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INTRODUCTION

Daniel Roos, Massachusetts Institute of Technology and chairman of the Committee on Urban Transport
Service Innovations (Paratransit)

During the past 4 years, the demand-responsive transportation (DRT) concept has
evolved from an experimental to a production stage. C. Kenneth Orski, associate ad-
ministrator of the Urban Mass Transportation Administration, stated in his keynote
address at the conference, "The utility of demand-responsive transportation requires
no further proof. More than 50 DRT systems in some 22 states testify to the popularity
of the concept." To reflect this acceptance, UMTA has recently made its first capital
grants for DRT systems.

In light of these developments, this conference did not focus on concepts and sys-
tems that already had been tested. Rather, it was oriented toward a number of signifi-
cant issues that are still unresolved and will impact the future of demand-responsive
transportation. These issues include the following. ’

1. Integrated service. Most of the implemented demand-responsive systems are
in small- and medium-scale cities that have few or no fixed-route bus systems. The
role of demand-responsive service in larger metropolitan areas that have significant
fixed-route service is still unresolved. In particular, the issue of how demand-~
responsive and fixed-route services are integrated is of utmost importance. A num-
ber of difficult areawide approaches are currently being implemented in Ann Arbor,
Rochester, Orange County, Santa Clara County, Regina, and Toronto.

2. Service for the elderly and handicapped. The door-to-door service aspect of
demand-responsive transportation provides unique opportunities to offer service for
the elderly and handicapped. However, should that service be combined with more
general demand-responsive service or should it be provided as a special service?
What special design features must be included in vehicles to serve these groups?

3. Role of automation. All of the demand-responsive systems implemented to date
have used manual dispatching techniques. The new areawide systems will use a number
of different automated dispatching approaches. Considerable debate exists as to what
the role of computers should be and whether dispatching should be computer aided or
computer controlled.

4. Taxicabs and demand-responsive transportation. During the past year, a num-
ber of DRT systems operated by taxi companies have been implemented. The confer-
ence addressed not only the role of taxi companies in DRT operations but also the more
general issues of taxicab operations. Charles Boynton, president of the International
Taxicab Association, in the opening address at the conference, presented his views on
the future of the industry and, for the first time in this series of conferences, one ses-

-sion was devoted exclusively to taxicabs.

DRT and conventional taxi operations are 2 examples of a class of transit-like ser-
vice that has recently been referred to as "paratransit.”"” Other paratransit concepts
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include car pooling, van pooling, subscription bus, and various types of rental car ser-
vices. Because of the increasing importance of these options, a Transportation Re-
search Board Committee on Urban Transport Service Innovations (Paratransit) was
established this year. The committee was responsible for the organization of this con-
ference. In many ways, the objectives of this new committee are similar to those of
the conference:

1. Recognition that demand-responsive transportation involves many different groups,
such as transit, taxi, labor, and government, who must understand each other and be
able to work together;

2. Recognition that a number of significant unresolved issues are common to many
different paratransit concepts, some of which are technical issues such as ride-sharing
techniques and vehicle design and some of which are institutional issues such as regu-
lation, insurance, and labor; and ’

3. Realization that any successful urban transportation system should consist of
integrated paratransit and transit services rather than sets of independent uncoordinated
services.

We have only begun to understand many of these important issues and to initiate a
number of promising new service concepts. Much remains to be done in the coming
years, and progress will be reported at forthcoming demand-responsive conferences
and other similar forums.

The active role that UMTA has played recently in the area of paratransit is encour-
aging. This was the first year that UMTA was a cosponsor of the demand-responsive
conference. UMTA staff provided us with assistance in organizing the conference, and
many key UMTA professionals were participants in the conference. In addition, UMTA
provided some financial support to assist in the distribution of these proceedings. We
are extremely grateful for this invaluable assistance.

The Sixth International Conference on
Demand-Responsive Transportation
Systems will be held March 15-17, 1976,
at the Sheraton-Park Hotel, Washington,
D.C. Those interested in attending or
presenting papers should write the Trans-
portation Research Board, 2101 Constitu-
tion Avenue, N.W., Washington, D.C.
20418.




STATE OF THE ART OF
DEMAND-RESPONSIVE TRANSPORTATION

Robert P. Aex, Rachester-Genesee Regional Transportation Authority

This paper examines demand-responsive transportation (DRT) services and the tech-
niquesused to provide those services. Two systems are examined for illustrative pur-
poses. One system, in Batavia, New York, which has a population of about 18,000
within about 57 miles® (14.3 km?, is a small, manual system that has been operating
since October 1971 with 4 to 5 vehicles. It will probably continue to remain a small
manually operated system. The Rochester, New York, system is considerably larger
and more automated. It operates with 15 vehicles in a10-mile? (26-km?) portion of the
metropolitan area. The present service area has a population of about 40,000. The
Rochester system is programmed to have 100 vehicles servicing the entire metropolitan
area. Vehicles are manually dispatched, but a digital communication system is used.
Plans are to automate dispatching by a computer that will be interfaced with the digital
communication equipment. The Rochester system is to be integrated with the existing
fixed-route system.

VEHICLES

The first vehicles used for DRT were 10-passenger vehicles such as Ford and Dodge

“vans. The early models did not provide enough head room for passengers to stand, and
bubble tops or other devices were added to provide standing room. Larger vehicles
were then used, such as those manufactured by Flxible and Grumman. They were 15-
to 20-passenger units consisting of a special body mounted on a truck chassis. Those
vehicles tended to be somewhat austere; they were equipped with standard forward
seats on each side of a center aisle and rubber fabric floor covering. They usually had
no air conditioning. Later, air conditioning and carpeting, which was sometimes
carried up the sides to the bottom of the window sash, were added.

Recently 20- to 25-passenger vehicles, some powered by diesel fuel, have become
available. The Twin Coach vehicle manufactured by Highway Products is an example
of units of this type. The manufacturers of mobile-home and recreation vehicles also
introduced a DRT vehicle, which was basically a modified mobile-home body mounted
on a truck chassis. Although not suitable for heavy-duty service in larger systems, it
provides reasonably satisfactory service for small systems.

Many manufacturers offer options of interior treatment and seating. The Rec-Vee
vehicle by Funcraft Vehicles, Ltd., is an example of changes in the interior. The
angled seating is a part of a molded fiber glass body. One of the latest offerings is the
Electrobus, a battery-powered vehicle manufactured by Otis Elevator Company.
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COMMUNICATION

Initially, the communications used for taking orders and dispatching vehicles consisted
of the telephone and the voice radio, which are quite adequate for small systems that
have 8 to 10 vehicles. Telephone operators can now keypunch information they receive
onto cards, which are then used with digital communication equipment to relay the in-
structions to the drivers in their vehicles. The radio voice message system serves as
the backup for the digital system and enables the driver to take the initiative in contact-
ing the dispatcher when necessary.

RECORDS

In the early days, the handwritten dispatcher's log and the handwritten driver's log
constituted the basic records. Today's digital communication equipment produces hard-
copy records at the point of dispatching and at the point of receiving. These permanent
records can be based in analysis and reporting.

SERVICES AND MARKETS

Originally, the basic service of a DRT system consisted of many-to-many or many-to-
few service. Gradually, many-to-one service was added from home to work and then
home to school. Now services are provided for those who live in senior citizen housing
units, usually to and from a shopping center. In addition, subscription service is
available for those enrolled in adult education classes; the transportation charge is
included in the registration fee.

Small package delivery is a service that is slowly developing. Although this has
proved to be unprofitable for private delivery companies, it is profitable for DRT
systems and is compatible with passenger service; that is, each service can be per-
formed without adversely affecting the other. Revenue from package delivery service
can reduce operating deficits that accrue from passenger service.

DISPATCHING AND COMMUNICATIONS

Small systems, such as Batavia, continue to dispatch manually because it is practical
and economical. However, a system that has more than 8 or 10 vehicles must have
digital communications, computer dispatching, and an- interface between the computer
and the digital communications equipment. Plans for the Rochester system include
computer dispatching and the interface of the computer with digital equipment. Our
experience in Rochester has confirmed our belief that automation in communications
should precede automation in dispatching.

INTEGRATED TRANSIT SERVICE

DRT systems were first installed in small communities. Installations in larger com-
munities, such as Rochester, present a challenge and an opportunity to develop inte-
grated transit. In most fixed-route transit systems, lines operate at a financial loss
because of underuse of manpower and equipment during off-peak periods. Integrating
fixed-route service and demand-responsive service provides an opportunity to

1. Provide service to those who have had little or no service,

2. Improve the quality of service during off-peak hours,

3. Improve the overall economic results of the total system, and
4. Serve new markets.



RIDERSHIP

In Rochester, ridership continued to increase before, during, and after the fuel short-
age. Since the system started on August 6, 1973, its weekly ridership has increased
from 714 to 3,900. Integrating DRT and the fixed-route systems indicates that as many
as 30 percent of the former riders on a fixed-route line can be diverted to the demand-
responsive system while a substantial number of new riders can be attracted who did
not previously use the fixed-route system.

COST PER PASSENGER

Inflation during 1974 has increased costs of both DRT and fixed-route systems. Never-
theless, improved use of manpower and equipment has resulted in progressively de-
creased operating costs per passenger for the Rochester DRT system. The cost per
passenger was $5.00 during the first month of operating in August 1973 and $2.54 dur-
ing August 1974.

THE FUTURE

DRT systems in small communities have proved that they have a role in the total trans-
portation system. I believe that small DRT systems will continue to be implemented

in increasing number. Much remains tobelearned of the role that larger systems in
metropolitan areas can play. Automation will permit large systems to be integrated
with fixed-route transit.

E. W. Ziegler, Urban Mass Transportation Administration

Most DRT systems have been small experimental projects to introduce the concept to a
locality or to test techniques. These projects have provided an improved view of the
role of DRT service in large transit systems. Operating and planned DRT systems in-
dicate that those systems can substantially augment fixed-route service in suburban
metropolitan areas. DRT systems provide better local transportation service and, as
a feeder to express bus service, lead to increased transit ridership and lower operating
costs. The use of DRT for feeder distribution service is likely its largest future role.

When DRT and line-haul services are mixed, each service is used at its best: DRT
in areas where origins or destinations are scattered and fixed route in corriders where
there are heavy volumes. The line-haul service can be provided by express buses or
by rail rapid cars, depending on local factors such as passenger volume and funding
availability. Interconnecting DRT service areas will provide accessibility via transit
to all points in suburban areas.

Integrated DRT and fixed-route systems facilitate phased introduction and improve-
ment of transit systems. DRT service can bring transit service into new areas quickly.
As ridership and vehicle supply grow, buses can be moved to dedicated lanes to in-
crease capacity and, later, dedicated lanes can be changed to dual mode where addi-
tional capacity is needed. Concurrently, planning and construction of rail lines and, as
appropriate, personal rapid transit can take place for high-volume areas. This ap-
proach should be useful in widespread metropolitan areas such as Los Angeles.

Economically, a transit system with both DRT and fixed-route service should be
stronger than one with either type of service alone. DRT feeder service facilitates
access to fixed-route, line-haul service and allows more efficient operation by reducing
the number of fixed-route vehicle stops. Integrating DRT service into a larger system
provides management flexibility: Demand for DRT service peaks much less than de-
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mand for line-haul service, and line-haul drivers can be used in DRT vehicles during
off-peak hours and thus reduce total costs significantly.

Passenger origins and destinations in suburban areas are not like those in corridors.
In these areas, door-to-door service is attractive, particularly for senior citizens and
the handicapped who depend on transit for mobility.

DRT service has been effective in raising local funds for transit operations. In Ann
Arbor an increase in the property tax rate was approved by ballot, and in California
local allocations of revenues from a gasoline tax are being used. DRT systems have
been most successful in areas where fixed-route service has been least successful, i.e.,
the suburban areas in which about half the population lives. The improved efficiency
of DRT service is most evident in Regina, Saskatchewan, and Batavia, New York,
where its introduction increased transit ridership and decreased the operating subsidy
of the systems. DRT and fixed-route systems cost about the same to operate on a ve-
hicle per hour basis. The major operating costs of each are in drivers and vehicle-
related factors such as maintenance, storage, and fuel. However, DRT requires fewer
vehicles because passenger origins and destinations are known so that vehicles can be
used more efficiently.

The operating costs of DRT service can be tailored to the services desired and the
availability of funds in each area. Raising the fare or decreasing the size of the service
area reduces the number of vehicles needed and the cost of system operation. Con-
versely, lowering the fare or serving a larger area increases the number of riders but
also increases the operating subsidy.

In Orange County, California, the county transit district plans to offer each city a
base-level DRT service. The base service will feature a medium to high fare, less
than 24-hour service, and a specified service area. If a city wants better service or
lower fares, the transit district will provide the improved service but the city must
provide the incremental funding.

One of the results of the research and development program of DRT systems is a
better understanding of the diversity of scheduling methods. These methods include
the following:

1. Shuttle service in which vehicles move back and forth between a few points and
are coordinated by radio communication;

2. Zonal service in which fixed schedules are maintained at a transfer point, often
a line-haul interconnection, and each bus stays within a fixed zone until returning to
the transfer point;

3. Subscription gather service in which passengers are picked up at the same time
each weekday and brought to a line-haul transfer point;

4. Scatter service in which passengers at a high-volume inbound point, such as a
rail rapid station in the evening, are taken to diverse destinations; and

5. Many-to-many service in which a passenger can be picked up at any point and
delivered to any point without a transfer.

Any one of the scheduling methods can be the best under particular circumstances. The
factors that affect the choice of scheduling methods include demand levels, demand
patterns, and local priorities. For example, zonal scheduling provides efficient ser-
vice when relatively heavy demand is focused on a major trip generator. Some factors,
such as the demand pattern, are subject to management control. In Haddonfield, New
Jersey, service was improved by instituting a shuttle service between 2 major trip
generators, a rail rapid station and a large shopping center. This allowed the system
to operate as a feeder distribution service focused on one point, the rail rapid station;
the shuttle provided service to the shopping center.

