the service specified in deriving de-
mand estimates. The weekday was divided into four
periods for analysis: morning peak, midday, afternoon
peak, and evening. The same design volumes were as-
sumed for these periods on Monday through Friday.
Saturday was dealt with separately. Analyses for Sunday
were not differentiated by period. The number of
vehicle~hours by period was estimated. The operating
costs for each plan were calculated by using average
vehicle-hour costs as derived from local operating ex-
perience and supplemented by experience with para-
transit services in comparable areas.

Capital costs were determined by using the fleet re-
quirements determined above, including those for stand-

by vehicles, and applying up-to-date unit costs quoted

by various manufacturers. Related capital equipment
(e.g., for communications) and facility costs (e.g., office
space) were also estimated. Revenues were estimated,
using the assumed fare structure, by applying the estab-
lished fares to each market segment. The demand esti-
mates previously described were used to determine the
number of riders in each market. Revenue estimates
were made for each plan or variation being tested.
Annual costs and revenues were analyzed, along with

the other measures, in selecting a plan for recommenda-
tion. An example of the results of this revenue and cost
analysis at the point of initiation of service is shown in
Table 2.

Selection and Refinement

After considering the detailed analysis of costs, revenues,
subsidies, service levels, management alternatives,
and so on, the advisory group decided to recommend the
implementation of a peak-hour operation consisting of a
combination of subscription service for commuters and
dial-a-ride for noncommuters, with dial-a-ride service
continued for off-peak periods. In addition, recom-
mendations were made for a program to encourage car-
and van-pooling plans, primarily through local employers.
The subscription service and pooling programs were to
be oriented toward two basically different commuter
nnnnnnn
vice to local employment. Both of these were considered
important, and the different characteristics of each had
to be recognized in order to provide the proper service.

The plan required refinement in many areas. Rider-
ship estimates were retested and alternative fare levels
were considered. System management concepts were
made more specific and problems of service coordina-
tion were addressed. Projections of system operating
levels were made for 5-year and 10-year periods. Stag-
ing and implementation programs and concepts were
developed, including a step-by-step process toward in-
auguration of service. Of specific interest here is the
analysis of alternative fare levels and system manage-
ment plans.

For any type of service offered, the fare charged
would have an effect on the use of the system and reve-
nues and, thus, an effect on operating costs, as well as
profit or subsidy levels. Commuter trips had been
found to have little sensitivity to fare levels below 75
cents according to available data in this community. The
noncommuter market, however, exhibited greater sen-
sitivity to fare variations. As a result, an analysis of
the recommended plan was conducted at four fare levels.
An average fare was used to represent a more complex



schedule of charges that varied according to the market
group. Average fares of 40 cents, 60 cents, 75 cents,
and $1 were tested. Estimates of ridership and sys-
tem size were made by usingthe analysis procedures de-
scribed above. A typical mix of vehicles, using 25-
passenger buses, 12-passenger vans, and specially
equipped passenger automobiles, was derived for each.
Costs, fares, and revenues were calculated as de-
scribed above. The results were tabulated and plotted.
Figure 5 presents a typical relationship, showing pro-
jected values for the first stage of operation with a
mixed fleet ranging from 20 vehicles (at a $1 average
fare) to 30 vehicles (at a 40-cent average fare). Re~-
sulting costs per ride were about $1.10, The annual
subsidies required for each level were:

Average Fare Annual Subsidy per
($) Subsidy ($)  Capita ($)
0.40 840 000 11.20

0.60 420 000 5.60

0.75 335 000 4.45

1.00 110 000 1.50

The decrease in subsgidy levels from the average fare
of 40 cents to the average fare of $1 is about $730 000
but there is an associated decrease in ridership of about
485 000 rides per year. The decision on which fare
policy to follow clearly involves a trade-off between
maximizing attractiveness to the community (and re-
sulting use of the system) and minimizing the amount
of public support required to operate the system.

These estimates of revenues are based solely on
expected fares. Additional sources of revenue or sup-
port may be found to further reduce the operating sub-
sidies required.

Management Concepts

The recommended combination of subscription, pooling,
and dial-a-ride service will require a management sys-
tem that can appropriately coordinate the financial and
physical resources to meet transportation needs as they
are identified. In addition, if federal funding is to be
made available, it requires that existing jobs not be
eliminated and operating businesses not be harmed be-
cause of this service.

The villages have a range of alternatives available
for managing a transit system. At one extreme, all
functions can be carried out by a local (village) or re-
gional governmental unit. This would include market-
ing, dispatching, vehicle maintenance, vehicle opera-
tion, and storage, as well as the hiring and managing of
all required personnel. At the other extreme, the vil-
lages can license a private operator to perform all these
functions. A given community has a set of conditions
that will allow a tailored system to be developed some-
where within this range of possibilities, at a level that
will provide the best overall results for the community.

In considering the various possible arrangements, a
management and operation concept has been developed
for the Schaumburg/Hoffman Estates transit system,
shown diagrammatically in Figure 6. It was proposed
that a central public transportation agency be formed to
manage and operate the system. This could be the re-
sponsibility of the two villages, a regional agency, or
Chicago's Regional Transportation Authority. The
management functions would include the initial steps of
implementing the service as well as the ongoing tasks
of marketing and monitoring. A basic feature of the
concept proposed here is that the agency does not
operate, maintain, or store its vehicles (except, pos-
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sibly, a limited fleet as explained below) but contracts
for these services through local entrepreneurs. The
agency's responsibility, therefore, is to establish ser-
vice standards and contract requirements for bidding
and to negotiate the final service agreements.

The agency's operational responsibilities would be
primarily those of a broker or coordinator of public
transport service. This would include the acquisition
of vehicles and related capital equipment (thus allowing
for federal and state subsidy support). In order to main-
tain central control over the vehicles in operation and
to assure the proper level of service, the agency would
also develop the dispatching system, as well as take in
all revenues and pay out on its contracts. Since other
local or regional transit systems either border on or
pass through the service area, it would be desirable for
the agency to coordinate with these other systems to
create a unified transit-service area. Finally, it is
possible that the agency could operate and maintain its
own small fleet of vehicles in order to gain first-hand
experience and knowledge that would enable it to better
monitor its outside contracts. This would also give the
agency flexibility to take a larger share in actively
operating the system, should it become necessary or
desirable.

Since the transportation agency would act primarily
as a broker in the system, the role of the other parties
should be explained briefly. It was assumed that a local
bus company would be contracted to operate, maintain,
and store the required medium-sized and, possibly,
small-sized buses. It was also assumed that a local
taxi company would be contracted with to operate, main-
tain, and store the required passenger-car units and,
possibly, small-sized buses. The vehicles could be
provided through the agency or through the local com-
pany. If the latter, the vehicles would have to meet the
agency's standards, which would include the use of the
agency's vehicle colors and logo. Drivers provided for
the vehicle by the local company would have to be tested
and certified by the agency. Should the vehicle be owned
by the local company and used for its own purposes when
not plugged into the system, it would be necessary, to
protect the system's image, to require that only drivers
certified by the agency be allowed to operate the ve-
hicle.

In addition to working with the local transportation
companies, the agency might make direct arrangements
with individuals or firms. Thus a pooling arrangement
could be made in which one of the commuters also be-
comes the pool driver, which would significantly lower
operating costs. The person selected to drive might be
given free fare as well as other incentives. If a van~pool
vehicle is needed for off-peak service, arrangements
could be made for a professional driver to pick up the
vehicle at the van-pool driver's place of employment
and return it before his or her scheduled departure at
the end of the day. The agency could work through an
employer, who might also be willing to subsidize the
program. In addition, car-pool matching services could
be provided.

In summary, the proposed concept has the advantages
of minimum capital investment in facilities, minimum
agency personnel requirements, maximum use of local
entrepreneurs, and flexibility to meet varying needs.

CONCLUSIONS

It has become clear that there are a number of sensitive
issues in providing plans for transit and paratransit in
any community, particularly small communities. In
particular, it is very important to be able to produce
accurate but inexpensive demand estimates for low-cost,
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highly flexible systems. It is also of considerable im-
portance to develop an operating strategy that will not
alienate existing transportation firms (e.g., taxi com-
panies) but that retains sufficient control of any system
in the hands of the community.

In this paper, strategies have been described for
estimating potential markets for transit or paratransit
service, developing a potential set of transit system
concepts, estimating demand for each of a selected sub-
set of concepts, developing an evaluation process, and
selecting an implementation strategy. In all cases,
these strategies represent an initial trial of a particular
method, from which a number of lessons can be drawn.
The case study has shown that there is considerable
value in conducting limited small-scale surveys of
specific market segments. While our self-administered
questionnaire lacks controlled response and may pro-
duce biased results, it can be checked against census
data and its biases may be small. In developing esti-
mates of the size of various markets, research is
needed into the trip-making rates of a number of seg-
ments of the population, particularly those that are not
subjected to surveys.

The development of a wide variety of system concepts
that facilitate the generation of an optimal system or
systems was also important. A qualitative analysis was
found to be appropriate and sufficient to lead to an

effective choice among candidate systems. Two inputs
that should be provided at the system-concept stage are
the various system costs and some reporting of opera-
tional experience with new transit concepts in other com-
munities. The latter should include demonstrations of
various types of vehicles and field visits to operating
systems.

The demand-estimating process used a low-cost
policy-sensitive method that was capable of responding
to most of the needs of this study. Further use of the
technique, with better data and before-and-after testing,
will provide many of the improvements deemed desirable
for greater responsiveness to new system concepts.
Specifically, data are needed on the access and egress
travel times and on the factors relating to comfort, wait-
ing time, and waiting location that may distinguish levels
of patronage among new transit-system concepts. Re-
search is needed to determine the accuracy of the aggre-"
gation procedure as a function of sample size.

The emphasis in this study was on deriving a plan for
immediate and near-~future service. The high degree of
flexibility within the systems being proposed and the
dynamic development potential in the community make
long-range transit planning an unnecessary academic
exercise at any but a conceptual level. This approach
can be taken with a high level of confidence and least
likelihood of service retraction, assuming that the in-



dicated level of service and an effective marketing pro-
cedure can be maintained.
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Evaluation of
DRT Systems
in Richmond and
Santa Barbara

Eileen Kadesh, U.S., Environmental Protection Agency

This study evaluated system performance and the economics of a publicly
operated demand-responsive transportation system in Richmond, Califor-
nia, and a privately owned and operated demand-responsive transit service
in Santa Barbara, California. The systems were evaluated from the view-
point of users, nonusers, and system operators. The major conclusion
from the research was that ownership and operation of demand-responsive
transit by the private sector demonstrate significant potential and should
be given serious consideration by policy makers. By subsidizing a private
operator at approximately $1.00 per passenger-trip, it should be possible
for a local government to provide increased mobility to transit-disadvantaged
sectors of the population with a greater degree of efficiency and equity
than would be possible if the service were operated by a transit district.