The optimal scheduling method is likely to involve a combination of the various
methods, and the combination will change with circumstances. On Sunday in Haddon-
field demand is relatively light and has little focus, so many-to-many scheduling is
used throughout the day. On weekday evenings a large number of trips originate at the
Cherry Hill Mall shopping center and at the rail rapid station. During this period
shuttle service brings passengers from Cherry Hill Mall to the rail station, scatter
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service takes those passengers and incoming rail passengers to their destinations, and
many-to-many service carries passengers with origins other than the rail rapid station.
Throughout the evening individual vehicles shift among shuttle, scatter, and many-to-
many services as needed.

The research and development program is identifying improved techniques for deter-
mining the most appropriate mixture of scheduling methods under various operating
circumstances. These techniques can be expected to result in further improvements
in the operation of DRT services. Quantification of the techniques will enable decisions
to be incorporated into the computer system. These decisions will improve the ability
of the computer system to support the operations manager, either by providing data
needed by the manager to select the scheduling methods or by selecting the scheduling
methods for review by the manager.

In summary, DRT fills a gap in current transit systems by providing effective and
efficient suburban service. These services should be an integral part of a metropolitan
transit system and should be closely coordinated with fixed-route, line-haul service.
Such a coordinated system can provide comprehensive transit service between various
suburban areas as well as between suburban areas and the central business district.
Operating economies can be realized by combining DRT and fixed-route services. DRT
provides better suburban service. Fixed-route drivers can be used on DRT vehicles
in off-peak hours to reduce total system costs. Origin-destination data collected as a
by-product of DRT operations, particularly computer-based operations, can contribute
to a better use of vehicles and drivers in both types of services. Also, those data are
useful in transit planning. The origin-destination data can replace information now
collected in surveys, a major expense in transit planning studies.

A diversity of DRT scheduling methods have been identified. Research and develop-
ment is in progress to determine the best combination of scheduling methods under a
variety of operating circumstances. Identification and quantification of formal techniques
to select scheduling methods will further improve the operating of transit systems.

Charles Boynton, Salt Lake City Taxicab Association

The International Taxicab Association is an association of taxicab owners and operators
in the United States, Canada, and Mexico. During 1974 I was president of that associa-
tion and gave to its members the message that is in this paper.

During the past few years, the taxicab industry has come a long way. A few first-
order problems involving our industry, government, and consumers at all levels remain
and must be resolved before we can make further progress.

The major issue facing the taxi industry today is clarifying its overall role in the
urban passenger transportation system. If that were done, intelligent goals could be
identified and more coherent policies developed. The issue is not just a taxi industry
issue. We would be naive to assume that we could make this decision by ourselves.
Urban planners, local governments, and federal agencies make decisions every day
that affect what we do. They do not deliberately try to influence our future; as they
carry out their legal and administrative duties, we are affected. Certainly the EPA
clean air standards will have a major effect on us.

Clarifying the taxi industry's role is important because it has financial consequences
to us and the communities we serve. It is also important because service standards
are included, and thus the quality of transportation is affected. The future urban trans-
portation system may have no taxis, nothing but taxis, or a certain number of taxis;
each plan will create a different kind of situation.

I should like to discuss the urban public passenger transportation system, make a
proposal, and ask for the help of others involved in solving urban transportation prob-
lems. Our industry has a duty to provide input to the solution of these problems, and
we are trying to do just that.
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CITIES SERVED

A carrier's importance to the market can be ascertained by examining the participation
of the carrier in the whole market. If a carrier serves any particular market well,
then that carrier is a power, but well-served individual segments do not prove that the
whole can be well served. For example, PSA does a spectacular job in providing air
service between most of the major cities in California. But, based on that example,
one cannot conclude that air service is excellent throughout the United States. One
would be equally silly to examine just United, American, or Delta and conclude that
air service is adequate. All the services must be examined.

The same principle applies in the examination of urban carrier services. One can-
not look at certain cities and equate transportation adequacy in those cities with trans-,
portation adequacy in all cities. A multiplicity of services must be examined.

I know that taxis are a major element in the urban transportation system, even
though others may not agree. Here are some facts. Taxicabs serve more than 3,400
communities; rail rapid transit serves only 7 cities (although they .are all large ones),
and bus transit serves 1,023 cities, of which 185 now have public transit services.
Rail and bus services are vitally important, but taxicab services are more widespread.
There are more than 170,000 taxicabs that carry more than 2.4 billion passengers a
year. Taxicabs serve.27 percent of all passengers included in bus, rail, taxi, and
commuter services. How is it then that we still have such a low profile? Except for
the U.S. Department of Transportation and its Urban Mass Transportation Administra-
tion, why do most government agencies think of cabs as being unimportant, useless,
and wasteful ? Instead of being the first public transportation service called when a
need arises, we are often the last. Part of the problem lies with the industry, but most
of it lies with government agencies.

PEOPLE SERVED

When urban passenger trips by bus, rail, and taxi are combined, one can estimate the
size of the urban public passenger transportation market. Nationally, taxicabs carry
more than 27 percent of that market, but a recent study in Dade County, Florida,
revealed that taxis carried 11 to 13 percent of public passenger trips. In Salt Lake
City, 15 to 20 percent of such trips are made in taxis, depending on the weather and
time of year.

Most recent studies I have seen show a positive correlation between all urban public
passenger trips and taxi trips. If there are, say, 10 million trips, then taxis would
serve 1 to 2 million of them. The point is, the people we serve are the same people
that other public transportation modes serve. They are people who, for one reason or
another, do not use automobiles. For a long time taxis have been considered to be the
mode of the rich and the tourists. We do serve some of that market just as buses and
rail rapid transit do. But, an examination of a typical taxi trip sheet will show that
most of our customers rely on taxis as a public transportation service that they need.
They have no other way to get around. The reason we are out there is to provide a

"public not a private transportation service.

APPARENT BEST USES

In providing urban transportation service a fair question then is, What is the best use
of rail, buses, and taxis? Rail, although the least flexible, is probably the most ef-
ficient for carrying large numbers of people going from one point to another. Bus is
more flexible and more efficient for carrying many people going from one area to
another. Taxi is by far the most flexible and most efficient for demand-responsive
service. Any good urban system requires at least 2 of the 3 suppliers, one of which
must be taxi. It is difficult to imagine having only rail rapid transit and nothing else
at its ends to accumulate and disperse the passengers. It is difficult to imagine having
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a transportation network that offers only bus service. It is not too difficult, however,
to imagine having only taxi service. Those 3,400 communities attest to that right now!

In the past, emphasis has been placed on fixed-rail systems. But cities now do not
want fixed-rail systems, and for good reasons. Tearing up a city core for 10 years
while track is laid underground to obtain a system with a useful life of, say, 40 to 50
years is nonsense. Everyone suffers for a long time with little reason, and then the
funding responsibility is passed on to the next generation.

Creating just a bus system may not be the answer in certain cities either. There
are practical size limitations to buses, even though newer buses can carry nearly 100
people. But, if distances are great, then overall rate of charge must be a high-priority
consideration and the system that has the best ratio of passengers to operators will be
favored. This approach gives the best rate at the cost of service, but in some instances
rate of charge must be the sole guide. Chartered airplanes became the prime supplier
of service across the Atlantic because some air carriers, such as Pan American, did
not pay enough attention to rate versus service.

Los Angeles has a tremendous freeway system, which allows citizens to live scat-
tered out like leaves on the wind. Until quite recently, it had virtually no downtown.
If I lived there, I would not vote to build a fixed-guideway system. However, the BART
system in the San Francisco-Oakland area makes sense. (I do know, though, that we
could not affort to build another BART at today's costs.) Where population is concen-
trated and the transportation patterns are easily predictable, fixed guideways work.
For most areas, though, buses moving people along the lines and taxis accumulating and
dispersing passengers on the ends makes more sense. Shared use of the taxi, call it
dial-a-ride, dial-a-bus, or cab pooling, in concert with buses is the best short-range
solution to urban transportation problems. It may also be the best long-range solution,
provided that combination continues to offer flexibility at favorable overall cost.

SUBSIDIZING TRANSPORTATION

The country has agreed that it will support the cost of getting a public passenger trans-
portation system in operation through a subsidy to the company that does it. The re-
cent transportation assistance act, which makes available $11.8 billion to finance capi-
tal and operating deficits, suggests how strong the support is. Many argue we are not
doing enough and that $9 to $19 billion more are needed. The case is clear. Because
current transit services cannot pay their way and because they are essential, the public
pay the deficit.

The subsidy question has placed emphasis on coordinating transportation systems.
When huge sums are conscripted, bickering will inevitably occur among those who are
going to participate. The recent merging of the bus and rail lobbying groups into one
unit, the American Public Transit Association, is typical of the recognition that the
whole realm of public passenger transportation service should be coordinated under one
roof. The job of coordination of research, demonstration grants, subsidies, and capital
‘grants has fallen into the capable arms of the Urban Mass Transportation Administra-
tion. That agency, which has worked diligently with our taxicab association, has caused
a lot of good things to happen. The federal government has become more evenhanded
in its treatment of participants involved in solving the transit problem. Local govern-
ments making requests for money are required to be more responsible. It has encour-
aged an atmosphere of innovative thinking in hard-goods suppliers, and better tools are
being built daily. It has pushed other branches of government into breaking down bar-
riers to providing necessary services. Most important, it has raised awareness of the
scope of the problem and has caused positive attitudes to be engendered on the question
of financial help to distressed but vital people carriers. The whole picture of urban
public passenger transportation has changed and become more challenging. This helps
to draw more attention to the field and speeds up the pace of system development. The
growth of knowledge about urban people transportation problems has been geometric.
Linear induction motors, articulated buses, diversified-use vehicles, automatic vehicle
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locator systems, andpersonal rapid transit with 20- to 30-second headways are all fairly
recent accomplishments.

In sum, the country has recogmzed as a public duty the creating of flexible public
passenger transportation systems and has taken on the coincidental responsibility of
making performance live up to expectations. Capital grants and fare subsidies have
made it possible.

FUEL CRISIS

The shortage of fuel is not a U.S. problem that can be eliminated by politicians verbally
attacking oil distribution companies. This is a worldwide problem. World economic
systems are crippled to the point of crumbling when the gas valve is shut off. A world-
wide monetary crisis has been heightened by the fuel problem, and the money redistri-
bution problem has already caused bank failures on the order that we have not seen for
40 years. Small developing countries have absolutely no way to pay for their fuel needs.
And, the oil exporting countries have no way to use up all the money they are getting for
their products. I could go on, but the point is this: The taxi industry knows as much
about the fuel problem as anyone around. Its conservation programs played an impor-
tant role in fuel conservation in the past and will play an even bigger role in the future.
A major reason taxis were designated as essential users of gasoline was that taxis use
it frugally.

The continuing fuel problem will cause a reconsideration of the value of the private
passenger car. There simply must be some cléar-headed thinking about the true over~
all cost of private passenger cars. When there is, it will be clear that we must use
less private passenger cars and more public passenger systems.

SERVICE

In one area of providing public transportation, particularly, taxis have an unusual
responsibility. If any segment of the urban ground transportation network can solve
the transportation problems of the old, the young, and the physically and mentally
handicapped, it is the taxi segment. In fact, this area of need can only be met by taxi
service. Many taxi companies are already.providing this service. Many cities already
have nrograms that are imaginative and meet the need. But high fares as compared to
an ability to pay for this service are becoming more of a problem. Some who are in
the group I described cannot afford taxis and must somehow have their rides subsidized.
The method could be transportation stamps as are being tried in West Virginia. The
solution is not in creating another urban transportation system but in using the ones we
have right now. But we should subsidize the rider and not the company providing the
service.

TAXES

Taxi companies pay fuel taxes and transit authorities do not. We are expected to pro-
vide services, like bus and rail, but operate under different guidelines. The taxi
industry is trying to make its contribution to the urban transportation mix, but it is
thus handicapped. We are doing a good job in many respects, but we are not filling
our role as completely or as fast as we should.

MONEY
Why don't we? Money! Although we have many examples of profitable taxi enterprises

that are meeting the public need, the majority of the industry is in money trouble be-
cause of antiquated laws, rates of charge, lag costs, and inflation. Interest rates are



11

so far out of sight for our industry that it scares me to talk about it. The possibility
of credit allocation does not encourage me either. If a taxi company is not in the best
financial condition, it will not be able to borrow money for equipment purchases. And
all of this occurs while we subsidize public transit. The taxi industry, taken as awhole,
is on the ropes, and if the industry fails who will provide service to those 3,400 com-
munities that depend on taxi service? . .

We cannot solve the problem by rate alone.. As we increase rates, we lose trips.
A study of the Miami area showed that, as rates for taxis were raised relative to rates
for buses, trips were lost on a 1 to 3 ratio. My studies of the taxi industry indicate a
range of ratios of trips lost to rate of increase from 4 to 1 to a low of % to 1. At that
rate of trip loss, within a few years, some of us will run only 10 trips a day and the
average rate will be $500 per trip.

We need subsidies now. Let me state emphatically that not all portions of all taxi
services require subsidy but state equally emphatically that some portions of some
taxi services do! Here are some of our needs.

Equipment Replacement

Depreciation reserves are not meeting replacement costs. Tax credits are useful, and
some sort of inflationary bias in depreciation accounts in the future would be helpful.
In the short run, capital does not exist to replace equipment much less to expand ser-
vices! ' :

Research and Design of Vehicles

It is clear that the traditional size and shape of cars are not right for the requirements
being placed on taxis. Taxis are put to many uses, and innovation must occur in the
vehicle design. The demand for a different kind of vehicle is moving faster than the
supply in this case, and we need to spend money to develop a new vehicle for the future.

Increased Productivity Through Better Equipment Utilization

If we could increase our utility marginally, we could increase our productivity tre-
mendously! Better efficiency means better rates ultimately. A significant contribution
could be made if we knew vehicle use, status, and location better and faster. . Two-way
radio is the primary tool of the industry in determining status and location, but 2-way
radio is not enough! Radio and computer technology exists by which location can be
pinpointed and status revealed by the push of a button. The problem is we cannot afford
it! If we could dovetail the status-location part of our business with the dispatching
part, within a year we could come up with automatic identification-dispatch systems
that would increase productivity 20 to 30 percent. A side effect of such a sophisticated
system would be improved fuel to trip ratios. i

Better Taxi Regulating Ordinances

Most of the cities in this country control taxi services under old and tired ordinances.
Some of the major cities even disallow shared riding! Cumbersome rate and service
standards stop any experimentation on the part of the taxi industry. The industry and
government need to examine the whole area of taxi regulation and spend some time
doing it.
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Subsidized Rides

We need money to carry passengers who need taxi service but cannot afford it on a
continuing basis. There is no other realistic way to solve the problem of transportation
for some people other than to subsidize taxi rides. Positive attitudes could be expected
from most taxi operators toward reduced charges for this type of service, for its
overall impact would be reflected in greater productivity of the taxi. There are con-
tracts right now under which high utility is achieved and resultant rate reductions of

10 to 20 percent are passed on to the user. There is nothing secret or unusual about
this apparent rate differential. Many of us in the taxi industry would like to see rates
much lower than they are, but not all rates can be decreased.

Change of Legal Status

If we were to receive money help on a continuing basis from local or federal sources,
we would need to change our legal status somewhat. Many of us have had unfortunate
experiences so many times with government bureaus that we would just as soon not be
any closer to any government unit than we absolutely have to be. I think, however, that
any attitude that reveals a reluctance to hold hands with government must change if we
are to survive as an industry.

At the same time, a consistent approach to the taxi industry by the National Labor
Relations Board, the Department of Treasury, and the Department of Labor would do
wonders for our mutual confidence levels. Past inequities must be eliminated to allow
us to operate more publicly in the future. We can do more in the urban passenger
transportation area if we are treated as proper citizens of communities. We are not a
bunch of gorillas who must be caged, even though we recognize that in a few problem
cities we have some companies that operate by the rule of the jungle.

I1f our legal status is changed, we must not be deprived of the values we have built.
And, we must be able to build private values while providing public service. There is
no conflict of interest when TWA is paid a fair rate per ton-mile for mail cartage on
the same plane that carries passengers who, by paying a different fare, create equities
in the company. It is not inconsistent that a trucking company carries steel for private
agencies and mail for the government. The same principles should apply to taxis,
except here we are talking about carrying people. To provide partial public service
should not require that the provider be publicly owned. Adequate administrative agree-
ments could ensure that public money be properly handled. Profit making and providing
public service can work hand in hand. Better urban public passenger transportation
through use of taxis can occur if that concept is recognized.

A PROPOSAL

I propose, then, that our industry and UMTA have frank and open discussions to find a
way (a) to allow us to be eligible for capital grants for equipment such as I have de-
scribed and (b) to assist through subsidization particular groups of riders who use our
service. The discussions should center on a few areas initially.

The first is finance. Our industry cannot finance the service that will be required
of it in the future. There are consequences both to the public and to the agency when a
private agency is given partial public support. The question of the possibility of the
public subsidy accruing to the economic benefit of taxi company owners must be an-
swered before any money is allocated.

The second area is service standards. Obvious questions such as priority of service
could be discussed, and future system design should be improved correspondingly. Un-
realistically high service standards benefit no one. Standards should recognize that
different cities require different services. Certain commonalities exist among cities,
and the most usual one is the inadequacy of urban public transportation. Perhaps the
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Amtrak approach could be apphed at a company level, wherein some taxi services
would be public while others would not be.

The third area is the entry-exit problem. Free entry into the taxi industry is still
not in the best interest of the public. Discussions should consider the matter of allow-
ing free entry if compensation is paid to old carriers for past service or of controlling
exit of the market by requiring forfeiture of large bonded sums.

Fourth, consideration should be given to equitable and consistent rate-making
policies, which do not currently exist in many communities.

I believe that open discussions of these topics will lead to actions that will provide
some kind of subsidy to taxi companies.

This proposal was made at our recent convention, and the directors of our associa-
tion approved its intent on October 30, 1974. Now the question is, Should the federal.
government favor public subsidy to the taxi industry and work toward that end?. I think
it should!



PLANNING FOR NEW AND INTEGRATED
DEMAND-RESPONSIVE SYSTEMS

Katherine O’Leary, Office of Research and Development Policy, U.S. Department of Transportation

The function of the Office of Research and Development Policy in the U.S. Department
of Transportation is to provide guidance for the research and development programs
conducted throughout the Department of Transportation (DOT). In support of this func-
tion, a year and a half ago we began to look at the concept of demand-responsive trans-
portation (DRT).

At that time, the Urban Mass Transportation Administration (UMTA) was sponsor-
ing 2 categories of activity in the area of DRT. One involved providing capital grants
to organizations serving special groups such as the handicapped and elderly. The DRT
concept suited this market well, for it could offer door-to-door transport in vehicles
equipped, in many cases, to accommodate wheelchairs and to lower entry stairs for
easier access by the elderly.

" The second activity sponsored by UMTA was the experiment in Haddonfield, New
Jersey. The purpose of the experiment was to develop, test, and demonstrate tech-
niques for computer operation of a fleet of vehicles operating in a demand-responsive
mode. With little knowledge of those activities and a long list of questions, I attended
the Fourth Conference on Demand-Responsive Transportation in Rochester, New York,
in September 1973. At that time, we predicted increased activity in implementation of
DRT services throughout the country, and this has indeed been the case. My presen-
tation deals with the history of DRT services in North America from the earliest to
those newly in place since the Rochester conference.

To use the history of systems as a mechanism for understanding the DRT concept
can be confusing before it is enlightening. No 2 systems are exactly alike. Many sys-
tems have a feature that no other system has and, to complicate things even more, 2
systems that serve similar markets can have completely different technical designs.

With this in mind, I have selected only a limited number of statistics to help me
tell the story and will present these first. I will then briefly address the 3 main sys-
tem characteristics that I think provide a context for viewing and understanding present
as well as future systems.

Many people generally acknowledge the Atlantic City, New Jersey, jitney of 1916 to
be the earliest forerunner to the demand-responsive transportation concept. It oper-
ates on a fixed route and picks up and discharges passengers on demand. It is still
operating. (However, it could be said that the jitney is more like a fixed-route bus
and that the taxi, with its door-to-door, on-demand, flexible-route operation, is the
closest forerunner to DRT concepts in terms of overall operating strategies.)

In Table 1, the Atlantic City jitney is the starting point of a listing of DRT service
implementation. The most striking conclusion to be drawn from this chronology of
DRT services is the accelerating activity in 1972, 1973, and 1974. Of the systems
currently operating and those projected to operate by the end of 1974, 75 percent have
been implemented during the past 3 years. This is significant for several reasons.
For one, it is becoming difficult to keep track of the systems and thus to have a feel
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Table 1. Chronology of demand-responsive transportation services in North America.

Year City Year City
1916 Atlantic City, New Jersey 1973 Kent, Ohio
La Habra, California
1934 Davenport, Iowa Lower Naugatuck Valley, Connecticut
1946 Little Rock, Arkansas" Davis, California
. . La Mirada, California
1958 Ft. Leonard Wood, Missouri Helena, Montana®
1961 Hicksville, New York" Grand Rapids, Michigan®
. RS Bramalea, Ontario
1964 Peoria, Illinois Ottawa, Ontario
1968 Reston, Virginia Rochester, New York
Flint, Michigan® Los Angeles, California
. . New Orleans, Louisiana
1969 m;:ls‘;i;z'kb‘ﬁzm"ma St. Petersburg, Florida
g ’ Toronto, Ontario
1970 Bay Ridges, Ontario Bensenville, Illinois
Merced, California Cleveland, Ohio
Ft. Walton Beach, Florida® Calgary, Alberta
Buffalo, New York" El Cajon, California
1971 Columbia, Maryland Hartford, Connecticut
Kent, Ohio 1974 Hemet, California
Scott-Carver Counties, Minnesota Holland, Michigan
Ann Arbor, Michigan® Luddington, Michigan
Regina, Saskatchewan Mt. Pleasant, Michigan
Batavia, New York Sault Ste. Marie, Michigan
Columbus, Ohio® La Mesa, California
Cranston, Rhode Island Cambridge, Ontario
11k . Merced, California
1972 Willingboro, New Jersey Traverse City, Michigan
Detroit, Michigan
) . Dover, Delaware
Haddonfield, New Jersey N L AT
N : Fairfax City, Virginia
Franklin County, Maine Midland, Michi
Toledo, Ohio® Isabella County. Michi
Lincoln, Nebraska sabella pun_ty, ichigan
Alpena, Michigan
Medford, Oregon .
» Houghton-Hancock, Michigan
Klamath Falls, Oregon N A N
Richmond, California
Rhode Island State ; ’
Dallas, Texas Washington, ‘D.C.
’ . Benton Harbor-St. Joseph, Michigan
Stratford, Ontario .
. Cleveland, Ohio
West Palm Beach, Florida Santa Clara County, California
Kingston, Ontario® ¥
Sudbury, Ontario 1975 Rockville, Maryland

2Subsequently expanded.

®Terminated.

Figure 1. Geographical distribution of 57 operating systems in North America as of
May 1974.
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for the number of communities and markets being served by the service. Second, sys-
tem operating data are incomplete when all services are not represented, and this
weakens considerably the available information that planners and operators of future
services need to assist them in their decision making. Third, although the technical
expertise required to ensure the successful implementation of DRT services can be
found in a number of highly qualified professional firms, this number is still small
compared to a growth rate of 2 to 3 DRT implementations per month. I should like to
return to this point later in this paper, for DOT, as a result of these observations,
sponsored an activity in early 1974 on how to plan and implement a demand-responsive
service.

As of May 1974, we were able to identify some 57 demand-responsive services op-
erating in the United States and Canada (Fig. 1). Of particular note are the numbers
of systems in Michigan, California, and Ontario. The availability of state and provin-
cial funds is undoubtedly an important factor in the somewhat intense activity of DRT
services in those areas.

The DRT services in the United States represent a small number compared to the
American Transit Association (now the American Public Transit Association) figure
of 1,006 motor bus transit systems in 1973 (Fig. 2). Some arithmetic will yield a
comparison of passengers carried daily by these service categories—somewhat in-
complete data on DRT services (only 53 of 57 services reporting) do not distort the
picture much in that DRT has a very small market share. A caveat here is that al-
though the DRT market is small it is growing, while the motor bus industry has been
static until recently.

Figure 3 shows a summary of the 57 operating services by the size of their fleets.
For example, 8 services have fleets of 1 vehicle, 4 services have fleets of 2 vehicles,
5 services have fleets of 3 vehicles, and so on to the largest service with 80 vehicles
in its fleet. The line on the chart corresponds to the scale on the right and represents
what percentage of the total number of 57 services are described by the bars to that
point. For example, 8 services having fleets of 1 vehicle represent about 15 percent
of the total services. Adding the 4 services of 2-vehicle fleets makes 12 services
represented out of 57 or 21 percent accounted for, and so on. Of the 57 services op-
erating in North America as of May 1974, 70 percent have fleets of 7 or fewer vehicles.
The 3 largest fleets operate shared-ride service and taxicabs. Most of the smallest
services operating a single vehicle provide service for the elderly.

Fleets are like much else about DRT services—few things are typical. Diversity
in type of vehicles used to provide DRT services exists not only from one service to
another but within services themselves. For example, Regina, Saskatchewan, uses
six 14-passenger, four 22-passenger, and seven 42-passenger vehicles to provide
service in the DRT area. Detroit uses school buses to augment its regular fleet for
charter operations.

The 57 operators provide service at adult cash fares ranging from 10 cents to
$1.75 (Fig. 4). Seven services are provided at no direct charge to the passenger.
These are predominantly for senior citizens and are funded variously by a combina-
tion of federal, state, and local governments and private agencies. Roughly 84 per-
cent of all systems charge fares of 50 cents and less, 13 charge fares of 50 cents,
and 8 charge fares of more than 50 cents. Of the 57 services, 2 are jitney services,
7 are taxi-based operations, and 48 are bus-based operations.

Figure 5 shows the variety in size of area served by 44 DRT fleets. Fifty percent
of the service areas are less than 10 miles? (26 km?). Of the operators serving the
largest areas, 5 have 7 or fewer vehicles (these are special group services for senior
citizens or handicapped persons), 1 has 28 vehicles for statewide senior citizen ser-
vices, and 1 is a taxi operator who has 75 vehicles. Nine areas are the result of ex-
pansion from initial, smaller areas, such as Ann Arbor, which expanded to 22 miles?
(57 km?) from an initial area of 1'%, miles® (3.9 km?.

The following profile of the services emerges from these data.

1. A relatively small market has been demonstrated to date, but it is a rapidly grow-
ing one in that systems are proliferating at a rate of 2 to 3 per month and indications
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are that this proliferation will continue;
2. Except for taxi operations, fleets usually have fewer than 10 vehicles;
3. Fares are typically 50 cents or lower; and
4. Size of area served is usually smaller than 13 miles® (34 km?).

The demand-responsive services implemented to date differ from each other in basi-
cally 3 ways: technical design of the system in response to the market needs, mar-
kets served by the service, and funding sources for the service. Other papers in this
Special Report discuss the design aspects of the currently operating demand-responsive
services. My focus is on the markets served and the funding sources.

MARKETS SERVED

A major market served by a number of existing DRT services is the commuter mar-
ket (Fig. 6). Where fixed-route transit existed in a region, DRT services have been
substituted for unprofitable fixed routes in low-density areas and serve as feeders to
the remaining fixed-route portion. Regina, Saskatchewan, actually was able to in-
crease its ridership on the fixed bus routes to the center city through this process,
referred to as route rationalization. When DRT serves as a feeder to rail rapid sys-
tems, the transfer point becomes one of the rail stations, as in the case of Bay Ridges,
Ontario. One of the markets for which the Richmond, California, system is designed
is the commuter market using the BART system. It acts as a feeder to the BART
Richmond Station.