This paper reports on a study of demand-responsive
transportation (DRT) systems in Richmond and Santa
Barbara, California. Since this research was per-
formed, both systems have gone out of operation. This
study should be seen as an attempt to analyze the rea-
sons underlying the failure of the two systems. I hope
it will provide some insight into the pitfalls that must
be avoided in planning new DRT service.

SYSTEM STRUCTURE

Dial-a-ride was initiated in Richmond on September 16,
1974. The system was sponsored, operated, and man-
aged by the Alameda-Contra Costa (AC) Transit District
and was coordinated with Bay Area Rapid Transit (BART).
The Board of Control for the AC/BART Coordination
Project authorized the Richmond DRT experiment (1)

in order to -

1. Develop information from the pilot project that
would be useful in implementing similar service else-
where in the Bay area,

2. Acquire experience in coordinating DRT service,
AC Transit, and BART services, and

3. Obtain guidance in terms of technology, personnel,
and facilities requirements for expanding DRT service
beyond the boundaries of the initial service area.

In contrast toRichmond's DRT, Santa Barbara'sdial-

a-ride operation was privately owned and operated. The
system was initiated on September 1, 1973, and was op-
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erated as a service of the Yellow Cab Company, the only
taxi firm in Santa Barbara. Ernie Parks, the system
operator, said his objectives were 'to prove that we
could operate it cheaper than if it were operated by a
city or transit district" and ''to salvage the taxi business
so the transit district couldn't put us out of business....
We hoped it would help the cab industry.... We looked
at the Haddonfield system and figured that, if we could
operate a dial-a-ride service and show that it fulfilled
community needs, it would be worthwhile."

Although, like AC Transit, the owner of the Santa
Barbara dial-a-ride service did not formulate any set
of criteria by which to judge the success or failure of
the system, he wanted to break even. The original goal
was to carry 500 passengers a day by the end of the first
8 to 12 weeks, although the service was never aimed
toward any particular market sector. The operator was
quoted in a newspaper interview as saying that the sys-
tem would be the first one to be put into operation with-
out a federal subsidy and that it would be "learn and
oo (2).
go" el

Area Served

Richmond is located about 16 km (10 miles) north of
Oakland on the northeast shore of the San Francisco Bay.
The site selected for the dial-a-ride demonstration proj-
ect was an area of 12.7 km® (4.9 miles®) covering the
center of the city. The total population of the service
area is 44 000, and the population density is 3542 per-
sons/km® (9173 persons/mile?).

The city of Santa Barbara is located on the southeast
coastal plain of Santa Barbara County, approximately
161 km (100 miles) northwest of Los Angeles. Nearly
28 km?® (11 miles®) are contained within the service area
with a total population of 54 605 and a population density
of 1974 persons/km® (5112 persons/mile®),

While the Santa Barbara service area was about twice
the size of Richmond's, the population was half as dense,
Thus, on the basis of physical characteristics alone, the
Santa Barbara system began with a double handicap com-~
pared with Richmond's system.

The median income in Richmond's initial service area
was approximately $10 000 (3). The racial composition



was 39 percent black, 56 percent Caucasian, and 5 per-
cent other, Automobile ownership in the service area
was generally high. One-third of the population was
under 18 years of age. The elderly, another major
group the DRT system was designed to serve, consti-
tuted only 14 percent of the population.

The median income for the Santa Barbara service
area was $9247. Its racial composition was 24 percent
Chicano, 72 percent Caucasian, and 4 percent black.
As in Richmond, automobile ownership was high. The
percentage of young, middle~aged, and elderly was
fairly even. Those 18 and under made up 25 percent of
the population, while those over 60 made up 23 percent.

Size of System

Since AC Transit officials believed there was no small
vehicle available that could meet their stringent reli-
ability criteria, they shortened 13 of the 10.5-m (35-ft)
transit coaches that normally seat 45 passengers so that
they contained 18 seats.

The vehicle used for Santa Barbara's dial-a-ride op~
eration was a B200 Dodge Sportsman Maxiwagon., The
operator decided to use vans rather than taxis for Dial-
a-Ride because it was feared that, if taxis were used at
the cheaper dial-a-ride fares, too many taxi customers
would switch to Dial-a-Ride. There were originally two
vans in service, but when ridership dropped, one van
was taken out of service.

The average distance traveled per day in Richmond's
dial-a-ride operation was 164 km (102 miles) per bus
per day (4). Santa Barbara's van system covered ap-
proximately 200 km (125 miles) per day.

During the initial months of operation, Richmond's
dial-a-ride system employed 26 drivers, 12 control-
room operators, and 2 control supervisors. In Feb-
ruary 1975, in an effort to reduce the cost of operation,
2 controllers and 6 drivers were laid off. The personnel
cutbacks, however, resulted in increased waiting times,
a drop in patronage, and complaints concerning reliabil-
ity of the service. For these reasons, the employees
laid off in February returned to their jobs in March,

During its initial period of operation, Santa Barbara's
dial-a-ride staff consisted of two drivers. Apart from
the drivers, the only other employees who spent time
on Dial-a-Ride were the dispatchers who were employed
by the taxi operation. No more than 8 to 9 percent of a
dispatcher's time was spent on Dial-a-Ride.

Financing

AC Transit relied on five sources of revenue to finance
the dial-a-ride operation: a two-thirds capital grant
from the Urban Mass Transportation Administration
(UMTA) to redesign the transit coaches, a one-time al-
location from the Metropolitan Transportation Commis-
sion (MTC) to be applied to net operating loss, a federal
subsidy for operating costs, fare-box revenues, and a
property-tax assessment (the normal means of financing
all AC Transit operations). The percentage of the total
cost of operation (including capital costs) supplied by
each revenue source is shown below.

Revenue Source Percentage
UMTA grant 9
MTC funds 14
Fare-box revenue 5

Property-tax assessment 72

Unlike Richmond's system, Santa Barbara's dial-a-
ride system receives no outside subsidies. The cost
of operation depends wholly on fare-box revenues and
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cross-subsidy from the Yellow Cab operation. Package
delivery and night charter operations also bring in addi-
tional revenue.

Marketing

A wide range of advertising techniques was used to in-
form Richmond residents of the existence of Dial-a-
Ride, e.g., mapboards, brochures, posters, directional
signs, decals, bus cards, telephone stickers, and plas-
tic bags. In addition, community consultants from the
Model Cities program canvassed the service area dis-
tributing free tokens, and the service was advertised on
local radio and television stations and in the local news-
paper.

Santa Barbara's dial-a-ride operation was much less
publicized, Prior to start-up of service, only one short
news article and one full-page ad appeared in the local
newspaper. Following this initial period, small ads
were run occasionally. The last ad appeared in Septem-
ber or October of 1974, In addition to these advertise-
ments, the News~Press printed one or two stories about
dial-a-ride service, and the local television station pro-
vided some coverage of the operation. The operator's
reluctance to advertise more heavily was a source of dis-
couragement to dial-a-ride employees and passengers,

SYSTEMS PERFORMANCE

Opinions about the performance of the two dial-a-ride
systems were gathered from users, nonusers, and sys-
tem owners. The method used for each group was: (a)
users—surveys conducted on board the vehicles, (b) non-
users—random telephone surveys of the general popula-
tion in each service area, and (c) system owners—indi-
vidual interviews.

The Richmond dial-a-ride users were surveyed by
questionnaires handed out on three different days during
October 1974 (3). From the 110 riders approached, 102
completed surveys were obtained (93 percent response
rate). Additional information was gathered by means of
simple observation,

Original data on Santa Barbara dial-a-ride users were
obtained through an on-board survey conducted during
January and February 1975. During the periods the in-
terviewer rode the van, there were 81 dial-a-ride users.
Although a goal of 100 surveys had been set, only 32
could be completed, largely due to two factors. First,
more than 40 percent of the passenger-trips were made
by regular passengers who rode more than once during
the survey period; although information was recorded
separately each time a passenger rode, each passenger
was asked to complete a survey only once. Second, many
of the passengers were mentally retarded and could not
be interviewed.

Ridership Characteristics

The percentage of riders in each age group and the age
structure of the total population in each service area are
compared below.

Richmond Santa Barbara
Percent Percent

Percent of of Total Percent of of Total
Age Group  Riders Population  Riders Population
Under 18 29 33 0 25
18 to 24 30 12 9 13
2510 44 17 22 13 22
45 to 59 13 19 25 17
60 and over 10 14 53 23
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As with so many other features of the systems, Rich-
mond and Santa Barbara were at opposite ends of the
spectrum. Whereas there was a predominance of
younger riders in Richmond, the majority of Santa Bar-
bara users were elderly. In addition, 75 percent of the
users in Richmond and 65 percent of the users in Santa
Barbara were female.

The most frequent type of trip in Richmond was work
trips; shopping was the second most frequent type. In
Santa Barbara medical visits were responsible for the
greatest number of trips.

No information is available on frequency of use for
Richmond dial-a-ride users. In Santa Barbara there
appeared to be a fairly even split between occasional
customers and regular passengers,

Although the door-to-door feature of dial-a-ride ser-
vice should have made transportation more accessible
to people with some types of disabilities, the fact that
the buses used in Richmond did not differ significantly
from the vehicles used in fixed-route service suggests
that Dial-a-Ride served few categories of disabled
people who could not have ridden the regular AC Transit
buses. Nineteen percent of the households in Richmond
were without automobiles. In comparison, 72 percent
of all dial-a-ride users did not have a car available.

Several aspects of the dial-a-ride operation in Santa
Barbara made it more accessible to the handicapped,
notably the low step on the van, which facilitated board-
ing by the elderly and handicapped, and the personal in-
terest taken by the driver in each dial-a-ride passen-
ger, as demonstrated by his calling out directions to the
blind passengers to aid them in entering the building at
their destination. In the hours the interviewers rode
the van, 36 percent of the 81 passenger-trips were made
by handicapped people. The types of disabilities repre-
sented were mental retardation, blindness, and problems
with balance and walking. In addition to these more ob-
vious handicaps, approximately 34 percent of the riders
indicated that they have health problems that make it dif-
ficult for them to walk more than a block or two. Only
12 percent of 32 riders surveyed had a driver's license.

User Evaluation
Fare

The fare on the Richmond dial-a-ride system was 25
cents. There were no transfer privileges to BART or
regular AC Transit buses. Two children under five
years of age rode free with a fare-paying adult.

The fare on the Santa Barbara system changed sev-
eral times, From September 1, 1973, to September 30,
1974, the fare was 60 cents for a one-way trip. On Oc-
tober 1, 1974, this fare was doubled to $1.20. The in-
crease was deemed necessary to offset a 19 percent de-
cline in the taxi business, which resulted primarily from
the Metropolitan Transit District's move to place eight
new minibuses in service, Shortly after the fare was
increased, dial-a-ride patronage dropped from between
110 and 120 riders per day to approximately 60 to 70 per
day. On January 6, 1975, the fare was changed again—
this time to $1.00 per ride.

Most of the Santa Barbara dial-a-ride users were
very appreciative of the service. Two-thirds of the
riders indicated that they would continue using the sys-
tem even if the fare were increased to $1.50. For most
of the passengers, the choice was between taxi or Dial-
a-Ride. As long as the dial-a-ride fare remained less
than $2.00, it was still cheaper than a taxi for most
trips within the city. At a fare that almost covered the
cost of the service (assuming a fare of $1.50 and a cost
per trip of $1.60), between 70 and 90 percent of the

weekly ridership would still have used the system,

It is fair to say that, despite the fact that the cost per
trip in Santa Barbara was higher than that for most other
dial-a-ride systems, the passengers were not consider-
ably dissatisfied with that aspect of the service. Although
the satisfaction expressed with the fare in Santa Barbara
should not be taken as wholly representative of all sys-
tem users, since the passengers surveyed were the res-
idue of the 110 to 120 riders who used the system daily
before the fare increase, the passenger ratings do have
some degree of validity and might be used as an example
for the Richmond system. Since the passengers were
very well satisfied with the fare in Richmond, it is rea~
sonable to believe that riders would still have been will-
ing to use the service if the cost per trip in Richmond
were increased to 45 or 50 cents. One of the drivers in
the Richmond operation indicated that neither he nor his
passengers would have been opposed to a 50-cent fare.

Trip Destinations

Lack of major activity centers in the Richmond service
area had a detrimental impact on the dial-a-ride opera-
tion. Analysis of trip tickets indicated that there was no
major origin-destination point. The major trip genera-
tors included Brookside Hospital, Kaiser Hospital, Mont-
gomery Ward, K-Mart Shopping Center, the Richmond
BART station, Hacienda Senior Citizens' Center, the
welfare department, Contra Costa County Building, the
library, city hall, and the art center. Because there
was no major employer in the service area, only a small
percentage of dial-a-ride trips were commuter oriented.
In particular, trips to BART were far below expectations,
Although school trips constituted a significant part of the
ridership, these trips were discouraged since student
demand overwhelmed the system when the service was
first initiated.

In contrast, the Santa Barbara service area, which
encompassed most of the city of Santa Barbara, had no
lack of trip destinations. Medical offices were the major
attractors for dial-a-ride trips. The main work desti-
nation was Work, Inc., a rehabilitation center on lower
State Street where handicapped persons are taught em-
ployment skills. The school trips made by Dial-a-Ride
were limited to transportation of the mentally retarded
students between the Montecito area and Alpha School.

Speed of Service

During the first quarter of operation, waiting time in
Richmond averaged 26.5 min, while riding time averaged
14 min,

Passengers who called for dial-a-ride service in
Santa Barbara were told that they would be picked up
within 30 min. This was the average waiting time for
the system, When the patronage levels fluctuated around
110 to 120, however, this 30-min promise often could
not be fulfilled. With such heavy demands on a two-
vehicle system and so large an area to traverse, there
were times when a vehicle did not show at all, Waiting
time was the major complaint against the service.

Nonuser Survey

To determine how the general population—in particular,
nonusers—viewed dial-a-ride service, a telephone sur-
vey was conducted in each service area. The primary
purpose of the Richmond survey (5) was to discover how
people in Richmond became aware of Dial-a-Ride and to
determine whether any advertising medium had particu-
lar effectiveness with any one group of people. Although
the Santa Barbara survey asked many of the same ques-



tions, it was broader in scope. Its objectives were: (a)
to test the researcher’'s suspicion that few residents in
Santa Barbara were aware of the existence of Dial-a-
Ride because of its sparse publicity, (b) to discover
what percentage of those surveyed were currently using
the service or had used it at any time in the past, and
(c) to determine which aspects of Dial-a-Ride inhibited
people from using the system.

Most respondents in Richmond were well aware of
Dial-a-Ride. Of the 91 percent of those interviewed who
had heard of the service, the largest number had found
out about Dial-a-Ride by seeing the bus or reading about
it in the newspaper. Changes suggested by those who
had used the system fell into four categories: extension
of the service area, improvements in the system, im-
provements in the equipment, and driver practices.
Almost % of the suggestions were recommendations to
expand the service area. Only 10 percent of those in-
terviewed said that riders should have to wait less,

In Santa Barbara 73 percent of the respondents had
heard of Dial-a-Ride, Newspapers and personal con-
versations far surpassed all other sources of informa-
tion about the service. Of the 27 percent of the respon-
dents who had not heard of Dial-a-Ride, 75 percent
indicated that they would be interested in such a service
and 83 percent of this group stated that they would be in-
terested if they could travel anywhere within the city
limits for a fare of $1.00.

The age groups that showed the greatest degree of
interest were those 25 to 44 (41.6 percent of the respon-
dents) and those 65 and over (33.3 percent of the respon-
dents). This point is significant since the bulk of the
ridership was composed of elderly riders; people 25 to
44 constituted only 12.5 percent of the ridership. Thus,
there may have been a latent demand for such a service
among people of this age.

The other major finding was that 75 percent of the
respondents who expressed interest in dial-a-ride ser-
vice lived on the east side of town, where the greatest
proportion of low-income and minority persons are
clustered. It may be that, although these transit-
disadvantaged persons had great latent demand for DRT,
they had difficulty in obtaining information about Dial-a-
Ride (perhaps because of a language barrier) or in know-
ing how to use the system.

None of the respondents who had used the service in~
dicated use within the previous week and, from the com-
ments and desired changes mentioned, it can be assumed
that they were all former users., Among these former
users, 85 percent were female, and 71 percent were 65
or older, while the remaining 29 percent were between
45 and 59 years of age. Also, newspaper items and per-
sonal conversations were the only two sources by which
they had found out about the dial-a-ride service. While
the suggestions for change in Richmond dealt mainly with
expansion of the service area, the Santa Barbara respon-
dents were concerned with three more basic factors:
waiting time, cost of service, and reliability.

Operator Evaluation

From the point of view of the operator, patronage fig-
ures and the operating deficit are the main indicators of
system performance. In both Richmond and Santa Bar-
bara, patronage figures were below the original goals
of the system operators.

In Richmond, the highest number of riders to use the
system on any single day was 1103 on April 16, 1975 (a
Wednesday), and the lowest number was 385 on Septem-
ber 22, 1974 (a Sunday). The consultants projected pa-
tronage at a level of 1000 per day by the end of the first
6 months of operation and 2000 per day after 18 months
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(6, p. 4-1). The control supervisor had his own goal~—
3500 per day by the end of the first year. After Christ-
mas 1974, dial-a-ride patronage began to drop and in
January 1975 it leveled off at about 850 per day.

On August 26, 1973, the Santa Barbara News-Press
featured a story (2) that quoted Ernie Parks, the system
operator, as saying "the La Habra system was carrying
500 customers a day within 8 to 12 weeks, and that's the
goal in Santa Barbara.'" The hoped-for patronage of 500
per day never materialized. When the system first
started, there were some Fridays when ridership reached
200, but on the average patronage fluctuated around 110
to 120 from September 1, 1973, to September 30, 1974.

In October 1974, the fare was increased from 60 cents
to $1.20, with a subsequent decline in patronage to half
the former level. Between October 1, 1974, and Decem-~
ber 25, 1974, ridership averaged 60 to 70 passengers per
day. It is interesting to note that the industry's rule of
thumb is a decline of 3 percent in passengers for an in-
crease of 10 percent in fares (7). Santa Barbara's fare
increase of 200 percent should therefore have produced
a 60 percent decline in patronage (66 to 72 passengers
per day). As in Richmond, there was a further decline
after Christmas that brought the average patronage to
20 per day.

A sizable operating deficit posed the greatest threat
to the continued existence of Richmond's dial-a-ride op-
eration. The estimated net operating loss for 1975 was
$1 018 062 (4). This was equivalent to a net operating
loss per passenger of $3.73, assuming 272 711 passen-
gers per year (747 passengers per day).

Santa Barbara's dial-a-ride system was also a deficit
operation, but the size of the deficit was minuscule com-
pared with that for Richmond's system. The operation
usually managed to break even by means of fare in-
creases, It finally had an annual net operating deficit of
$3000 and a deficit per passenger-trip of 60 to 65 cents
at a patronage level of 20 passengers per day.

OVERALL EVALUATION
Efficiency

To determine the efficiency of the two systems, I have
looked at two performance measures—operating cost,
expressed as cost per kilometer and cost per passenger,
balanced against the increase in mobility afforded by the
services, and vehicle productivity,

Although any increase in mobility and the associated
value of this increase are difficult to measure, it is pos-
sible to suggest some criteria for judging how well the
systems are satisfying the needs of transit-disadvantaged
people.

Criterion 1: Number of Created Trips

Only 16 percent of the total users in Richmond (714
passenger-trips per day) indicated they would not have
made the trip if Dial-a-Ride did not exist, Of these
created trips, 31 percent were shopping trips, 25 per-
cent were for medical purposes, 19 percent were social-
recreational, 13 percent were to work, 6 percent were
to school, and 6 percent were for personal business. Of
those riders who did not have a car available, 21 percent
would not have made their trips if Dial-a-Ride had not
existed, while 20 percent of the nondrivers would not
have made their trips without Dial-a-Ride. Projecting
the 16 percent figure over an entire day yielded 112
created trips per day.

In Santa Barbara, induced demand was responsible
for only 10 percent of the total trips (three riders)—one
medical trip, one trip for personal business, and one
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shopping trip. If mobility was created for only three
out of 32 passengers surveyed and there were usually

20 passengers per day, this would suggest that less than
two trips per day were created trips.