Commuting patterns, however, have been changing in character during the past de-
cade. Although the CBD continues to be a dominant destination for a large number of
work trips, industrial parks are developing as parts of new activity centers located in
the lower density suburbs. In these areas, fixed routes can be uneconomic because of
the low densities and thus low load factors. These commuter markets can also be
served by DRT. The activity center (an industrial park or a large factory or a gov-
ernment center) operationally serves the same drop-off and pickup function as the
transfer point of the previous applications. Increased vehicle productivity and thus
improved economics can result by developing the commuter market as a subscription
service because of the time and location certainties this gives the operator. In large
metropolitan areas, the commuter market is best served by DRT in low-density sub-
urbs. In middle-sized and small cities, commuter markets may be served by DRT in
partial or entire areas of the cities themselves. This is in large part determined by
trip origin and destination patterns, other site-specific variables, and density of
demand.

A second market served by DRT services is that made up of groups having special
mobility needs. Typically, these are handicapped persons and the elderly and, in
some cases, the economically disadvantaged. Of the 57 services, some 24 provide
service exclusively to these groups. These markets are also those for whom the
UMTA demonstration grants for handicapped and elderly services are targeted.

A third market, distinguishable from the commuter and the special needs groups,
is hard to describe in a single word. It is that group of people within a given area who
need to get around in the area. The service that meets these market needs is area-
wide and provides the population in a given area with door-to-door transportation
wherever their origins and destinations. Typically, patrons of this local transporta-
tion service are shoppers, bank patrons, school children, dental and medical out-
patients, airport users, restaurant patrons—all of whom depend on the activities within
the DRT service area itself. Such areawide DRT service is provided in Batavia by the
B-Line Dial-a-Bus, which operates citywide service from 6 a.m. to 6 p.m. Monday
through Friday. In addition to carrying people, other areawide service markets can
be captured and can provide additional revenue. Batavia's system carries not only
people but packages. DRT service in Batavia also transfers bank printouts (not money)
from one bank to another.

The principal advantage in operating a fleet of vehicles in a flexible manner is that
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it can serve all, some, or one of the above markets depending on the needs of the area.
The most important consideration in implementing successful DRT services is tailoring
the service offered to the market to be served. The success of a system is defined in
different ways by different people. An operator in business to make money would

judge a system that does not as unsuccessful. If, however, the operator's objective

is to provide mobility to a market segment, making money would not be a basis for
judging the system's success.

FUNDING

A recent survey of operating systems revealed that of 22 reporting services all but 3
required subsidy to cover costs. Whether subsidy is required depends on the level of
service offered and the markets served. The requirement for fare-box viability re-
stricts the market served and the level of service to be offered to that market. If
DRT service is striving for broad markets (for example, to get a substantial share of
the commuter market away from private automobiles) and for high levels of service
(for example, round-the-clock operators on an areawide basis), some form of subsidy
most likely will be required. The key factor here is the breadth and type of market
the service is designed to serve.

Of 49 operating services for which data on funding are available, more than half were
funded from a single source (Table 2). These are mostly the U.S. privately funded sys-
tems such as taxi-based operations, jitneys, and commuter bus systems. (The U.S.
Department of Housing and Urban Development has funded systems 100 percent.) Some
examples drawn from the operating systems illustrate the range of options available
for funding DRT services.

1. Recent expansion of the Ann Arbor transit operations including the expansion of
DRT service was funded entirely from an increase in local taxes voted by the citizens.
2. The service in Batavia, New York, is funded 100 percent locally from fares,
receipts from package delivery, sale of marketing space. There the system is break-

ing even without any form of subsidy.

3. Canada's systems are eligible for federal subsidies to cover planning studies
and portions of operating and capital costs. The Regina, Saskatchewan, system has
drawn on funds from federal, provincial, and local sources.

4. The St. Petersburg DRT service for elderly and handicapped persons uses local
sources for one-third of its funds and an UTMA grant for the remaining two-thirds.

The sources are varied and depend on local circumstances to a large extent. Where
private sources do not cover all costs, funding is usually from multiple sources.

INFORMATION ON DRT

Table 2. Funding of 49 operating systems. At DOT we felt that the existing tech-
nical expertise would get stretched
Systems Systems thin if it tried to keep up with the
f“s?ﬂéfeby e o rapid pace of DRT implementation
Fund Sources Source of Sources activity. We wanted to ensure that
Public fands in United States failures regultmg fx;om bad or, even
Federal 4 worse, no information would be kept
italgl g 19 to a minimum. To avert a large num-
QC s . .
Private funds in United States 10 ber of failures and to avoid condemning

Public funds in Canada a promising concept to an early demise

Federal - as a result of bad publicity, we set
Provincial 1 3 about to test whether we could devise
ocal 2 A
Total P 2 a method to get some basic informa-

tion out to the large number of planners
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and operators making decisions daily on whether to try DRT services in their areas.
The method we devised was to synthesize the substantial array of available litera-
ture on DRT services into a state-of-the-art document and to validate the document
prior to its dissemination at a workshop where experts (operators of DRT services)
and local transit operators and planners would comment (page by page) on the accuracy
and relevancy of the material to their needs. The workshop was jointly sponsored by
DOT's UMTA and Technology Sharing Program, which is a part of the Office of Re-
search and Development Policy. The report and its revisions were prepared by the
Technology Sharing Office at the Transportation Systems Center in Cambridge, Massa-
chusetts. The response both to the workshop validation method and to the document
was positive. I mention the document for 2 reasons: (a) The document provided a
source for many of the statistics that I used to profile the operating DRT services,
and (b), and more important, many will undoubtedly find the document a useful tool
in developing a feel for the DRT concept and its status as an operating service. We
are currently preparing a supplement to this overview document dealing with vehicles
and their operation in DRT services. Copies are free and available on request.

SUMMARY

Many DRT systems are operating, and many systems are being implemented every year.
Those who plan and implement systems should understand the markets DRT can serve,
tailor system design to those markets, and understand the funding consequences of the
level-of-service and market decisions. At the Department of Transportation, we must
ensure that the best and latest information is available for people to use in making de-
cisions and that they know where to get that information.
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Every successful DRT program starts with an effective planning effort. DRT systems
that have had serious difficulties started with planning deficiencies such as inaccurate
demand forecasting or absence of a long-range economic plan. This paper discusses
some of the key elements of DRT planning and identifies some common pitfalls.

APPROACH TO PLANNING

For planning to have the necessary depth and quality, management must make a com-
mitment to it. This means that the people who do the planning must realize that plan-
ning is vitally important and that the plans they produce will receive proper attention,
including a detailed review and personal critique by management. A degree of formal-
ity, at least to the point of full documentation of the plans, is essential for both com-
munication to management and later assignment of implementation responsibilities.
For a new DRT system, the planning is from the ground up and covers initial concept
through routine operations. There are 3 fundamental items for achieving this.
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1. Work statements are descriptions of every task that must be performed to ac-
complish the program objectives. The scope of each task is defined so that each is a
complete ''package'’ of work to be performed by a person or group within a specific
time period and budget. Thus, the completion of a task is indicative that a certain
"'value'' has been earned. In many instances, the completion of a task is marked by
production of a deliverable item. Some tasks are the carrying out of further planning
functions such as supply and demand estimates or organization plans; those planning
tasks are discussed later in this paper.

2. Schedules and the tasks of the work statement laid out chronologically into a
logical sequence of events. The schedule may be presented in the form of a bar chart
or as a task interrelationship network (similar to a PERT chart). The network per-
mits a careful evaluation of the logical progression of events, i.e., that each item
needed for subsequent tasks is generated in earlier tasks.

3. Budgets contain the costs (or applications of funds) to accomplish the tasks and
a schedule for the expenditures. The costs are estimated from existing DRT data,
site data, vendor information, and experience. The status of each task is indicated
by the relation of funds or person-hours expended to-date versus those budgeted.

The work statements, schedules, and budgets are the basic planning items of any
program. Figure 7 shows how the plans can be exhibited throughout the duration of
the program. Periodic management meetings, reviews, tracking, and control of the
program can be aided in this way.

In addition to the 3 basic planning items, other key elements must be incorporated
for effective implementation and control.

1. The plans should be arranged to fall into natural phases. Each phase is, in ef-
fect, a complete program with a distinct start and end. Management can review prog-
ress and status near the end of each phase and decide whether it is satisfactory and, if
not, what to do about it. The phases are arranged so that the financial exposure of
earlier phases is far less than the exposure of subsequent phases. Thus, if major
changes or cancellation is desired, the losses incurred are minimized.

2. Resources that must be considered include personnel, sources of funding, facil-
ities and equipment, management, and intangibles such as political support. Various
options and alternatives are possible and should be considered. For example, sources
of funding can be federal, state, or local sources, fare-box revenues, or advertising
income.

3. Contingency plans should be prepared for each element of the plan. For ex-
ample, it is theoretically feasible to implement a DRT system in about 4 to 5 months
after contractual authorization is received. Experience has shown, however, that a
slippage of from 4 to 8 weeks usually occurs for several reasons including unavoidable
late delivery of equipment such as vehicles and radios or delays in funding. Some of
the principal pitfalls are discussed in more detail later in this paper.

4. The program should be controlled on the basis of work accomplished (i.e., earned
valuesg), costs incurred, and schedule. All 3 are vital, but they must be viewed to-
gether to obtain an accurate picture of the status of the program and to identify any
potential problems that may be developing. The cost versus schedule and milestone
chart shown in Figure 7 is a convenient visual tool to accomplish this. Accountability
by specific persons, groups, or organizations for each task must be clearly defined in
writing for effective control.

DEMAND ESTIMATES

Estimates of what the ridership will be are often the least precise elements of DRT
planning because of the large number of factors that affect demand and the general lack
of sufficiently accurate forecasting tools. For example, some key variables that affect
ridership are fare, reliability, service level, and marketing. Important parameters
describing the site are population density, service area, age, income, automobile
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Figure 7. Management control system.

Figure 8. Demand forecast by sector model.

FARE = $0.50 SERYICE LEVEL = 4.5

DIAL-A-RIDE DAILY PATRONAGE:

WORK INTERMAL = 132.
WORK EXTERNAL = 319.
OTHER INTERMAL = 1057.
OTHER EXTERNAL = 20t .
TOTAL WORK = 502.
TOTAL OTHER = 1258.
TOTAL INT. = 1239.
TOTAL EXT. = 520.
TOTAL = 1799.
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ownership, and external transit interfaces. Many other variables could be considered,
but there is a practical limit to the complexity. Models have not yet been developed
that consider all of these factors. Several worthwhile attempts, however, have been
made to incorporate enough of the important factors to yield useful results (4).

A sector model has also been developed recently that accepts as input basic statis-
tics usually available at any potential site such as service area, employment, students,
and census data. If data on some details are not available, default values for the miss-
ing data are used. Modal-split factors as functions of fare and service are incorpo-
rated into the model. Outputs are in the form of internal and external work and non-
work DRT trips. One version of the sector model has been programmed to permit
alternative operating conditions to be quickly explored; an example of the output is
shown in Figure 8.

A word of caution is appropriate at this point. Simple extrapolation of ridership
results from one DRT to another without a full consideration of subtle but important
facets can lead to inappropriate system design and unsatisfactory operations. This
has actually happened in regions where one or more DRT systems have been success-
ful but other nearby implementations in the same city by the same people have run
into ridership difficulties because of different ethnic and transit interface conditions.

SUPPLY ESTIMATES

DRT supply models are easier to develop and calibrate than demand models, and the
results are more accurate. Some basic tools were developed at Massachusetts Insti-
tute of Technology (5) and have been calibrated from operating data at a number of
sites. Input to supply models usually consists of the output ridership estimates from
the demand model and service parameters such as hours of operation, types of DRT
service, and level of service. An example of the prediction from a supply model in
the form of a computer printout is shown in Figure 9.

Figure 9. Sﬁpply estimates.

DIAL-A-RIDE HOURLY PRTRONAGE
BY TRIP TYPE AND PERIODD OF DAY
CONE-WAY TRIPS~-DAY:
. PERIOD OF DRY
7 AM- 2 AM- 10 AM- 4 PM- 5 PM-
TRIP TYPE 3 AM 10 AM 4 PM s PM 7 PM
INTERNAL 36, 96. 151. 74. 56.
EXTERNAL 54, 9. 29. 71, 39,
TOTAL 100, £ 120, 145, 3.
DIAL-A-RIDE YEHICLES IN SERVICE
EYv PERIOD OF DAY
R FERIOD OF DAY
7 AM- 9 AM- 10 aM- 3 PM- & PM-
3 RAM 10 AmM 4 PN 5 PM 7 PM
YEHICLES 2 10 12 9 10
ANNUAL DIAL~A-RIDE PRTRONAGE = S12343.
PERK HOURLY PATRONAGE = 120,
PERK YEHICLES IN SERVICE = 13
SPARE VEHICLES = 3
TOTAL FLEET Z1ZE = 16
ANNUAL VEHICLE-HOURS = 32438,
MEAN YEHICLE PRODUCTIVITY = 13.33
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ECONOMIC PLANNING

The economics of DRT operations are determined primarily by the strategic objectives
of the service and by personnel costs. The heart of the issue is the degree to which a
DRT system is to meet the transit needs of those who cannot pay the actual costs of
service but who urgently need some form of door-to-door transit versus the degree

to which the operation should meet costs out of fare-box revenues. Those responsible
for the program should tackle this issue at the earliest stage of planning, and clear-cut
decisions should be well documented. Otherwise, the program will be plagued by lack
of direction.

Cost of operating DRT is strongly dependent on the cost of labor, both direct and
indirect, since DRT is labor intensive, accounting typically for more than 80 percent
of total costs. Labor rates vary widely among locations, and both present rates and
potential increases should be carefully evaluated during planning.

Total cost of DRT ranges from under $10 to more than $20 per vehicle-hour. Cost
per trip varies from under $1 to more than $4. The lower costs usually occur in
areas where the demand is high (e.g., where there is a significant commuter market)
and where the labor rates are relatively low. The reverse usually applies for higher
costs. No guidelines are available that will define simply what the costs will be for
a new service. However, consideration of economic alternatives in the early stages
of planning will permit choices to be made that could lead to costs at the low end of
the ranges. If the alternatives are not explored, then higher costs could inadvertently
become locked into the program.