Criterion 2: Number of Passengers
Substituting From an Inferior Mode

Inferior modes include taxicab (because it provides
nearly the same service at a higher price), fixed-route
bus (which lacks the door-to-door feature), walking
(which is not safe and exposes people to the weather),
and other (hitchhiking, motorcycle, bicycle, and so on)
(3, p. 54).
~ In Richmond, 42 percent of the passengers substi-
tuted from fixed-route bus, 13 percent would have
walked, 6 percent would have taken a taxi, and 3 per-
cent would have used another means of transportation.
Thus, 64 percent of the total passengers surveyed (448
riders/day) were benefiting from improved mobility.
In Santa Barbara, 50 percent of the passengers sub-
stituted from taxi, 25 percent from fixed-route bus,
and 5 percent from cab or bus; no passengers indicated
that they would have walked or used another mode not
listed. Thus, 80 percent of the passengers (16 riders/
day) were benefiting from improved mobility.

Criterion 3: Number of Passengers From
Areas Not Well Served by Fixed~Route
Transit

Although exact numbers were not available, analysis
of the trip tickets in Richmond showed that most of the
riders were from the census tracts in the southwestern
portion of the service area (6, p. 4-8), which is poorly
served by transit lines, Although there are several
lines in the area, many of the residents live more than
0.4 km (0.25 mile) from the nearest bus stop. The rest
of the service area appears to be adequately covered.
In Santa Barbara, the origins and destinations of all
81 passenger-trips recorded by the interviewers were
mapped to determine which trips had either their origin
or destination in an area poorly served by buses., Ex-
cluding those trips made outside of the service-area
boundaries, only five of the passenger-trips had their
origin or destination in an area not well served by a
bus line. No attempt was made to determine the exact
distance each origin and destination was located from
the nearest bus stop. A more thorough analysis would
also have considered the number of transfers required
as an indicator of transit coverage.

Criterion 4: Number of Passengers Who
Have Difficulty Walking More Than a
Block or Two

No information was collected for Richmond on the num
ber of passengers who had health problems that made
walking difficult. In Santa Barbara, % of the passen-
gers surveyed (7 riders/day) indicated that they had
health problems that made it difficult for them to walk
more than a block or two.

Criterion 5: Number of Riders Who
Would Have Been Automobile
Passengers

Some people would have had to impose on another per-
son to drive them if it were not for dial-a-ride service.
In Richmond, 15 percent of the riders surveyed (105
people) indicated they were in this situation, as were 3
persons in Santa Barbara (approximately 10 percent of

the total riders).

Two cost measures commonly used in the transit in-
dustry are operating cost per vehicle-kilometer and op-
erating cost per passenger-~trip, These measures are
shown below.

Iltem Richmond Santa Barbara
Operating cost/vehicle-kilometer, $ 3.89 0.43
Operating deficit/vehicle-kilometer, $§  3.65 0.16
Operating cost/passenger, $ 3.98 1.60
Operating deficit/passenger, $ 3.73 0.60

It is apparent that the operating cost per passenger
of the Santa Barbara service is less than half the cost
of the Richmond system (and the cost per vehicle-
kilometer is one-ninth the cost in Richmond). Rich-
mond's operating deficit per passenger-trip is more than
six times that of the Santa Barbara operation. Since the
average revenue per taxi trip in Richmond is $1.95, the
gap between the operating deficit and taxi fare makes the
problem even more apparent,

The tremendous difference in cost between the two
systems is primarily attributable to the high transit
wages prevailing in the Bay area. An AC Transit bus
driver receives an average wage of $6.85 per hour.
Controllers are paid between $5.42 and $6.84 as an
hourly base wage. In addition to labor, the overhead
costs of the control center are a major expense.

Vehicle productivity —the key indicator of economic
performance—was defined earlier as the average num-
ber of passengers per vehicle per hour. Based on ex-
perience from other DRT systems, vehicle productivity
in the many-to-many mode generally averages 7.0 (8).
Maximum achievable productivity to date is 15 to 20,

The goal in Richmond was to achieve a vehicle pro-
ductivity of 10 passengers per vehicle-hour. As of April
23, 1974, the average productivity was 6 to 7 riders per
vehicle-hour.

In Santa Barbara, vehicle productivity was extremely
low—approximately 2 passengers per vehicle-hour. When
patronage levels were 110 to 120 passengers per day and
two vans were in service, productivity was probably
about 6 passengers per vehicle-hour.

Thus, the number of passengers carried per vehicle-
hour in each system was low, indicating an inefficient
use of the vehicles.

Equity

A case has been made to show that approximately 1 out
of every 44 residents in the Richmond service area (or

1 out of 88, if each passenger made a round trip) bene-
fited from Dial-a-Ride each day, while the burden of op-
erating costs was borne by a much wider range of indi-
viduals. The 25-cent fare paid by the user represented
only 5 percent of the total cost of operation. The re-
maining 95 percent was paid by six different entities.

1. AC Transit (ultimately the taxpayers of the dis-
trict)—It suffered loss of revenue on fixed-route lines,
since 42 percent of the dial-a-ride users had switched
from regular buses.

2. Taxpayers at all levels—The taxpayers of the AC
Transit District shouldered the greatest portion of costs,
$925 000 worth of operating costs for the year. In addi-
tion, the $200 000 supplied by MTC was derived from
state sales-tax funds. Finally, the capital cost of re-
furbishing the buses was financed by means of a $125 482
federal grant, money that was acquired through federal
income taxes.

3. The city of Richmond —Some expenses for pro-



moting subscription service were financed out of the
city budget.

4, Veteran's Yellow Cab Company—Switching of
passengers from taxi to Dial-a-Ride cost the taxi com-
pany between $500 to $700 in revenue each day, and 12
jobs were displaced by the dial-a-ride operation.

The financial burdens of the dial-a-ride operation
must be weighed against the benefits. Four different
categories of beneficiaries can be identified.

1. The transit disadvantaged, in particular, the
nondrivers and members of households without automo-
biles, residents of low-income areas, and young people;

2. AC Transit personnel employed specifically for
the operation;

3. Richmond residents, since they received extra
police service as a result of Dial-a-Ride; and

4, All Bay area residents, since Dial-a-Ride was
used as a model for the rest of the Bay area.

In Santa Barbara, the major cost of the service was
borne by the users themselves, while the small oper-
ating deficit was covered by Yellow Cab. There were
no nonuser impacts or financial burdens.

The primary beneficiaries of the service were the
senior citizens and the handicapped, although other
categories of transit-dependent people also used the
service less frequently,

CONCLUSIONS

The main conclusion to be drawn is that the Richmond
operation was a public investment that was not worth
the cost. Although almost 1000 people used the ser-
vice daily, the transportation needs of these transit-
dependent people were not being met in the most effi-
cient manner possible, as witness the fact that it would
have been cheaper to subsidize them to ride taxis.

On the basis of the evidence presented in this study,
it seems fair to suggest that the advantages of privately
provided dial-a-ride services outweigh the benefits of
publicly provided DRT systems at this point. Not only
is there a greater opportunity for equity inherent in this
approach, but the gains in efficiency resulting from
lower labor and fixed costs are notable, If taxi drivers
were to unionize, however, the wide gap between labor
costs in the private and public sectors would diminish,

A need for some type of personalized transportation
exists, and DRT will become even more important in
the future. There are still too many travel needs that
cannot be met by conventional fixed-route systems.

The major issue is not whether Dial-a-Ride should ex-
ist, but rather to find the right institutional structure
for providing it.

When the Richmond and Santa Clara County dial-a-
ride operations were first initiated, some people specu-
lated that Dial-a-Ride would eventually put the taxi sys-
tems out of business. This seems not to have been the
case. It appears, instead, that the role of the taxi in-
dustry may be changing. It is not yet clear just what
form this evolution will take, but spokesmen for the
taxi industry have already acknowledged their interest
in meeting the challenge of providing shared-ride ser-
vices, It is now time for decision makers to give the
private sector an opportunity to prove itself.

Some of the lessons that can be learned from the
Richmond and Santa Barbara dial-a-ride experiments
and applied to future systems are listed below.

1. If a privately owned DRT system is to accomplish
social objectives, three elements will be required: con-
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tinuous advertising and promotion, perhaps publicly sub-
sidized; widespread community support, especially the
backing of local government officials and other transit
operators in the area; and some means of guaranteeing

a minimum level of service.

2. Transportation provided by the private sector
need not entail discourteous, irresponsible drivers and
low service standards.

3. Higher rates of vehicle use can be achieved by
providing demand-responsive service only during periods
when fixed-route headways are longest in areas that al-
ready have good arterial systems, conducting package-
delivery service during slow periods of the day, and
using the DRT system to replace or integrate paratransit
services now provided by individual social agencies or
organizations with volunteer drivers.

4, A 25-cent fare is too low for demand-responsive
service, A fare of 50 cents would not be unreasonable.

5. In assessing quality of service, passengers ap-
pear to be more concerned with waiting time than with
attractiveness of the vehicle,

6. Only a community that contains a significant num-
ber of major activity centers should be chosen for opera-
tion of a DRT system.
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Dial-a-Ride Service
in Santa Clara County

Robert C. Carlson, Department of Industrial Engineering, Stanford University

Late in 1974 and early in 1975 the Santa Clara County Transit District
initiated, operated, and then discontinued a demand-responsive dial-a-ride
system within a span of 5% months. This system'’s failure was primarily
the result of poor systems planning. Specifically, four major mistakes led
to the death of the system: an inadequate customer communication sys-
tem, starting the entire system at once, an inadequate number of vehicles,
and taxicab buyout. Each of these four mistakes is discussed in detail,
and recommendations are made for instituting dial-a-ride systems. Getting
through the difficulties of the start-up period is emphasized. Costs are
discussed, and some relevant cost data are presented.

In January 1973, the Santa Clara County Transit District
(SCCTD) took over the ownership and operation of all
bus systems in the county, which has a population of ap-
proximately 1 150 000 and covers a service area of 518
km? (200 miles®), The fleet size was 50 buses at that
time. The vaguely stated goals of the SCCTD included
serving all the people, providing high-quality service,
and providing a transit opportunity for 97 percent of the
population. Clearly such goals could not be simulta-
neously met with a fleet nf 50 huses  especially in view
of the other goals, which included reliability and rea-
sonable speed and trip time. In fact, it has recently
been estimated that a fleet of 680 vehicles would be re-
quired to accomplish the goals of the SCCTD, assuming
the current level of demand (1).

In an attempt to overcome these difficulties, the
Transit District Board, acting on the staff's recommen-
dation, decided to institute a countywide demand-
responsive transit system to augment a relatively mea-
ger fixed-route arterial system, This new Arterial/
Personal Transit (APT) system began operation in No-
vember 1974, when the fleet size was expanded to 212
buses. Since, even with 212 buses, the goals of the
SCCTD could not be met with a single or an integrated
series of arterial systems, it was hoped that a dial-a-
ride (DAR) system could be established that would pro-
vide all county residents, rural as well as urban, with
the same opportunity for low-cost transit. Ironically,
this reasoning proved to be correct. However, the
level of service of the resulting transit opportunity was
so bad by any measure and the cost of providing DAR
service was so high that the demand-responsive portion
of APT was discontinued in May 1975, except in the
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sparsely populated extreme southern portion of the
county, where DAR was continued with 6 vehicles,

Thus in the short span of 5% months, the SCCTD ini-
tiated, operated, and finally dismantled the largest
demand-responsive system ever attempted in the United
States. The costs of this brief attempt were significant
both in terms of dollars and in terms of other less quan-
tifiable but certainly no less real costs, Officials of the
SCCTD have called the adventure a technical success,
which is rather like saying that the surgery was success-
ful but the patient died. In fact, little in the way of new
technology was employed in the DAR system, Most of
the original 75 vehicles used on DAR were new, air-
conditioned, and propane powered, but they certainly
were not of a new untested technology. Likewise the
computer-assisted scheduling and routing system was
nearly identical to, and in fact was an outgrowth of, the
system in operation in Haddonfield, New Jersey. Finally,
the telephone reservation system was using the most
tested technology of all. Hence, there was no reason to
exnect anvthing other than a technical sueccess,

This is not to say that all of these technological sub-
systems were integrated in such a way as to achieve a
systems success. It is clear that they were not. But it
is important to note that the systems failure resulted not
from the technological components of the system failing
to perform up to expectation but from a poor job of sys-
tems planning. This is not to say that the difficult things
were done well and the easy things were overlooked. Sys-
tems planning is not easy. It consists of integrating all
of the subsystems into a workable and efficient overall
system, and it involves the consideration in detail of the
effects that each subsystem has on all other subsystems.
Unfortunately the systems planning function is often as-
sumed to be easy, to involve only the application of com-
mon sense, and to be secondary in importance to the op-
timal design of subsystems. These assumptions inevi-
tably lead to suboptimization and only by chance to an
efficient and successful overall system design. While
it is true that common sense plays a vital role in sys-
tems planning, this in no way diminishes the importance
of, difficulty of, and time required for good systems
planning,

While the systems planning function was badly handled,



if not ignored, in the design of the APT system, the
purpose here is not to place blame but to point out some
mistakes —specific omissions in the systems planning
process—that were costly and that led eventually to the
demise of DAR in Santa Clara County. The hope is that
the discussion of these mistakes will reduce the proba-
bility of their being repeated in other DAR systems.

Post mortems are rarely performed on systems that
have failed, since those with the greatest knowledge of
the system have often played key roles in its failure and
are not anxious to have the results any more widely pub-
licized than is necessary. This lack of documentation
unfortunately leads to the repetition of the same mis-
takes in other systems. In the field of public transpor-
tation, this results in placing high values on profes-
sionals who have operating experience and have been
exposed to mistakes and failures. The experienced
professional knows what does not work and is less likely
to make mistakes. This is of the utmost importance
since the costs of mistakes in public transportation sys-
tems can be gargantuan,

It may be of greater importance to discuss a systems
failure in a DAR operation than in other operations in
the transportation field because of the relative attrac-
tiveness of the demand-responsive concept. DAR has
a significant initial cost advantage over other innovative
transportation systems. The vehicle cost is relatively
low, no fixed-guideway construction costs are required,
the technology is available, and growth can be staged.
Thus many, and especially smaller, communities can
initiate such systems in a short amount of time and
without an enormous initial capital outlay. This favor-
ably low ratio of fixed costs to variable costs also pro-
vides flexibility; the system can be abandoned without a
total economic disaster. With these attractions, it is
expected that a large number of communities and transit
properties will at least experiment with DAR in the near
future. The following discussion will point out several
factors that led the SCCTD to a systems failure so that
others might not stumble over the same hazards.

FOUR FATAL MISTAKES

In the design of any system, it is inevitable that mis-
takes will be made. Most will have only minor effects
on the eventual success of the system in question, Cer-
tainly this was the case in the DAR system in Santa
Clara County. These mistakes, while regrettable, are
of no concern here. Our interest here will be directed
toward four major mistakes that together led to the
death of the DAR system. Even though each was a seri-
ous error, the system probably could have survived any
one of them; together they were fatal, They will be re-
ferred to as follows:

1. Inadequate customer communication system,
2. Starting the entire system at once,

3. Inadequate number of vehicles, and

4, Taxicab buyout.

Although the second and third are closely related in this
instance, they represent different pitfalls and thus will
be discussed independently.

Inadequate Customer Communication
System

DAR began operation in the SCCTD on a Sunday; by the
following Wednesday virtually everyone in the county
had a horror story to tell regarding the telephone com-
munication system. Typical reports had complaints in
one (or more) of the following three categories:
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1. Number of attempts resulting in busy signals,
2. Holding time once a call was completed, and
3. Service time once a reservationist was reached.

During the first few weeks it was not at all uncommon
for a potential customer to place calls over a 2- to 5-
hour period before completing one. Many people gave
up on DAR very early in its life because they were un-
able to even complete a call. Once a call was completed,
the caller was placed on hold, where he or she often
stayed for 45 min or more before ever even speaking to
a human being. At the end of this agonizing process, the
reservationist took up to 20 min to complete the reserva-
tion procedure and communicate the information to the
caller. Worse yet, the reservationist sometimes told
the caller that it was too early to make this particular
reservation and that the caller would have to try again
later.

Several poorly solved or unanticipated problems led
to the situation just described. First, and probably most
importantly, the time the customer and reservationist
needed to complete their communication was grossly un-
derestimated —particularly for the start-up period—at
30 s per call, This seems to be an unrealistically low
estimate even for a mature system in which both the
customer and reservationist are knowledgeable about
the information that must be transmitted and the proce-
dures to be used. For example, Alameda-Contra Costa
Transit in Oakland, California, used an estimate of 45
to 60 s in planning their systems in Richmond and Fre-
mont. In the start-up of the SCCTD system, the reser-
vationists were inexperienced in handling customer calls
and took significantly longer to consult maps, procedural
guides, and supervisors than they would in a mature sys-
tem. Even worse was the fact that the callers had al-
most no knowledge of the system, of how the system
could be used, or of the information required and the
procedure for making a reservation. Thus the informa-
tion interchange was terribly inefficient,

In addition, many of the calls during the first few
weeks were calls from people who wanted to learn about
the system and how to use it but did not wish to make
reservations, At first these calls were handled by reg-
ular reservationists who were not well trained to provide
general information about the system. These calls re-
quired an average of 6 to 9 min of communication. The
result was that a caller spent an unusually long time
talking to a reservationist and frequently ended up not
even making a reservation, The number of telephone
lines and the number of reservationists proved to be
totally inadequate to serve the realized calling volume,

Eventually this situation eased, but the damage had
been done. More telephone lines were obtained, more
reservationists were hired (the number of reservation-
ists was increased from 55 to 155), customers began to
call only for reservations as they learned about the sys-
tem, and both customers and reservationists became
more knowledgeable, resulting in faster and more effi-
cient information transfer. Thus the time required to
make a reservation decreased to about 45 s, but some
potential customers had been lost forever. The disas-
trous early days had made many citizens permanent
enemies of DAR, Most of these were transit-dependent
people who were doubly hurt since they were not only un-
able to ride on DAR but had also been deprived by the
cutback of fixed-route arterial service that accompanied
the initiation of demand-responsive service. Many
people gave up on DAR very early, but they continued
to be vocal opponents of the system throughout its life,
as well as opponents of the SCCTD in general. As large
as the dollar cost of DAR was in Santa Clara County, it
is much less significant than the residual sentiment
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against public transit that remains and probably will
continue for quite some time,

Clearly then a mistake was made in not providing
adequate service capacity in terms of telephone lines
and reservationists. This was especially true during
start-up and resulted in part from an unrealistically
low estimate of communication time. However, there
is another reason that the calling volume overwhelmed
the system. The SCCTD undertook a large advertising
campaign before beginning the DAR service. County
residents were bombarded via several media with mes-
sages extolling the virtues of the soon-to-be-initiated
system. The advertising was very effective in creating
interest in the new system, but it conveyed almost no
information about how to use DAR. This added greatly
to the initial calling volume, especially the large num-
ber of information-only calls.

A few recommendations seem to follow directly from
the problems caused by the inadequacy of the customer
communication system., First, care should be taken
not to overadvertise the system before beginning its op-
eration, It is desirable to have a small initial calling
volume, with subsequent advertising, if necessary, to
increase the volume as the reservationists become more
skilled in handling calls. This will maintain a balance
between the demands on the communication system and
its call-handling capacity. Second, advertising should
contain information on how to use the system. Third,
during start-up, special information operators should
handle questions regarding the system, leaving reserva-
tionists to perform their special task. In this way, the
bulk of the queuing will occur initially in the information
area and will not tie up the reservation system. This
will prevent the anomaly of having too few vehicles to
serve the customers, but simultaneously having those
vehicles underused because customers cannot get reser-
vation calls through.

Fourth, for a period of 1 to 2 weeks before the initi-
ation of service, an information number should be avail-
able for questions about the system. Instructions can
be given on how to use the system and how and when to
make reservations. This personalized information ser-
vice should be widely advertised, and the telephone num-
ber can continue to be the information-only number after
service begins, Fifth, realistic (even conservative) es~
timates must be made of the communication time re-
quired to make reservations. Further, recognition that
this time will decrease as the system matures through
the use of elementary learning curves is recommended.
The importance of these estimates cannot be overem-
phasized since, together with estimates of the volume
of calls, they determine the required number of tele-
phone lines and reservationists for a given level of ser-
vice. Finally, the system should start small and grow
as the reservationists learn more about their jobs, the
system, the geography of the area, and the arterial
routes. That is, of course, the second of the great mis-
takes made in the Santa Clara County system.