Fares in most DRT systems are in the 25- to 50-cent range, a level at which re-
covery of costs from fare-box revenues cannot be achieved. (TSC and MITRE under
UMTA contracts have investigated the economics of many of the existing DRT systems
and have published the statistics in a number of reports.) A fare of $1 or more per
trip is needed to achieve a breakeven point; this is evideént from the profitable opera-
tion of shared-ride taxi services. However, this fare level is beyond the range estab-
lished by the social objectives of most publicly financed DRT systems.

Planning the economic alternatives of operation involves the following: establishing
the ranges of the variables acceptable from the viewpoint of the social objectives, using
a demand model to determine ridership and revenues, using a supply model along with
unit cost data to assess cost, and defining sources of subsidy. The process is iterative;
i.e., with given variables of fare, level of service, type of service, labor rates, ve-
hicle costs, and so on, the economics of operation are determined, and, if they are
not acceptable, the process is repeated with new variables.

Start-up costs include procurement of vehicles, radios, control equipment, and
other equipment and services to provide planning, design, and implementation. Cap-
ital grants for equipment can be obtained in many instances by a public organization
on an 80 percent federal and 20 percent local basis from UMTA. Furthermore, high-
way funds can be diverted to provide the local share of the capital costs. The appli-
cation for these funds usually requires a certain level of prior planning as defined in
the UMTA guidelines. If a public organization contracts with a private operator, then
it is expedient for the public organization to take advantage of the capital grants pro-
gram and own the vehicles, leasing them at a nominal rate to the private operator.

Grants for operating subsidies are harder to obtain and are often not available
unless the program qualifies in some special category. Furthermore, the grants are
only to help to get the program started or to conduct research; long-term subsidies
are not available. Some of the federal agencies that have made special DRT grants
are the Department of Housing and Urban Development, UMTA, Department of Health,
Education and Welfare, and Office of Economic Opportunity.

Operating subsidies are more often covered by local general funds, state sales and
gasoline taxes, and property taxes. Operating subsidies for transit have been consid-
ered in the U.S. Congress, and citizens in many cities and counties voted in November
1974 on whether to raise local taxes for DRT.



25
TECHNOLOGY LEVEL

The level of technology needed for service requirements should be given careful con-
sideration. Unnecessarily elaborate systems cause higher costs, are more complex
to maintain, and may have a higher failure rate. In fact, some of the most successful
DRT systems are the simplest.

Computer technology has been applied in a number of DRT and taxi operations (Had-
donfield, Los Angeles, and Davenport), and other implementations are planned. A
lesson that has been learned is that using a computer for DRT makes for a lot of com-
plexity and that a good, simple manual operation is essential for backup while the com-
puter system is being checked out. Another lesson is that manual control is adequate
for DRT systems having about 20 vehicles. ’

Thus, it is doubtful that a new DRT system should use a computer. Rather, the
initial operation should be controlled by a manual system that will be compatible with
computer control. The initial manual operation gives personnel a chance to become
familiar with DRT and makes them better qualified to direct and control the computer
system when it is installed.

OPERATOR SELECTION

Selection of the organization that will operate the service (i.e., provide drivers, con-
trollers, maintenance, supervision) is easy in some cases because there is only one
choice. That is, an organization, either public or private, has a prerogative, obliga-
tion, or other special qualification to provide the transit service. In other cases where
there are several alternatives, the selection of an operator may not be an easy process
although it will often prove to be the most significant decision made in planning the
program. A prudent approach to selection is, therefore, highly recommended. The
only effective way to make a thorough evaluation of the alternatives and a wise selec-
tion of operator is by competitive bidding. A request for proposals should be issued
to organizations who have expressed interest in or appear to be capable of doing the
job. Any transportation company offering a passenger service in or near the intended
service area should be included on the bid list; otherwise, the excluded company may
protest the start of DRT service. Of particular importance in evaluating the proposals
are the proposed operating costs, the qualifications of the personnel, and the operator's
history of performance on similar programs.

A wide range of organizations have operated DRT systems, including transit dis-
tricts, taxi companies, city employees, and management and operations companies.
In fact, in Great Britian a new company called Dial-A-Ride, Ltd., was formed spe-
cifically to operate DRT systems. Where several DRT systems or modules are needed
to cover the total service area, a particularly interesting concept is for the sponsor to
contract the operations to several competing organizations (6). Periodically—once
every year or two—the operation of each module is reviewed and, if found to be un-
satisfactory, the operation can be put up for bid. This keeps all the operators trying
to improve and helps to control costs by competition. Major equipment such as buses,
radios, garages, and control centers should be owned by the sponsor; otherwise, the
capital investments would have to be made by the operators, which would prohibit con-
tracts lasting less than several years and would severely limit competition.

PERSONNEL

When a new DRT system is being implemented, qualified personnel will generally not
be available and will have to be recruited and trained.

Drivers can become familiar with DRT procedures, public relations, geographic
area, equipment usage, safety, and radio codes and discipline in about 2 weeks.
After that, on-the-road experience is needed to learn the streets, house numbers
(many houses are often unnumbered), and quick routes through congested traffic.
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Drivers usually take 2 to 4 months to thoroughly learn the streets in a small DRT sys-
tem and longer in large systems.

Controllers must have the ability to cope with the complex problems of DRT control.
They must also be able to tolerate the tensions caused by the pressures of the job.
Controllers can acquire basic manual skills in DRT procedures, area familiarization,
radio codes and discipline, and scheduling and routing techniques in about 2 weeks. If
a computer is used, an additional 2 weeks of training is needed. After this initial
training, a controller can become fully proficient in about 6 months.

When an organization with existing work rules designed for some other job function
implements DRT service, personnel policies, including work rules, should be reeval-
uated and changed to reflect the needs of DRT. Sometimes this is not possible because
DRT personnel represents such a small percentage of the total work force that a sepa-
rate set of DRT work rules is not feasible. Using existing rules can create both opera-
ting problems and added costs. For example, personnel in many organizations bid for
the available jobs at certain times—often 4 times a year. The procedure includes list-
ing all the jobs and having each person bid for his or her choice in order of seniority.
If DRT jobs are bid with other jobs this way, inevitably new, untrained personnel will
periodically replace trained personnel. It takes weeks of training plus months of ex-
perience before new personnel achieve full productivity. Therefore, if the turnover
is large, as it has been in a number of existing DRT operations, extra staff must be
considered in the staffing plans.

CONTINGENCY PLANNING AND PITFALLS

The art of planning lies in development of contingency plans. These are the fallback
positions when things go wrong, as they always do to some extent. The following are
some DRT pitfalls that should be included in the contingency planning.

Legal

If DRT is implemented in competition with other forms of transportation, legal issues
may develop. Since DRT systems are different from other systems such as taxi,
jitney, charter bus, or fixed-route bus, legislation enabling their operation is often re-
quired. This enabling legislation may be opposed by any transit organization that feels
threatened. Allowances must be made for the time delays that may result, and pur-
chase of major equipment should be scheduled to occur only after legal issues have
been cleared.

Equipment

Modifications must often be made to standard equipment. Appropriate funds and time
should be allocated to accomplish this. Furthermore, uncontrollable delays may be
experienced in the manufacture of the equipment, and sufficient schedule slack should
be planned for realistic delays. Public announcement of the start-of-service date
should be made only after all essential equipment has been received.

Startup Overload

When a new system is started, most of the personnel know what to do, but perform
slowly and inefficiently. Thus, at first they can handle only a limited ridership; later,
their skills will develop so that they can handle several times the initial demand with-
out difficulty. Advertising and formal inauguration should, if possible, be postponed
until a few weeks after startup, and extra personnel should be on hand to help answer
inquiries.
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Radio License

If there is not a suitable existing license, then a new radio license must be obtained
from the Federal Communications Commission. This is time-consuming and can
easily get into procedural difficulties if it is not handled by experts.

Critical Paths

The 2 most common critical paths in DRT schedules are the vehicles (specification,
bidding, procurement, checkout) and the radios (FCC license, radio manufacture,
installation). Both of these paths need to be carefully monitored.

Service Mix

DRT includes a wide range of services (many-to-many, many-to-one, subscription,
parcel delivery, shuttle, many-to-few, route deviation, and any mix of these). The
mix of services should be chosen after careful consideration of the service objectives
and economics. Often, choosing the right mix from the very large number of possible
combinations is not immediately obvious, but the wrong mix will be costly and em-
barrassing to change after service has started. :
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This paper discusses some aspects of implementing various DRT services, emphasizes
funding at the state and federal levels, and reviews what several state transportation
departments are doing with respect to DRT.

FUNDING

Identification of federal and state funds for DRT services is almost impossible for 2
reasons: Funding from state sources varies from state to state, and new federal legis-
lation has not at this writing been signed and it is premature to estimate what programs
the final legislation may affect.

In California, local funds are available through the state Transportation Develop-
ment Act-of 1971. In Michigan, funds from a special addition to the gasoline tax and
some general funds are available for DRT services. Equally as important as having
available funds is identifying the need for funds. At present, the tendency is to find
a program to go with available funds, whether the program has high priority or not.
What we really need to do is to establish the need for service and then work with state
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administrations to obtain funds to meet that need.

In California, we are at work now on establishing those needs. The legislation that
established the California Department of Transportation also called for development of
a state transportation plan. The first part of this plan will identify our needs for public
transportation. The plan is being developed with input from the local governments. '
Some of the areas, especially the smaller urban or rural areas, may be overly cau-
tious in their needs for public transit, but the process for producing the plan is con-
tinual, and we already see an increased awareness of transit needs.

Federal funds through UTMA are mostly concentrated in the capital grants program.
Since regular DRT service has gone beyond the demonstration phase, funds through
that channel, I think, will be hard to justify. Funds for operating and capital expenses
are available through other federal programs such as Title 3 of the Older Americans
Act.

These various programs are quite detailed and complex. For instance, capital
assistance funds from UMTA for nonprofit, private organizations are available on an
80-20 basis to provide service designed predominantly for the elderly and handicapped.
This program (known as 16b2, after the Federal-Aid Highway Act of 1973 amendment
to the Urban Mass Transportation Act of 1964) is an excellent example of the tendency
to establish a program to fit the fund.

GROUPED SERVICES

I want to emphasize the importance of combining services. At present, we have pro-
grams to provide mobility to the elderly and to the handicapped, to provide hot meals,
and to provide transportation services as part of a variety of subsidized social pro-
grams. Often these services operate in competition. One of the great advantages of
DRT service is that it is flexible enough to meet the needs of almost all of these pro-
grams. Only when there are heavy volumes and common trip ends do fixed-route sys-
tems enter the competition. Grouping services can potentially reduce overall trans-
portation expenses in many areas.

MARKETING

DRT can serve a variety of riders, but the market segments must be identified and
then the service marketed to that segment. In doing so, community support can be
increased. You can easily show the garage owner that DRT not only provides good
transportation to those who leave their cars for repairs, but costs the garage owner
less than having a garage employee transport them. This leads to the second point.
Decision makers will back a system—even if it is costly—as long as it has community
support. University student groups, PTAs, chambers of commerce, and social, ser-
vice, and conservation groups are examples of potential supporters. Our goal should -
be to implement a service for which there is a waiting market for the product, not to
create a service and then look for a market.

Successfully selling an operating system, especially a DRT, also depends largely on
employees, especially the drivers. They are the best market developers. A happy,
helpful, courteous driver can attract ridership, and the opposite can certainly lead to
disaster. ’

INSTITUTIONAL CONSTRAINTS

Institutional constraints should be identified, understood, and dealt with before service
is implemented, if at all possible. Artificial barriers such as city limits and county
lines do not always coincide with logical service areas, but they can limit service.
Users are not aware that and do not always understand why institutional constraints
prevent the provision of reasonable service.
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COST OF SERVICE

Often we fail to identify the real cost of transportation. The perceived cost of auto-
mobile transportation is low; the true cost is unknown. The cost to the responsible
agency of public transit is easy to identify, but the hidden cost (usually a negative
value, i.e., a cost of not having the service) is not easy to identify. Nationwide, at
any one time, about half of the population cannot be served by the automobile. Among
this 50 percent are people who cannot get employment, cannot get to the doctor, and
so on. The point is that the lack of transit service may be the reason that some -

are on relief. What then is the cost of not having a transit system? Public transit
seems to cost a lot of money, but in almost all cases the alternative may cost society
a great deal more. We have reacted to the perceived cost and ignored the other costs.
We are now beginning to credit transit for reduced pollution and congestion and in-
creased energy efficiency, but we still are not looking at the total costs.

STATE TRANSPORTATION DEPARTMENT ACTIVITIES

Of the 26 existing state transportation departments, about half have major units that
have public transit responsibilities. Few have active DRT programs. Many provide
technical assistance to agencies within the state. In most cases, this includes feasi-
bility studies of possible implementation sites.

Most state transportation departments are still defining their role in public transit.
This role is made more difficult by the relations that already exist between local and
federal governments. In the past, state governments generally have been hesitant to
aid local governments in developing solutions to public transit problems. -That void
was filled by federal involvement and programs. Now, for the states to establish a
role, the previous relation must be changed.

Public pressure to develop new policies in relation to clean air, urban sprawl, noise,
mobility for those without it, and resource conservation is forcing changes in public
transportation. To be responsive to these types of issues and carry out other respon-
sibilities, states must develop equitable allocation of state and federal pass-through
funds, coordinate public services, and provide technical assistance. In other words,
the states must become more involved and more active.

In preparing this paper, I contacted staff members of 17 states that are most apt
to be involved in DRT activities. I received information from 11; only a few are di-
rectly involved in DRT. Of those, the following 4 examples illustrate the range of
activities that state-level organizations can be expected to be involved in.

Oregon

In 1973, Oregon established a cooperative program (known as the Special Transporta-
tion Program) to improve mobility for disadvantaged in 6 areas of the state. Funds
from federal programs were combined with local and state funds. Three demonstra-
tion projects resulting from this program involve DRT service.

1. In Albany, a combined fixed route-route deviation service (by telephone request)
has been established. The goals of this project are to use private enterprise such as
taxi service to provide demand-responsive service, establish problems and solutions
involved in intergovernmental multiple funding, and group social services to minimize
costs.