Starting the Entire System at Once

The DAR system served essentially the entire county
from the first day service was offered. As a conse-
quence, all mistakes had large impacts and all prob-
lems were systemwide from the very beginning. With
large expensive problems always at the forefront of
public attention, the staff of the SCCTD had no choice
but to constantly be putting out fires. They had essen-
tially no time for even short-range planning during the
5%-month life of DAR. The system soon became a
hodgepodge of the initial design plus the design changes
made to correct immediate problems. Most of theseim-

mediate problems were not unusual or unusually difficult;
they were the kind that always arise when a new system
is implemented. Given sufficient time to work on them,
the SCCTD staff would probably have solved them effi-
ciently, but the magnitude of the system multiplied the
visibility of the problems and, hence, the importance
placed on their immediate solution. This time pressure
on the staff meant that the systems aspect of the problem
in particular was largely ignored. That is, not enough
time was spent determining how that part of the system
under examination interacted with other parts and thus
how the various alternative solutions to the problem af-
fected other parts of the system. Predictably, these
patchwork solutions nearly always created new problems,
and the staff ended up chasing its tail.

An example of this is the manner in which the prob-
lem of inadequate call-handling capacity was handled.
The public outcry caused the Transit Board to direct the
staff to immediately increase the number of telephone
lines and reservationists, This increase of more than
60 percent was more than could be efficiently and ade-
quately trained and supervised, so the call-handling ca-
pacity was not increased sufficiently. In response, even
more telephone lines and reservationists were added.
Their insufficient training and supervision led to in-
creased call-handling times. To counteract this, an
automated "address look-up" file was added to the com-
puter system, but the file-maintenance system necessary
to keep the file updated was never implemented. Thus,
although reservations could be made more quickly, the
accuracy of the file deteriorated with time; this of course
degraded the entire system,

Another example comes from the relationship of DAR
to the fixed-route system. Shortly after demand-
responsive service began, the fixed routes were modi-
fied, with the new routes determined at least partially
by DAR zone boundaries. They were less extensive than
the old routes because fewer buses were available. The
idea was that areas not well served by the new routes
could be served by DAR. Intense public pressure forced
the SCCTD to resume service on some old routes. This
not only took buses away from an already vehicle-
deficient DAR system, but it also added routes somewhat
randomly to an existing network without considering how
they interacted with existing routes.

There are several reasons that public systems tend
to be put into operation all at once, some of which have
to do with optimal systems design and economics. How-
ever, the reasons are often purely political, as in the
case of the SCCTD. It is difficult to tell the county resi-
dents, most of whom are voters, that a new transporta-
tion system providing high-quality service is going to be
available in only a limited section of the county, even
though all county residents are paying for the costs of
the system. This is especially true when the new sys-
tem is not experimental but is intended to eventually be
part of the total county public transportation system.

As politically difficult as initiating a DAR system in
only a portion of the county (or any overall service area)
may be, the recommendation is obvious. Start the sys-
tem small and let it grow as capabilities increase and
normal problems are solved. We have already seen that
this can have the beneficial effect on the communication
system of keeping the demands on that system in balance
with the capacity. Here we have seen that, with an ini-
tially small system, the normal and expected problems
will not be magnified to an extent that will result in a
public outcry. An added bonus of starting small is that
some overcapacity will likely exist, which can be used
to make certain that the level-of-service goals decided
on are met. These goals must of course be realistic,
so as not to create a crisis in expectations when the sys-



tem is enlarged to its eventual size. Meeting the level-
of-service goals will result in satisfied customers, who
will be friends of DAR and probably proponents of public
transportation in general.

Inadequate Number of Vehicles

Throughout the life of DAR in Santa Clara County, the
number of vehicles was inadequate for the established
level -of-service goal, which was specified as a waiting
time of 5 to 10 min for DAR (1). To achieve this level
of service, 334 buses would have been required during
the peak commuting periods and 210 buses for the aver-
age midday demand in the SCCTD (1). What actually
occurred was that about 75 buses were assigned to DAR
during midday and between 40 and 50 for the peak com-
muting hours. Due to vehicle breakdowns and routine
maintenance, between 5 and 10 of these buses were not
dispatched during any given day. Thus 65 to 70 buses
were available when at least 210 were required to meet
the goals set by the SCCTD. It may be that the 5- to
10-min waiting time level-of-service goal was unrealis-
tic and more than people were willing to pay for. Never-
theless, it was a stated goal and contributed to the afore-
mentioned crisis in expectations.

The inadequate number of buses led to unacceptably
long waiting times in some cases and very unreliable
service, The long waiting times were especially bad
for transit-dependent people with no alternative modes
of transportation, and they complained bitterly. For
others, the long waiting times simply meant that another
mode of transportation would be selected; many learned
not to even consider DAR as an alternative unless they
were able to plan their trips far in advance. Thus DAR
was not useful for the spur-of-the-moment trip, the
very kind of trip that it should serve, since the alterna-
tive is usually the automobile carrying only one person.

The unreliability of service, however, had a far more
devastating effect on customers. People were afraid to
use DAR because of the uncertainty of being picked up
for the return trip. There were numerous letters pub-
lished in local papers recounting stories of people being
stranded in some remote and unfamiliar location. Given
that they had taken DAR to that location, their alterna-
tives for the return trip were significantly reduced.

The problem of stranded customers may not be pri-
marily due to the shortage of vehicles. A person plan-
ning a trip may not know exactly when he or she will be
ready to return and may therefore make only one reser-~
vation. If, when the customer is ready to return and
calls to make the reservation, he or she is given an un-
realistically long waiting time, like 1 or 2 hours, this
customer has been effectively stranded due to a shortage
of vehicles. However, consider the case in which reser-
vations for the return trip are made at the same time as
the reservation for the outbound trip. In this case the
customer is stranded if the bus for the return trip is
unduly late. If there is a telephone within walking dis-
tance, a call can be made to check the reservation, but
this involves the risk of missing a bus that arrives while
the call is being made. If a telephone is not available,
the customer cannot even call a cab. Thus stranding
can occur even when the number of vehicles is adequate;
it can result from breakdowns in routing, scheduling,
or reservation accumulation. It is probably the worst
thing (other than physical harm) that a transportation
system can do to a customer. Stranded customers com-
pletely lose confidence in the system, and they will not
continue to use it if they have alternative means of
transportation.
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Taxicab Buyout

The fourth mistake was the straw that broke the camel's
back, since its effects became known after the effects of
the other mistakes were apparent. Early in January
1975, the Santa Clara County Superior Court ruled that
the SCCTD must either discontinue DAR or immediately
begin negotiations to buy out eight competing taxicab
companies that were then operating in Santa Clara County.
The presiding judge ruled that the SCCTD was operating
in violation of the legislative act under which the SCCTD
was formed. This act rather clearly specified that if the
SCCTD initiated a service that competed with any exist-
ing public transit operation, the district must either
compensate the competing system or buy them out. It
was clear from the beginning that the taxicab companies
were a public transit operation. However, the staff of
the SCCTD took the position that DAR was not in compe-
tition with them primarily due to the shared-ride nature
of DAR and its circuitous routes with multiple scheduled
pickups and drop-offs. The Superior Court did not agree
and held that the door-to-door service of DAR, the fact
that routes and schedules were not fixed, and the use of
the telephone to make reservations taken together made
DAR a service essentially similar to and hence in com-
petition with the taxicab companies.

Immediately following this ruling, the Transit Board
voted to continue DAR and begin negotiations with the
taxicab companies. Before negotiations reached the
point at which offers were made, DAR was dropped in
all but the southern portion of the county, where it con-
tinues with six vehicles, Based on the cost of the taxi-
cab buyout in the southern portion and other estimates,
it is estimated that the total cost of the countywide buy-
out would have been in the neighborhood of $1,5 million.

The major mistake in connection with this ruling was
one of omission. The taxicab competition issue should
have been resolved before the system progressed past
the initial design stage. The resolution of that issue
would have had a bearing on what kinds of service DAR
should have provided and on what the vehicle mix should
have been. Furthermore, a cost of the magnitude of
$1.5 million and the necessity of providing taxilike ser-
vice could have had an effect on whether or not the
SCCTD still wanted to go ahead with DAR. It is there-
fore recommended that all legal issues be carefully ex-
amined and resolved as far as possible well in advance
of the final system design stage of a DAR project. This
is especially true with respect to issues involving the
possibility of driving extant privately owned firms out
of business. Regardless of the provisions of transit acts
and public utility codes, the courts are probably not go-
ing to look kindly on the use of public funds to subsidize
public transit organizations in competition with already
existing private companies.

COSTS

Even though the costs of the SCCTD DAR were not un-
usual as DAR systems go, costs are worth discussing
briefly because they are relatively high in any DAR sys-
tem, If a system is initiated and none of the foregoing
mistakes is made, nor any other serious mistakes, the
system could still be an economic failure due to the
failure to realize that the system is so costly. The
problem is the gross mismatch between revenues and
costs in a DAR system such as Santa Clara County's.

A large number of cost and revenue figures are avail-
able (1) and could be presented, but the three shown be-
low are sufficient to indicate the magnitude of the prob-
lem. For comparison purposes, data from the Haddon-
field DAR system are also shown, The Haddonfield data
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are for the period from October 20, 1973, to January
31, 1974, and are taken from a recent report (2),

Productivity Revenue Cost

{riders/ ($/ ($/
System vehicle-hr) vehicle-hr) vehicle-hr})
Santa Clara DAR 5 0.75 20-21
Haddonfield DAR 8 2.26 19.25

Note that, although the Haddonfield cost figure is
about 6 to 7 percent lower than that for the SCCTD, the
data from Haddonfield were collected one year earlier.
The particular period selected for Haddonfield's data
was just following a fare reduction from 60 to 30 cents.
Thus both the fare schedule and the costs were very
similar to those experienced by the SCCTD. This is
not unexpected since the systems are both relatively
new and very much alike in most respects. The major
difference is in the size of the service area; Haddon-
field is about 28 km? (11 miles®) and the SCCTD serves
about 518 km® (200 miles®). The tremendous start-up
difficulties of the SCCTD's system, described earlier,
account for the low productivity. Haddonfield, having
begun operations in February 1972, is a more mature
system. Finally, the revenue for Haddonfield is higher
due to both a higher productivity and a higher average
fare.

The numbers shown should not be considered exact.
They are subject to considerable error in measurement,
and it is almost a certainty that they are calculated in
at least slightly different ways in the two systems. How-
ever, even with this in mind, there are two significant
points to be made. First, the costs incurred by the
SCCTD system do not seem to be out of line for the type
of system they chose to implement. Second, there is a
huge gap between revenues and costs in the SCCTD sys-
tem, and this gap would remain even if the productivity
doubled. In fact, if the productivity tripled to 15, which
is the level in SCCTD for scheduled commuter-special
buses and also for arterial bus routes (1), the revenue
would increase to about $2.25/vehicle-h, assuming no
change in fare structure, A large gap would still re-
main between revenues and costs. A productivity of
15 is certainly an upper limit for many-to-many DAR
services, and 10 is probably a much more reasonable
upper limit. These are staggering and sobering figures,
but they must be considered when decisions are being
made regarding the cstablishment of 3 DAR system.
CONCLUSIONS AND
RECOMMENDATIONS

For the four major mistakes discussed earlier, detailed
recommendations have already been made. However,
there are several other recommendations that should be
made for completeness. They do not necessarily per-
tain to mistakes made in the SCCTD system, or any
other system for that matter, but they do represent the
accumulated experience I acquired during my work on
DAR systems.

DAR should be considered for implementation only
in areas of low demand density, For the SCCTD the
overall productivity for arterial routes is 15 with some
routes achieving 70 passengers/vehicle-h during peak
periods (1). From this it is evident that arterial routes
can exploit high densities and achieve corresponding in-
creases in productivity. However DAR, by its very
nature, cannot take advantage of high density when op-
erating in the many-to-many mode. Because of the
multiplicity of trip origins and destinations, an increase
in productivity can be achieved only with a correspond-
ing deterioration in the level of service, However when

the demand density is low, arterial routes will suffer
low rates of productivity since buses are nearly empty
much of the time, If headways are increased in order
to increase productivity, for example, the level of ser-
vice will deteriorate. In summary, if demand density
is high, use arterial service because productivity can
be increased without a corresponding deterioration in
the level of service. If demand density is low, use DAR
because the level of service can be held to the desired
level without a corresponding decrease in productivity.

In addition to specifying arterial or DAR service on
the basis of the geographical characteristics of demand
density, the time characteristics can also be used. In
almost all geographical regions, demand density is
greatest during the peak commuting hours. For exactly
the same reasons discussed above, it is desirable to
curtail DAR service during these periods and replace
it with an arterial-like service that is scheduled and that
has a sharply reduced number of origins or destinations,
perhaps with gather or scatter modes of operation, which
have many origins and one destination or one origin and
many destinations, respectively. The objective is to in-
crease the productivity of the buses that are diverted
from regular many-to-many DAR service by taking ad-
vantage of the temporarily high demand density. Once
the peak period has passed, the buses return to regular
DAR activity, Even during peak periods, some buses
should continue to provide many-to-many service for
emergencies, for the handicapped, and for others who
for some reason are not able to use arterial or arterial-
like service, However, it must be clearly understood
by everyone that the level of service in the many-to-
many mode will deteriorate severely during these peak
periods.

A related issue that should be resolved before ser-
vice is initiated concerns the transportation of school
children. This is especially relevant for private schools
for which publicly supported school buses are not avail-
able. In many areas, the number of students to be trans-
ported could swamp the system during certain hours,
Essentially, the transit agency must determine whether
or not it wants to be in the school busing business and,
if so, how that function should be organized, This is a
very emotional issue for taxpayers whose children attend
private school. The right solution depends entirely on
the goals and resources of the agency and citizens in-
volved. The recommendation here is that the issue be
thoroughly discussed and decided upon before DAR ser-
vice is begun,

It is recommended that every new DAR system be
thought of as an experiment, regardless of the degree
of enthusiasm for and commitment to the new system.
This kind of attitude will greatly facilitate the routine
collection of data that will be important in making deci-
sions regarding the system. A recent report (3) detailed
the data that should be collected for the Haddonfield DAR
system, but it applies equally well to any DAR system.
This experimental attitude during the early stages of
systems planning will lead to the most efficient design
for data collection. During the early stages of any new
DAR system, a great many questions will be asked about
the system. The existence of reliable data logically and
efficiently summarized can immensely improve the
chances for a systems success,

The normal procedure is to initially purchase all ve-
hicles of exactly the same size, Under some circum-
stances, that may be the appropriate action. However,
since both large and small vehicles have advantages, it
is possible that a mix of vehicle sizes will be more effi-
cient. Large vehicles have the important advantage of
flexibility. These buses can easily be used for arterial
routes, bus pools, charter service, and so forth when



they are not being used in DAR sService. On the other
hand, smaller vehicles are less expensive, have lower
operating costs, and are more easily maneuverable on
residential streets. Due to the nature of DAR, it is
rare to have many passengers on board simultaneously,
and a vehicle that carries 10 to 15 passengers may be
more than sufficient. This has the added psychological
advantage of not having mostly empty large buses on
display for the taxpayers to observe. It is therefore
recommended that two or more vehicle sizes be con-
sidered, particularly if many-to-many service is going
to be maintained during peak hours.

Finally the question of what fare to charge must be
carefully considered. The SCCTD selected 25 cents,
which was felt by many to be too low, When DAR is op-
erating at or near its level-of-service goals, itis a
high-quality service; customers will realize this and
expect a reasonable fare. It is important to remember
that the fare serves two primary functions. It contrib-
utes to paying system costs and it helps to allocate a
scarce resource—transportation opportunity. The fare
will probably never even approach paying the operating
costs of the DAR system, but the gap between revenues
and costs can be minimized by a judicious choice of
fare levels.

It is also clear that in most places public transporta-
tion is being used as an instrument of social policy. The
young, the aged, and the handicapped are almost always
offered reduced fares. This has an effect on the overall
fare level since planners feel a social obligation to keep
the cost of transit within reach of the transit-dependent
citizens, who also tend to be poor. The use of the fare
as a rationing device gives the DAR operators a degree
of control over demand for the service. The estimation
or prediction of transit demand is one of the most diffi-
cult transportation problems in existence. It may be
wise to initiate DAR service at a fare larger than the
expected steady-state level to ensure that the system
will not be overwhelmed by initial demand. It will be
a relatively easy matter to reduce fares later when the
system is past the start-up difficulties. Also, this kind
of a change may provide valuable information regarding
the response of ridership to fare reductions.

The purpose of this paper has not been to criticize
but rather to analyze. A number of recommendations
have been made that may prove useful to systems plan-
ners in various stages of designing DAR systems, The
SCCTD's system was analyzed with respect to four
major mistakes to provide a case study in which issues
that seem now to be easily resolvable led to the death
of the system. The lesson is that no matter how good
the system or how talented the people involved a sys-
tems failure can, and probably will, result from a lack
of or a poor job of systems planning.

REFERENCES

1. Evaluation of Systems Design for Arterial/Personal
Transit Service. Bechtel, Inc., San Francisco,
Calif,, final rept., April 23, 1975.

2. Haddonfield Dial-a-Ride Project: Third Progress
Report, February 1973 Through January 1974. LEX
Systems, Inc., DAVE Systems, Inc., and Mitre
Corp., July 1974; Urban Mass Transportation Ad-
ministration, U.S. Department of Transportation,
Rept. UMTA-NJ-06-0002-74-4.

3. R. C. Carlson, D, Daetz, T. G. Eschenbach, D. L.
Jones, and J. V. Jucker. An Experimental Design
for the Haddonfield Dial-a-Ride Experimental Dem-
onstration. Department of Industrial Engineering,
Stanford Univ., Stanford, Calif., Research Rept. 14,
July 1974; Urban Mass Transportation Administra-

tion, U.S. Department of Transportation, Rept.
UMTA-CA-11-0008-74-2,

53



A Statewide Dial-a-Ride
Program

Gerald A. Geile, Urban and Public Transportation, Michigan Department of

In 1972 the Michigan legislature voted to make state funds available for
public transportation programs. This paper describes the kinds of pro-
grams undertaken with this support and explores the factors that have
made these programs highly successful.

We are quite proud of Michigan's statewide dial-a-ride
program, which has succeeded in providing a cost-
effective transportation service for the general public
in 28 communities. State-sponsored dial-a-ride service
has in turn given us the experience to implement addi-
tional paratransit programs for special groups. Among
these programs are 20 curb-to-curb transportation ser-
vices for the elderly and handicapped persons in rural
areas and metropolitan cities, 18 programs under sec-
tion 1662 in support of private nonprofit agency trans-
portation, and the nation's first regional transportation
system under section 147.

One of the lessons we have learned is that a state can
accomplish much on its own to expand mobility for its
residents. Our investment in a statewide dial-a-ride
program that covers 28 communities and carries 1.5
million riders a year has required less than 5 percent
of all state moneys allocated for public transportation.

I am certain it is within your financial and technical
capabilities to launch a dial-a-ride program similar to
Michigan's—similar, but not exactly like Michigan's
program, because there is no single correct way to de-
sign a dial-a-ride system. There is no magic formula
that, if followed faithfully, guarantees success or, if
altered, dooms your efforts. Each of our small-town
dial-a-ride systems is unique. Each one is managed
under a slightly different structure. Each one's oper-
ations are tailored to local needs. It is not because we
have found the correct procedure or scored a technolog-
ical breakthrough that our program is so well accepted
by such a broad range of communities. It is because
our program is tailored to local needs.

I believe Michigan's dial-a-ride programs are also
successful for two more reasons—the state, on its own,
willingly shouldered the risk of innovation and we
adopted a minimum-planning, maximum-implementation
approach to dial-a-ride.
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State Highways and Transportation

POLICY AND DECISION-MAKING
BACKGROUND

In mid-1972 Michigan, like many other states, saw its
transit services staggering into the last stages of finan-
cial collapse. Only nine of our largest cities had even
the remnants of a bus system—60-min headways and
rolling stock 12 or 15 years old. Cities as large as
Flint (population 350 000) periodically lost bus service
as local support was withdrawn. Middle-sized and
smaller cities had no alternative to the private auto-
mobile. In this respect, Michigan was much worse off
than many other states in which bus service survived in
many mid-sized communities.

It was clear to Governor Milliken and, fortunately,
to a majority of state legislators by 1972 that public
transportation is a necessary public service and one
that must be publicly supported like police and fire ser-
vice. After much debate, Michigan took an important
step in late 1972. The legislature approved diverting
0.5 cent of the state's 2.4 cents/liter (9 cents/gal) tax
on motor fuel into an exclusive fund for transit pur-
poses. This sum—about $22 million annually—was
shared at the outset by the nine surviving metropolitan
bus systems. Funds were used for operating aid up to
Yaof costs and as a 20 percent local match for federal
capital grants. Responsibility for public transportation
programs was incorporated in a new bureau of the De-
partment of State Highways and Transportation. The
State Highway Commission, advised by a Public Trans-
portation Council, sets policy for public transportation
programs.