2. In Columbia County, a system that serves senior citizens is operating (it was in
existence before the state program but is continuing with state assistance). This ser-
vice operates buses primarily in rural areas (only one city in the county has a popula-
tion of more than 5,000). Highly personalized service is provided for the senior citizens,
who represent almost 12 percent of the county's population. Use of the service is via
reservations through senior citizen centers. Donations are collected and fund-raising
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activities are used to augment the local share of costs (community support!). Funds
from the state and Title 3 of the Older Americans Act provided for the costs of the
program.

3. In the Portland area, about 12.7 percent of the population is in the elderly cate-
gory. A project here attempts to coordinate several separate systems that already
provide service for the elderly and handicapped. The object is to demonstrate the ef-
fectiveness of maximizing the use of these services. In 6 months of operation, the
project has more than doubled its projected ridership. It now serves about 4,000 riders
monthly, and agency participation has greatly increased.

Data on these 3 systems are given in Table 3. In addition, the state is quite active in
marketing these services to maximize ridership and fare revenue.

Florida

Florida's Division of Mass Transit Operations is involved in a number of projects to
improve systems in that state. It has a cost-sharing program in which 10 to 100 per-
cent of costs are funded depending on the project (generally, it is one-half of the non-
federal costs for local programs). At present, no DRT system exists in the state. A
transportation of the elderly (TOTE) demonstration program is in operation in St.
Petersburg. It is identified as a modified door-to-door, non-fixed-route, subscription,
demand-responsive system. It began operation in September 1973, uses 13 special ve-
hicles, and basically provides mobility for the elderly and handicapped. A full DRT
system is being planned for St. Petersburg in an area not easily served by a fixed-
route system.

Wisconsin

The current budget for the Wisconsin Department of Transportation includes funding
for 2 state transit-aid programs. The first of these provides $5 million for operating
assistance and $2 million for planning and demonstration projects. Under the second
program the first demonstration project is to be a DRT system in Merrill. The city
will provide 10 percent of the funds and will be eligible for operating assistance at the
end of the 1-year demonstration.

One of the objects is to study the feasibility of consolidating the transportation ser-
vices currently provided in that city. Estimated cost for 1 year is $170,000. In the
October 1974 issue of Wisconsin Urban Transit Trends, the project is discussed as
follows: In addition to providing benefits to Merrill, this project will give department
staff first-hand experience in the design and operation of a demand-responsive transit
system. This will enable DOT staff to respond to requests by other systems throughout
the state for assistance in analyzing the feasibility of similar systems. Although there
are demand-responsive transportation services being provided to the elderly and handi-
capped in other parts of the state,
the Merrill project will represent
the first demand-responsive sys-

Table 3. Demand-responsive transportation projects in Oregon. tem open to the general public in

Wisconsin.

Item Project 1 Project 2 Project 3
Funding, dollars .

State 18,279 34,638 45,000 i ehi

Local 31,862 14,831 22,609 Mthg;aﬂ

Federal 22,976 11,356 36,578
Total 73,117 60,825 104,186 In 1972, Mlclugan established an
Miles operated/month 2,600 55,523 - ass1stanc'e program to prov1dg
Riders/month 1,687 - - support, improvement, expansion,
Operating costs/mile, dollars 0.196 : : -
Cost /passenger, dollars 2.50 and establishment of public trans

portation systems in that state.
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Included are 3 types of projects: operating assistance, demonstration, and capital.
Under this program, 100 percent funding can be provided by the state from gasoline
tax sources.

The revenue source provides about $20 million per year in a state General Trans-
portation Fund. Fifty percent of this amount goes directly to metropolitan areas with
public transportation services. Most of the rest of the funds are for state-established
demonstration projects. Of the programs thus funded, the one of particular interest
is the Dial-A-Ride Transportation (DART) Program. This program is designed to
provide basic transportation services in nonmetropolitan areas of the state. Door-to-
door, shuttle-bus service between major traffic generators, charter service, and
package delivery or combinations of these are allowed.

The first Michigan DRT service was established in September 1971 in Ann Arbor,
before the DART Program began. Since the DART Program, DRT service has ex-
panded considerably. For instance, in the first year, service was implemented in
8 cities with populations ranging from 9,000 to 35,000. At the end of 1974, 9 cities
had DRT, and 9 others expected to have it by the middle of 1975.

During the first year of operation, the state pays all the capital and operating costs
except for a local $1,000 commitment. After the first year, the state continues to
provide about 30 percent of the operating cost of the systems. The estimated costs
for the first year for the typical installation is $175,000, which provides for four 12-
passenger vehicles with radios operating 60 hours per week each. The typical fare
is 50 cents; senior citizen fare is 25 cents. Each of the DART cities will soon be
equipped with a vehicle designed for providing service to wheelchair users.

Another Michigan program is the Small Vehicle Acquisition and Operating Assistance
Program. This program is intended specifically to provide for obtaining equipment and
operating assistance for both new and expanded existing systems for cities and rural
areas where small vehicles are appropriate. Under it, programs to continue the orig-
inal DART projects to complete the 12-month demonstration program are eligible for
funding.

An experimental bus project in connection with DART is under development. A
variety of small buses will be placed in service and tested.

California

In California, the transportation department has no direct involvement in DRT services.
It does act as a clearinghouse for information and provides technical information on
such services. The California Transportation Development Act of 1971 provides funds
to local agencies to provide for public transportation or, if there are no unmet transit
needs that can reasonably be provided, to be used for road and street projects. In a
few instances, these funds are being used or planned for use to provide DRT service.
But this is a local program, and the state is only involved in administration of the
funds.

We are currently involved in identification of transit needs—both in the planning
effort associated with the state transportation plan and in separate studies. With in-
formation from these sources, we will work to develop other fund sources.
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Loren A. Ball, AC Transit, Oakland, California

We began DRT service on September 16, 1974, after more than a year of planning and
carried 603 riders the first day. At the end of 7 days, we had a total of 4,277 passen-
gers. Our passenger response to DRT has been about 3 times that of other DRT oper-
ations of comparative size. We are encouraged by this. :

The enthusiastic response to our initial service is the good news about our service.
The bad news is the trouble people had getting through on the telephone to get a bus to
provide them with door-to-door service. Part of the telephone tie-up is based on our
call-back procedure. To eliminate no-show customers, control room operators are
instructed to call back and get verification. We leave it to the discretion of the indi-
vidual operator as to whether a call-back is needed. After the first few days of being
swamped with phone calls, we installed 2 additional trunk lines for outgoing calls in
order to free the regular DRT numbers.

Even with the call-back procedure, however, we experienced a sizable number of
no-show customers; the first week we had some 1,200. That number has been daily
declining, and we feel that the initial pranksters have gotten their tomfoolery out of
their systems or, I should say, out of our system.

Statistics on numbers of people carried and numbers of telephone calls do not tell
the story. The most rewarding experience for us has been the response of the people:
senior citizens who call and thank us for providing them with a way to get to the doctor's
office or a friend's house, housewives who can now get to and from the grocery store,
unemployed people who can get to a job interview.

The area that we are serving is a 5-mile® (13-km?) district in the heart of Richmond.
Some streets are narrow and have speed-control dip gutters, which make operation of
a conventional bus impossible. Turns at some intersections are impossible for a 35-1t
(10-m) coach.

Faced with this problem, we decided the right DRT vehicle would be a minibus, but
we were not satisfied with the small buses on the market. So we took 13 of our con-
ventional buses, cut out a 6-ft (1.8-m) section, and rejoined the ends to make coaches
with a short turning radius. This included, by the way, removing the rear door. The
new coaches seat 18 passengers, rather than the 45 they used to carry. We remodeled
the inside with carpets, comfortable lounging chairs, tasteful paneling, and fresh paint.
One of the first riders on the new coaches said, after looking at all the improvements,
"This looks like the VIP room at American Airlines. Where's the bar ?'' We also
installed a distinctive musical tape, which sounds a melody to announce the arrival
of the DRT bus at a passenger's doorstep. We put a spotlight on each coach to light
the way to people's doors at night and provide them with security.

The drivers bid for the DRT positions during the regular sign-up. Control room
operators are screened through testing and chosen through seniority. We launched
an intensive 2-week training session with drivers and control room operators in sim-
ulated DRT situations. By having control room operators ride with drivers, we derive
the additional benefit of personal contact between people who will be working together.

DRT fares are 25 cents per person. At that low rate no transfers are issued or
accepted on DRT buses, including the BART to AC Transit transfer.

Our marketing of DRT services received assistance from Model Cities Program
employees, who made a door-to-door distribution of materials explaining what DRT
is and how people can use the service. The Model Cities people also helped by con-
tributing funds toward production and publication expenses of informational materials
and by purchasing $3,000 worth of bus tokens for free rides. The city of Richmond
assisted by including an informational brochure in a direct mailing, and the local com-
munity hospital included the brochure in its employees' paychecks. Other agencies
also distributed informational pamphlets.

We have not integrated DRT with conventional bus routings. Our DRT system is
superimposed over the fixed-route system in Richmond, but the two operate indepen-
dently.

The cost of operating DRT systems remains the most difficult problem to solve.
Even though there is a social need to be fulfilled, we have to ask whether the public is
willing to pay the price through taxes, higher fares, or federal or state subsidies.



IMPLEMENTATION AND OPERATION OF
NEW DEMAND-RESPONSIVE SERVICES

David R. Shilling, Orange County Transit District, California

This paper presents an overview of the problems, pitfalls, and potentials of initiating
and operating a new demand-responsive transportation (DRT) system. It is meant to
be not a comprehensive how-to-do-it manual but an attempt to highlight major steps in
the process of starting a DRT system and to provide the potential sponsor with useful
information on the formulation and management of a DRT operation. It gives the unini-
tiated an opportunity to learn from the experiences of others.

SYSTEM OVERVIEW

A DRT system is made up of a fleet of small radio-dispatched vehicles. The vehicles,
operating on city streets with flexible schedules, respond to requests for transporta-
tion as they are received by a central dispatcher. The dispatcher-scheduler combines
customer information regarding location, number of riders, and desired pickup time
with information regarding vehicle position, tentative routes, and trip characteristics
of other passengers. Using preplanned scheduling-dispatching procedures and a radio
communication link to a fleet of small buses, the dispatcher assigns a vehicle to pick up
and to deliver each customer from point of origin to destination. A 2-piece trip ticket
showing origin, destination, number of passengers, and promised bus arrival time is
completed. The ticket is stamped by time clock when the request for service is re-
ceived, when the vehicle is dispatched, and when pickup and delivery are made. The
customer is advised of the expected pickup time and, perhaps, the fare.

A large metal-backed map and magnetic pieces are used in the control center. The
magnetic pieces hold trip tickets containing the customer trip data—one kind of piece
denotes an origin and another kind, a destination. When a trip is assigned, colored
markers corresponding to the vehicle are placed on both pieces. These markers also
serve as pointers to the vehicle's next stop and effectively trace a tentative route for
each vehicle. When the bus arrives at a stop, the driver notifies the control center
operator, who updates the position of the bus on the map and in turn notifies the driver
of the next stop. The map, therefore, represents quite accurately the true state of
the system, i.e., vehicle position, customers on board, and customers waiting. Given
this full view of the system, the control staff can alter tentative routes as necessary
to accommodate new trip requests (1).

As calls are received and relayed to the driver via 2-way radio, the vehicle moves
through the city and passengers board and get off along the way. Passengers whose
origins and destinations are in close proximity are batched to increase vehicle produc-
tivity (passengers delivered per vehicle hour). In an efficiently planned and operated
system, service is orderly and predictible, fares are reasonable and commensurate
with the level of service provided, and wait and travel time is minimized.
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PLANNING THE SYSTEM

Planning any form of public transportation service requires that some thought be given
to what the operation is to achieve. A common experience in transit is to develop a
system in response to public outcries for service, only to be astonished at how little
the system is used. Marketing considerations aside, the key here is perceptions of
service versus the realities of operation. An interest group or city may support the
formation of a transit system only to find that the operation falls short of their expec-
tations in terms of frequency of service or route alignments. DRT can respond to
these problems because of its characteristic flexibility in routing and scheduling, but
it too can be poorly planned and implemented and inadequately operated (2).

Awareness of the characteristics of the service area, both geographically and demo-
graphically, is critical. For example, when will be the peak periods of demand? Who
will ride? Where will they be going? What will be the effect of weather on demand?
What seasonal variations in ridership can be anticipated?

The characteristics of the potential service area to be evaluated before system
operations start should include an overall evaluation of land use and demographic con-
siderations. The location of major employment centers, commercial or industrial
complexes, and open space and recreation centers should also be considered. An
analysis of the population within the service area should be undertaken, particularly
the location of senior citizens and the young and concentrations of minority populations,
for these groups have a high propensity to use DRT. Other considerations include the
location of schools and other activity centers, employee origin and destination data (if
available) and nodes of major employment, and other transportation services existing
in the service area.

FUNDING

The cost of operating a DRT system is not cheap, and in most situations deficits are
inevitable. To break even in virtually any transit system where demand is relatively
low and costs relatively high is not a realistic goal. To place the break-even goal
above providing good, low-fare service can only result in increasing fares to cover
costs, which will drive patrons away from the service and result in even higher losses.
This has been the experience of transit operators for years. Perhaps now, with the
availability of other funding sources, this trend can be reversed (3).

Funding transportation services has been a major stumbling block to system develop-
ment in underfinanced areas. But many sources of money are available, and special
service contracts with public agencies having access to revenue sharing funds or other
sources can provide services to special-need groups such as the handicapped, the el-
derly, and the poor while underwriting some of the cost of the operation. Private con-
tracts can also be negotiated with business firms and shopping centers to defray part
of the cost of service in return for providing transportation to employees and shoppers.

If the system is to be successful, an ongoing local commitment to funding is neces-
sary. An area that can only scrape together enough money to operate a bus system for
a limited period of time is asking for trouble. Once service is instituted, those who
begin to rely on the operation will not tolerate its untimely extinction. Historically,
bus systems that have given potential riders this treatment never regain their patron-
age regardless of ultimate improvements in the operation. Thus, it is necessary to
operate a competent system from the beginning and to make a commitment to an on-
going program of ever-increasing service.