Thus, we began in 1973 to rebuild a decent public
transportation system for our state. Our efforts began
in the nine cities with bus service still in place. Yet
we recognized that the need for a transportation alter-
native transcends urban boundaries. Gasoline in mid-
1973 cost the same 16 cents/liter (60 cents/gal) in
northern Michigan and was in just as short supply
there as in Detroit, More important, small towns and
rural areas contained the same (or greater) proportion
of elderly, poor, and handicapped persons—the mobility-
deprived—as our larger cities.

As we looked for a solution to the transportation prob-



lems of small and rural communities in 1973, we had to
look no further than Ann Arbor. An experimental dial-
a-ride program funded through the state had been in op-
eration there for two years. It had just won the over-
whelming support of voters in a campaign to levy an ad-
ditional property tax. Ann Arbor's dial-a-ride service
was successfully providing door-to-door on-demand
transportation to one Ann Arbor neighborhood that con-
tained roughly the population of a small outstate city.

If Ann Arbor could provide door-to-door bus service to
part of a large community, why couldn't a smaller city
provide the same service to all of its residents ?

Why not indeed ? The State Highway Commission and
Public Transportation Council decided to try. These
bodies approved a demonstration of dial-a-ride service
in nine outstate communities. We already had funding
to carry out such demonstrations at 100 percent state
expense under a section of an act that established the
General Transportation Fund. That act earmarked 10
percent of the fund's annual receipts to be used for dem-
onstration purposes—in the words of the act, 'to en-
courage ... application of new ideas and concepts in pub-
lic transportation facilities and services."

According to the Urban Mass Transportation Admin-
istration (UMTA), a demonstration is a controlled,
highly planned application of a theory in a limited field
test. An UMTA demonstration tends to be structured
like a laboratory experiment in which the success of the
program being tested is secondary to the opportunity to
collect data. If an UMTA demonstration succeeds, it
does so for precisely identifiable reasons. In contrast,
Michigan's definition of a transit demonstration is con-
siderably looser. We are willing to try an idea we think
will work and to demonstrate over and over again that
it will work in as many communities as are willing to
make a minimum commitment to our program.

THE FIRST DEMONSTRATION
PROGRAMS

On July 11, 1973, the State Highway Commission formally
approved a first-year dial-a-ride demonstration program
budgeted at $1.2 million. This money would start ser-
vice in nine communities selected from a list of 22 cities
with populations between 9000 and 35 000, excluding
those communities within the jurisdiction of a metro-
politan transit authority. Our plan was simple. We
would offer the first nine communities to show interest
in the program a one-year trial of dial-a-ride service

at state expense. We would buy vehicles and make up
operating deficits. We would establish an operations
headquarters, train drivers and dispatchers, apply for
radio licenses, and see to other details before service
was implemented, Average start-up and first-year op-
erating costs for a typical dial-a-ride transportation
(DART) system using four small vehicles turned out to
be $105 000. The local commitment required was min-
imal: a token $1000 contribution and a good-faith pledge
to retain service with partial local funding in the second
year, The state agreed to sign over title to vehicles and
radios in the second year for $1.00, so that all capital
equipment purchased by the state became local property.
Furthermore, the state continued in the second year to
underwrite up to Ya of operating costs through our regular
transit assistance formula.

The State Highway Commission's action approving
this kind of high-risk demonstration is perhaps unparal-
leled. UMTA certainly would not undertake such a risky
program, one unsupported by exhaustive preplanning.
For the state of Michigan to go into the field with a mil-
lion dollars and a relatively unproven paratransit tech-
nique and then to spread that program around nine com-
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munities on a first-come, first-served basis in less than
one year set heads shaking in amazement at UMTA. In
fact, the feedback we get suggests that Washington still
does not believe we have succeeded.

But we have succeeded. We have succeeded beyond
our hopes. Our first three DART systems began oper-
ating in February and March 1974, just 6 months after
the commission resolved to fund dial-a-ride programs.
By the end of 1974, 13 systems were in operation, scat-
tered around the state. In November of that year, our
infant program faced its first critical test. Special votes
on levying additional property taxes were scheduled to
determine whether voters in the first three communities
to adopt dial-a-ride would tax themselves to retain ser-
vice. Confident as we were that dial-a-ride was needed
and appreciated in small communities, we waited ner-
vously for those election results. We need not have wor-
ried. By approvals as high as 73 percent, all three com-
munities said yes to dial-a-ride.

And that has been the story ever since. Of 18 com-
munities to face the question of second-year funding, 11
approved special property taxes for dial-a-ride, and 7
agreed to fund it with existing local revenues. Not a
single state-sponsored DART system has been discon-
tinued. Clearly, Michigan dial-a-ride has scored its
greatest success at the grassroots level. Having seen
dial-a-ride in operation and having had a chance to use it,
local residents are overwhelmingly willing to pay for it.

And from our state DART experience, we have ex-
panded into paratransit programs for the elderly and
handicapped in 34 rural counties and 11 metropolitan
areas, which include commuter or supplemental bus
service in conjunction with metropolitan line-haul service;
a section 16b2 program in 28 rural areas; and a 3-county
section 147 program in our eastern Upper Peninsula. A
second 4-county section 147 project may be approved
this month.

One side effect of statewide dial-a-ride has been to
turn many skeptical legislators into strong supporters of
transit programs. Outstate legislators who bitterly op-
posed our first diversion of gasoline tax funds are now
convinced by the success of dial-a-ride in their districts
that public transit is indeed a worthwhile cause, That
change of heart has translated into expanded state funding
for our public transportation program.

Operationally, our systems are among the most ef-
ficient in the nation. The average subsidy per ride across
15 systems with one year of operating experience is $1.32,
the average waiting time is less than 20 minutes, pro-
ductivity per vehicle-hour averages 6.0, and the monthly
per-capita ridership is 0.33.

Our ridership and trip-purpose profile suggests the
kind of social impact dial-a-ride is having on small and
rural communities. Ridership is split about equally
among older persons, youngsters, and the general adult
public. A great percentage of the trips are made to a
downtown shopping area or to medical-professional
services.

About half of our passengers in one survey said they
would not have made the trip, or would have postponed it
until someone else could drive them, if dial-a-ride were
not available, The other half can be characterized as
riders by choice. In addition to providing first-class
citywide transit service for all residents, dial-a-ride is
giving the elderly and handicapped residents of Michigan's
small towns the kind of mobility most of us take for
granted.

I would also like to briefly touch on Michigan's car-
pooling experience. At the height of the 1973 gasoline
shortage, the state of Michigan launched a program to
encourage car pools among state employees. We used
a computer-aided matching system to bring riders to-
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gether and reserved the choicest spots in state parking
facilities for car poolers. At the most, we estimate
this effort removed about 250 cars from state lots. Some
of our metropolitan areas also undertook car-pooling
efforts in 1973, The most aggressive (Grand Rapids)
attempted to enlist the cooperation of private employers.
This effort, too, was only moderately successful. In-
terest in car pools has nearly disappeared today.

Our highway park-and-ride lots have been more suc-
cessful. The Michigan Department of State Highways
and Transportation has established 51 such lots state-
wide by erecting signs and making modest improve-
ments to the shoulders of state rights-of-way near free-
way entrance ramps leading to metropolitan areas. This
program actually legalized what motorists have done in-
formally for years and has generated about twice as
much interest in ride sharing.

CONCLUSIONS

There are three factors that I believe contributed most
to Michigan's successful paratransit experience. First,
I believe our program succeeded from a policy basis be-
cause we started with the basic assumption that every
small community needs some kind of public transporta-
tion service. We did not spend months on prescreening
candidate communities. As a corollary, we assumed
that dial-a-ride or demand-responsive transit was the
correct strategy for meeting this need. We did not
spend time on an analysis of alternatives. Our pro-
cedure was simply to introduce dial-a-ride in commu-
nities that made a minimum commitment at maximum
state risk. Our assumption that local communities will
gladly pay to retain service after the first year has been
proved correct.

Second, I believe we have succeeded because our
state implementers allowed each dial-a-ride or para-
transit system to develop with a minimum of interfer-
ence. They resisted the temptation to inflict their prej-
udices about how a dial-a-ride service should be orga-
nized. As a result, we have systems operated by cab
companies, systems operated by community action agen-
cies, and systems operated directly by local govern-
ments. Some of our DART dispatchers use a zone sys-
tem. Some use a card file. But all of the systems are
working. I cannot stress enough the need for a state or
regional agency to allow—in fact, to require—local ini-
tiative in esiablishing a parairansit system. The com-
munity must perceive it as its own, not another remote
government boondoggle.

Finally, I believe dial-a-ride has succeeded in our
small communities and in Ann Arbor because our pro-
grams started small and grew from there. We rejected
sophisticated technology. We avoided the problems some
large unsuccessful systems stumbled over by choosing
conventional hardware off the shelf. We started with
manual rather than computer-aided dispatching. Ann
Arbor's system began on a manageable scale in one
neighborhood. Over the years, it has slowly expanded.
Today, Ann Arbor is working into computer dispatching
and other sophisticated software, but it is doing so with
a solid background of operating experience.

We believe that statewide dial-a-ride has had a pro-
found impact on Michigan. Obviously, the 1.5 million
rides it provides in outstate communities represent a
significant number of shopping trips downtown or trips
by elderly or poor persons to receive basic services.
Furthermore, dial-a-ride has caused a major shift in
public attitudes toward public transportation. When
Michigan began its efforts to restore transit, the out-
state rural legislators were bitterly opposed to spending
state money on something for the big cities. Today,

outstate legislators give public transportation their strong
support, thanks to the enthusiasm with which their con-
stituents have greeted dial-a-ride. The $22 million an-
nual funding level for public transportation programs ap-
proved in 1972 has been boosted to $52 million this year
and more than $70 million in fiscal year 1976-77. Tran-
sit dollars spent in southeast Michigan and Detroit rather
than on outstate dial-a-ride systems would have had a
negligible impact on service levels there, If a total of

$3 950 000 were spent in southeast Michigan on line-

haul service, it might have purchased and operated 30
buses—less than a 2 percent increase in the region's bus
fleet. Instead, $3 950 000 spent on dial-a-ride is an-
nually providing 6 440 000 km (4 000 000 miles) of highly
visible service in 28 cities.

There is a new mood of public support for state tran-
sit programs in Michigan, thanks to dial-a-ride. That
new attitude was expressed well, I believe, in an edi-
torial on July 5, 1975, by outstate rural legislator Sen.
Richard J. Allen.

Times change. So do peopie...even some poiiticians. The Senate easily
passed the mass-transit bill allowing for bonds to be paid off by gas tax
revenues.

Only a few years ago such a proposal would have met with strong re-
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