MARKETING
Marketing the DRT system is paramount to its success. It will be a new concept to

most people. Consequently, significant time and money should be expended to tell the
people about the new service and how to use it.
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A small city, in response to a perceived demand for bus service, may quietly ini-
tiate a limited system with modest funding and be rewarded with limited patronage and
correspondingly modest revenues. An operating system not only needs promotion but
needs preservice surveys to determine the market it will serve. Other marketing tech-
niques that can be employed to determine public opinion and desires about public trans-
portation include attitudinal surveys to determine what people want (and do not want)
their public transit system to be like. This activity also develops a public awareness
of the system even before service begins. A stratified random sample of 300 house-
holds was made prior to the initiation of service in La Habra, and follow-up and on-
board surveys are planned (4). The data gained from such surveys can provide the
operator valuable information for use in attracting more people to the service and can
aid in system design prior to actual operations.

Local communities that begin the development of a bus system without undertaking
preservice surveys to accurately assess the utility and potential use of the service are
risking a large sum of money and political embarrassment if that system fails. Sur-
veys must be undertaken, and questions must be worded carefully so that those inter-
viewed know exactly what they are responding to. For example, a survey in La Habra
indicated that 55 percent of the population said they would ride the DRT bus at least
once a week. But because the survey was vaguely worded, the La Habrans thought
they could go anywhere in Orange County on the DRT bus. This wildly inflated their
positive response; in fact, only 5 percent of the population rides DRT once a week (5).

While preservice marketmg surveys may provide insight into system design needs,
an ongoing promotional and advertising program must be established and maintained as
service is initiated and ridership builds. An aggressive direct-mail campaign, door-
to-door contact with the business community, advertisements in local newspapers,
"'"demonstration days'' at local shopping centers, and cooperative promotional events
between the operator and local merchants can highlight the advertising effort. It is
best, however, to limit promotional activities during the first few months of operation
to avoid an inundation of requests for service. Ridership should be built gradually as
driver and dispatcher experience increases. This will minimize the number of patrons
who get relatively poor service during the critical initial months of operation.

More personalized advertising can also be undertaken. In La Habra, for example,
bilingual employees were sent into the Mexican- American community to inform Spanish-
speaking residents about the service. A bilingual brochure was also developed and dis-
tributed, and drivers and dispatchers took a conversational Spanish course to better
assist Spanish-speaking patrons and to stimulate minority use of the system (6).

Perhaps the most effective promotional tool is the service itself. The buses on the
street provide visibility; and if drivers and dispatchers are friendly and helpful, word-
of-mouth promotion from customer to customer can largely result in the public's posi-
tive response to the DRT system.

PERSONNEL AND TRAINING

Employees can either make or break the DRT operation. No amount of planning, pro-
motion, or fancy vehicles can overcome the negative reaction of the patron to a surly
driver or rude telephone operator.

Responsibility for the recruitment, training, and maintenance of staff lies with the
DRT manager. The manager must have the ability to select the right people and to
provide them with the right skills. He or she must be able to instill in them the per-
sonal desire to provide excellent service to the public. Without these capabilities,
the system will suffer. Selection of DRT supervisory personnel should be carefully
done.

Personnel requirements will, of course, vary from one site to another. Specific
vehicle requirements, hours of service, and labor pool available in the area selected
are all factors to consider. However, a few rules of thumb can be extrapolated: For
each bus, 1% drivers are usually required. If a 12-hour service day is planned,
ideally tw1ce as many part-time drivers are needed as full-time drivers because of
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the need for split-shift scheduling and accomodating peak-period vehicle needs.

Controller-dispatcher requirements will vary with fleet and service-area size and
demand, but 1 controller for every 4 buses (2 for 5 buses) is about right for most man-
ual systems. During off-peak periods in a small system (i.e., 6 buses), 1 dispatcher
can also perform the functions of telephone receptionist, vehicle scheduler, and dis-
patcher. However, during periods of high demand, or in larger systems, these 3 func-
tions will have to be divided among several people. Optimal operations achieve the
desired level of service with the minimal number of employees.

Personnel training involves preemployment screening of applicants and on-site
training under simulated DRT operating conditions. Ideally, drivers and dispatchers
are cross-trained to afford opportunities to shift employees from one function to an-
other as required. Aptitude tests in basic knowledge and logic are necessary, for
DRT operations require that employees have initiative and ability to solve problems.
Spatial perception testing is also important in the determination of a dispatcher's
ability to be efficient at assigning passengers to vehicles and routing vehicles through
the service area. Although not a prerequisite for employment, potential drivers
should be trained and tested for any special class of driver's license required by state
law to operate a vehicle for pay or to operate a vehicle that exceeds certain seating
and weight maximums.

After employees have been hired, a 2- to 4-week training course should begin before
service starts. This training program should include vehicle operations and accident
procedures, telephone handling, scheduling and dispatching, service area familiariza-
tion, safety programs, and general administrative and personnel regulations. Having
drivers and dispatchers practice the pickup and delivery of passengers at hypothetical
origins and destinations provides excellent training and improves the employees'
problem-solving capabilities.

Employees hired after the start of service are given on-the-job training under the
direction of the system supervisor or a senior driver or dispatcher. Ongoing training
must also be undertaken to maintain a high level of proficiency, to ensure adherence
to safety procedures, and to keep the staff up to date on the latest changes in proce-
dures or the service area or advances in system operation techniques.

An operation employing a part-time staff of housewives and college students is more
easily managed and less costly than one involving a union. In such situations, modifi-
cations to recruitment and training programs may be required. However, DRT opera-
tions staff must be screened and trained adequately and continually monitored to ensure
safety, courtesy, and efficiency. DRT is far more personalized than traditional fixed-
route operations, and the close association of the DRT employee to the public can spell
the ultimate success or failure of the service.

Another opportunity worth investigating is contracting with local cab companies or
with local charter bus operators to operate the system. More than likely such a firm
will have an immediately accessible labor pool and maintenance facilities and perhaps
even vehicles to do the job. However, because of potential problems with the control
of a contract operator, this should be viewed as an intermediate solution. In the long
run, operation by or directly under the control of the sponsoring agency may be desir-
able. Determination of the ultimate operation formula will necessarily be based on a
number of political, economic, and administrative variables.

EQUIPMENT SELECTION AND MAINTENANCE

Basic equipment for the average DRT operation includes vehicles, fare boxes, radios
with console units and a base station, antennae, tow trucks, maintenance trucks,
supervisor's automobile, control room office equipment, shop equipment for main-
tenance, bus signs, and spare parts. In areas where there are existing transit prop-
erties, much of this equipment need not be duplicated. The most critical equipment—
vehicles, radios, and maintenance—is discussed below.

Satisfied personnel is the key to an efficient operation, but a vehicle fleet, adequate
in both size and reliability, is also a necessity. Most operators who have experience
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with small buses agree that a really good DRT vehicle does not exist. The claims of
small bus manufacturers to the contrary, virtually every bus in the under-30-ft (9-m)
category suffers from some mechanical deficiency. Most small buses have a medium-
duty truck chassis; brakes, transmissions, and other subcomponents are inadequate to
meet the demands of day-to-day transit service. DRT system planning should include
a review of all available equipment, and vehicle capacity and cost should be matched
with estimated demand and available funding. For example, a 25-passenger German
diesel bus at $26,000 may not fit the requirements of a low-demand service area where
a van or taxi could handle the load or where the availability of diesel fuel (or a place to
store it) is in doubt or where an estimated 3 buses are needed but only $50,000 is avail-
able to purchase them or where parts and service are so distant that vehicle downtime
could spell disaster for the level of service. Vehicle selection must be based on the
requirements of the service and the ability of the operator to purchase and to maintain
the equipment.

Radio communications, the nerve center of demand-responsive transportation, is
important. In most small-bus operations, 2-way voice communication with base sta-
tion and console in the VHF or UHF bands will be adequate. But in high-demand areas,
digital communication may be necessary to minimize airtime. In rural areas the avail-
ability of frequencies may be greater than in high density urban centers. The Federal
Communications Commission controls the allocation of frequencies. A check with that
agency early in system planning is necessary. In some cases, local jurisdictions may
be willing to share a public works frequency. In others, existing transit properties
may already have a spare frequency in reserve that could be used.

Radio equipment can be maintained under a maintenance contract with the distributor
or a local radio shop or by the public communications department of the city or county.
In any event, radio equipment and frequencies adequate to meet demand should be
planned for early, and a reliable maintenance program established.

Equipment maintenance is a real concern. Vehicle reliability is necessary to main-
taining an ongoing high level of service, particularly where demand requires that most
equipment be in operating condition. If operated by an existing transit entity or taxi
firm, vehicle maintenance can be undertaken in the existing shop. But if the DRT is
self-sufficient, a maintenance staff should be hired or a maintenance contract written
for regular maintenance and emergency needs. Often, a local truck dealer or large
garage can accommodate this requirement. The maintenance program should also in-
clude bus washing and sweeping—a good parttime job for a high school student. Towing
and tire repairs can be provided by a local garage or service station.

ACCOUNTING, RECORD KEEPING, AND MONEY HANDLING

Responsibility for records and money rests with the DRT manager. Records pertaining
to passengers carried, revenues, driver hours, mileage, and fuel and 0il consumption
must be maintained not only for budgetary reasons but as a means of assessing the
overall efficiency of the operation in terms of cost per hour, per passenger, or per
mile. When costs exceed realistic maximums, a review of operational efficiency
should be made. On the other hand, when excellent system performance is achieved
at costs lower than expected, rewards to the manager and staff are in order.

Weekly passenger and fuel summaries should indicate the number of passengers,
hours driven, mileage, and fuel and oil consumed. A comparison of weekly costs and
revenues can be made to determine accuracy or to identify a possible pilferage prob-
lem.

Monthly reports summarizing ridership, revenues, and mileage and analyses of
trip tickets from selected days should be made to determine level of service in terms
of wait and ride time, early or late pickup time deviation, and vehicle productivity
(expressed in the number of passengers carried per vehicle hour). Other items in
the monthly report include maintenance records and vehicle downtime by vehicle.

Fare revenue deposits are reconciled with ridership records as an accuracy check.
The removal of fares from locked fare boxes is done by a trusted employee who counts
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the money, compares receipts to ridership by vehicle, and deposits the money (in a
DRT account, for example). A statement is submitted, perhaps weekly, to the con-
trolling agency's accountant or comptroller. Detailed costs analyses are also devel-
oped in which are itemized salaries, maintenance costs, supplies, fuel, marketing
and advertising cost, insurance, vehicle depreciation, uniform rental costs, and
management fee (if any). Cost per mile, per passenger, or per hour can then be de-
termined.

COMPUTER CONTROL

Much has been said about advances in computer technology and its use in DRT opera-
tions. In a small system (one that has fewer than 15 to 20 buses and 100 service re-
quests per hour), the receipt of calls for service and the scheduling and dispatching
functions can be handled manually. But in a system having more than 15 to 20 buses
and 100 requests per hour, a computer may be necessary.

Because of the economies of operating a larger fleet from a single communication
center, automated scheduling and dispatching techniques are attractive to the large
system operator. Moreover, a well-refined computer program can also make deci-
sions with fewer errors—thus, maximizing the efficient use of employee-hours and
vehicles and providing a corresponding higher level of service to the user.

The algorithms for such a system are being developed and tested at the Haddonfield,
New Jersey, Dial-A-Ride Demonstration Project, and other private organizations have
also developed computer-aided scheduling packages to assist in efficient operations in
high-demand situations. Computerization can also assist in more efficient means of
compiling and analyzing other system characteristics, such as

1. Real-time optimization of level-of-service variables (wait and ride time, pickup
time deviation, and vehicle productivity),

2. A storage-retrieval information format for fuel consumption, maintenance, and
other vehicle parameters,

3. A vehicle-monitoring system in which the performance of vehicles can be mon-
itored on an ongoing basis, and

4. A vehicle locator system tied to the dispatching processor for spontaneous inter-
rogation of vehicle location and a consequent higher level of machine-made trip assign-
ment.

In a single DRT module having few vehicles or relatively low demand, these on-line
monitoring characteristics are a luxury. However, in larger, more active systems or -
a system having several DRT modules, computerized information files, cost-effective
automated scheduling and dispatching, and a real-time management information mech-
anism present real opportunities for greater efficiency in the transportation system.

CONCLUSION

Demand-responsive transportation offers the operator and the patron a unique oppor-
tunity to provide and to enjoy the benefits of door-to-door transportation at reasonable
cost. Whether the operator is a transit agency, taxi company, charter bus company,
independent management consultant, or local public social service agency, good ser-
vice can be provided if several rules are followed.

1. Thoroughly understand DRT as one kind of transportation service and be sure it
fits the needs of the area for which it is being considered. One of the basic rules of
traffic engineering, for example, is to draw up the pavement striping plans before the
first cubic yard of dirt is moved. In other words, plan the system around the function
it is to serve. In some areas, shuttle, loop, or fixed-route may better serve the commu-
nity than DRT. Consequently, needs must be identified first and then the system planned
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to accommodate those needs.

2. After the requirements of-a system have been identified, determine a financial
plan. Modifications of desires to fit available funding may be necessary in terms of
not only capital acquisition needs but also operating costs. In all but a few unique in-
stances, systems touted to pay for themselves from the fare box have been a fiscal
disappointment. Be prepared to subsidize the operation.

3. Understand that time and money invested in a marketing and advertising pro-
gram will be returned, with dividends, in terms of patronage, revenues, and public
support.

4. Develop a sound personnel recruitment, training, and management program.
This will ensure an efficient operation, satisfied employees, and a good image with
the community.

5. Select equipment and plan maintenance carefully. Unless vehicles, radios,
and other equipment are adequate and reliable, the operation will suffer.

6. Develop sound accounting and reporting procedures to prevent losses and to
monitor system efficiency.

7. Do not go to computer control unless it is needed. If a manual system provides
fast and efficient delivery of customers from point A to point B, then the goal is
achieved. But if a computer is needed, evolve the manual system to computer control
over time.

8. Do not expand too fast. The initial success of a small system may lead to ser-
vice being overextended. As a result, costs can increase beyond budget limitations
and level of service will fall. The system will be less attractive and therefore less
used. Be realistic, identify needs and inventory various opportunities to provide ser-
vice, take time to identify the system that best serves the needs, develop surveys and
preservice information to determine potential levels of use by various market groups,
evaluate funding capabilities, seek financial sources, and perhaps contract operators
to operate the system.

9. Seek professional help if you are uncertain about your abilities to achieve these
things. There is nothing more embarrassing than to move forward with a visible public
program only to see it fall because of inadequate planning or inept management. A
realistic program, well thought out, funded, and instituted will in the long run better
serve your needs and reflect well on your planning wisdom.
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The first step in implementating a DRT system is to establish goals and objectives.
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Why is that important? If your goal is simply to run buses, then the system planner
and designer will produce a much different system than if the goal is to improve the en-
vironment or to reduce the number of cars per household or to transport senior citizens
at low fares. Goals should be specific, and objectives should be set to measure goal
achievement. As consultants, we insist that transit districts or communities have
goals; otherwise, we cannot design systems for them. Goals affect the number of ve-
hicles, the way people are trained, and every aspect of the operation.

Program management is also extremely important. A single person should be ac-
countable and responsible for the planning and design of the DRT system. That per-
son will of course be supported by a number of people. The job of program manage-
ment should not be given to an assistant clerk because he or she is the only one who
has the time to do it. The program manager should be at a high level in the organiza-
tion and be able to make decisions (because there will be a lot of decisions to make)
and to report directly to the transit agency or the community or the city council or
the mayor. The program manager must understand the goals and objectives and en-
sure that they are met in the planning and designing of the DRT system.

Planning can be thought of as part of system design, but system design also includes
determining hours of service, fare collection methods (credit card, cash, or tickets
sold on the outside), type of control system, location of the control center (in La Habra
and La Mirada, the control center is in the city administrative building, where it is
highly visible), and areas of high ridership potential. Signs, benches, shelters, and
curb painting must be considered during system design.

Point-to-point travel times must be determined. Typically a demand-responsive
vehicle will move at about 12 mph (19 km/h) while making pickups and deliveries, de-
pending on the type of area. La Habra has a grid street pattern and many through
streets, both north and south and east and west, and is ringed vertically by 4-lane,
40-mph (64-km/h) arterials. Buses can move quickly in this city. La Mirada, on
the other hand, was designed as a city of cul-de-sacs to keep traffic out of the neigh-
borhoods. Vehicles have more difficulty moving in that city.

Hills, a freeway splitting the city, and railroad tracks bear on the design of the
system and the number of vehicles. If there are 2 cities of equal size but one of them
has hills, dead-end streets, and a railroad track through its center and another has a
perfect grid street pattern, more vehicles will be required in the hilly, less accessible
city for the same level of service.

The most difficult time for sustaining public support is during the lapse between the
time the decision is made to institute a DRT system and the time the buses start run-
ning. That lapse can be 3 to 6 or even 9 months, particularly if buses must be pur-
chased. Newspaper coverage is important during this period to keep the public in-
formed and interested.

Local business managers, taxicab operators, and private transit system operators
should be included in discussions of the DRT system from the outset. The taxi opera-
tor has expertise in this kind of service, and business managers may help support the
system with money or buying tickets.

The capital costs of most DRT systems are covered by matching grants. A serious
question then becomes, Where is the money to operate the system to come from? Only
about a third to a half will come from the fare box. There are a number of sources
of funds for system operation, but they should be explored before service is started.

During the implementation phase, marketing and sales promotion are important.
The project manager should talk to all of the service clubs, schools, and other groups
about the system, how it works, and how it will affect the community.

Also during the implementation phase control procedures will be carried out and
control personnel selected and trained. Spatial perception tests are useful in the se-
lection of these employees, for they must make judgments based on different points in
space. They have to visualize where the bus is, where it is going, and what stops it
will make en route. Simple clerical tests that are nondiscriminatory in both language
and intent are also useful in hiring control personnel.

Depending on the size of the system and the complexity of the area, demand-
responsive transit can become an excellent planning tool for other modes of transit



41

because data from the demand-responsive transit will reveal when and where people
move. In large and dense areas, demand-responsive transit can help in determining
where corridors should be for fixed-rail routes.

Marcel Zobrak, DA VE Systems, Inc.

I want to discuss how to obtain federal money for use in implementing a demand-
responsive transportation system. The principal program is the Capital Grants Pro-
gram of the Urban Mass Transportation Administration. Under that program eligible
communities can obtain 80 percent of the funds for all capital equipment and facilities
necessary for demand-responsive transit systems. That includes buses, maintenance
facilities, the land for the maintenance facilities, control room equipment, radios,
shelters, and signs. The other 20 percent must come from from local sources.

Funds are also available from the Federal Highway Administration. The-Federal-
Aid Highway Act of 1970 made some changes with regard to the Highway Trust Fund.
Money is set aside in that fund for the Interstate Highway System. If the community
decides it no longer wants the Interstate Highway, it can seek to get those funds for
transit use. The procedures for doing that are not yet clear, but the intent of the law
is that the funds can be used to procure capital equipment.

The Mass Transit Assistance Act of 1974 sets aside approximately $12 billion for
public transit. Of that amount, some $8 billion is for capital equipment and $4 billion
is for operating subsidies. Communities may borrow capital funds for use as operat-
ing funds if they choose.

The guidelines for applying to the Federal Highway Administration have not been
promulgated as of this writing, but they will likely be similar to those of the Urban
Mass Transportation Administration. In general they involve the submission of a
preapplication that briefly describes the program and the amount of money needed.
UMTA judges the preapplication and checks to see that the planning requirements have
been met not only at the city level but also at the county or the regional level.

If the judgment is favorable, the application is submitted that describes in some
detail the equipment and facilities, the expected cost, and the benefits to the commu-
nity, the users, and the operators. In addition, the application must describe in some
detail the system, the kind of operation, and its relation to other modes of transporta-
tion in the community.

UMTA must also be given a 5-year financial plan that includes a 5-year capital im-
provement program indicating how the system will be supported, how it will be ex-
panded, and how equipment will be replaced.

An environmental impact statement must also accompany the grant application.

Before the application is submitted, a public hearing must be held, which requires
that notice be posted 30 days before the hearing is held. The proceedings of the hear-
ing and the notice of the hearing must be incorporated in the application.

Section 13-C of the Urban Mass Transportation Act provides that UMTA cannot grant
money to any community in which those funds would adversely affect labor. A copy of
the preapplication, therefore, goes to the U.S. Department of Labor, which makes an
assessment of whether labor will be adversely affected. I suspect that what is most
often done is that the local transit union is asked, ''Do you think that this is going to
adversely affect you?'' If the answer is ''yes,'' the application is likely to be in
trouble. Communities would do well to clear their DRT plans with the local transit
union and with the Department of Labor.

These requirements are all outlined in an UMTA manual, External Operating Man-
ual, which is available from the Office of Public Affairs.
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George Gray, Division of Mass Transportation, California Department of Transportation

There are 28 state transportation agencies that aid local communities or transit dis-
tricts with planning guidance and funding. About half have definite groups that are in-
volved in public transportation and about a fourth are involved in DRT services. In
providing these services Michigan, Oregon, Wisconsin, and Florida are the most ac-
tive; Michigan is far ahead of other states. Several states have some involvement,
but usually on a single project. New Jersey, for example, has funded the Haddonfield
project to the extent of some $420,000.

California is not directly involved in DRT. The Transportation Development Act of
1971, better known as the 325 Program or the sales tax on gasoline, makes funds avail-
able for local use, and some of it goes to DRT services, but as local option money.
Local communities may do what they wish with it.

State assistance programs are bound to proliferate as new programs of resource
allocations, pollution problems, and other impacts of transportation facilities become
more apparent Almost all the states with public transportation units provide technical
assistance of some kind to the agencies within the state. The California Division of
Mass Transportation provides this type of technical service, but our studies are gen-
eral in nature. We identify the potential for new services only after a detailed study
is called for once the local decision-making body has established evidence of real in-
terest in a public transportation program.

The DRT activities in the Orange County Transit District and the Alameda-Contra
Costa Transit District have no state involvement. DRT in La Mirada and El Cajon
are city sponsored. The Santa Clara County DRT, which I think is going to be one of
the bell ringers, is a county project with 325 Program funding.

As most other states do, California provides technical assistance to establish a
variety of services where DRT may already exist, e.g., marketing, information sys-
tems, equipment specifications, and special services.

Claude J. Klug, Administrator, City of La Mirada, California

I am not a transit person and do not regard La Mirada DRT as being totally committed
to transit; in fact, I consider its second objective to be transit.

We marketed DRT not as just transit but as a new innovative service in a dynamic
city; it was part of the normal public relations program of the city.

When we started operation, we were overwhelmed with customers and had to back
off. In fact, I still have 10,000 free tickets in my desk that we never gave out. We
were one of the first cities in our area to start DRT (La Habra had started about 2
months earlier), and we really did not know what we were getting into. Basically
people were concerned that it was a boondoggle because we had committed a subsidy
of $100,000 a year for 5 years; the first year was for setting up and the remaining 4
years were for operation.

After we began operation, we found that we had oversold the system not only in the
volume of people we could serve but also in what the people expected. They expected
that they were going to get a vehicle at 8:02—not 8:00 and not 8:05. So we found that
most people turned to the taxicab service, but you do not get a cab at 8:02 either.

Our vehicles are brightly covered, and our control room is all glassed in and in a
prominent place in the City Hall. Almost anyone who comes in City Hall can watch the
DRT in operation.

We found a bit of irony with regard to our pubhc relations techniques. We put
packets together for TV stations and made personal visits to all the right people, but
got absolutely no coverage at all. About 6 months after we were in operation, the New
York Times did an article on us. It was picked up all over the world, and since then
we have had tremendous coverage.
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During our first year, we carried 110,000 people. We anticipated in our study that
we would carry about 50,000. We have reevaluated our system because it included
some things that we have not really liked, such as service for school children, which
cuts into other kinds of service. Since we are a city operation, we can change the
philosophy behind the system quite readily, and we do.

. We use the DRT system as a patrol system. A typical monthly report will give an
idea of what a DRT operator reported: ''Dead animal; small garage fire; bus 16 in-
volved in a hijack; broken glass on a street; two signals malfunctioning; illegal dump-
ing; dead animal; small brush fire; county truck involved with a private vehicle in an
accident; two dead animals; two large shepherd dogs loose in an intersection''—this
kind of reporting is a worthwhile service to the community. As a matter of fact, when
we started DRT, I indicated to the city council that I could justify the $100,000 subsidy
on the basis of services other than transit. We make other public facilities available.
We emphasize charter service. During those times of the day when demand is low,
we give free rides to the swimming pools in the summer or we have contracts with
shopping centers.

We have a radio communications system that we could not have if we did not have
DRT. We have a sophisticated FM paging system, and we only have that because we
have DRT.

Community image is important to us because we are not a property-taxed city and
we are always looking for business and industry. DRT has done a great deal in en-
hancing our image, Because of the publicity we got by being one of the earliest cities
to have DRT, people from all over the world have visited the city. Being in Los
Angeles County where there are 78 cities, La Mirada is almost unheard of. Many
times a good image may help an industrialist make the location decision.

In La Mirada, we had a major train accident in which a gasoline tanker exploded
and several propane cars were piled underneath. Thirty minutes after the police and
firemen were there our DRT system was in operation. The vehicles were available
and in use. What I am saying is that there are many other aspects to DRT than just
transit. In our case, they have paid off,

John H. Davidson, Yellow Cab Company, Los Angeles

My comments are based on personal experience and the experiences of personnel in
day-to-day supervision of demand-responsive services.

We have 2 forms of communication: the telephone that the patron uses and the radio
that we use to and from the vehicles and the communications center and possibly be-
tween the vehicles if we use a Simplex radio frequency. '

We start by getting the order. The DRT customer is quite similar to the taxicab
customer. A high percentage of the people have never used this type of transportation
before and many have language difficulties.

Sufficient time must be allowed to receive the orders, including recording the ad-
dress, the name of the party, .the number in the party, and the destination and giving
the patron an estimated bus arrival time. An analysis of more than 120,000 orders
indicates that a DRT order taker can handle from 2 to 24 orders a minute. By com-
parison, a taxicab order taker can handle about 4 orders a minute.

Telephone equipment should be simple at the start. We started out with a simple
instrument with a single incoming line without transfers or hold buttons and moved to
the sophisticated Automatic Call Distribution system with a large number of incoming
lines, hold buttons, and transfers. A beginning installation of 2 incoming lines, 2 in-
struments with both lines, and hold buttons duplicated on each instrument will handle
200 calls per hour.

Some peripheral equipment is useful and is available from the telephone system or
from equipment manufacturers. We found call counters on the lines to indicate
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incoming flow to be valuable and also circuit overload counters and all-truck-busy
counters. A device that we have found useful in DRT operation and in taxicab opera-
tions is a linear recording device that shows when the call was answered and how long
the conversation lasted.

Another item of peripheral equipment that is quite useful is a tape system to record
all incoming calls and all radio conversations. The cost is not excessive. It stops
many budding problems between dispatcher and driver and gives the DRT system oper-
ator a tool for analyzing and responding to complaints. The gruff order taker may
make a drastic change in attitude if conversations are recorded.

Radio equipment should also be simple. A dispatcher or order taker must have the
ability to route the calls and keep nonproductive mileage as low as possible. We find
that an experienced dispatcher can handle about 1.8 to 2.2 orders per minute. A por-
tion of the time is spent in the analysis of the orders to determine the most economical
routing, and a portion of the time is spent in radio conversations. Excluding the calls
by driver when the patron is picked up and again when the patron is delivered, radio
conversations with the driver average 5% to 6 per trip. In taxicab activity, the num-
ber of contacts will average from 4% to 5 per order.

If DRT is operated by a municipality or transit district, cooperation from the FCC
is better if the radio frequency used is from the public safety or transit bus frequency
blocks. If a private operator is to operate the system, even though under contract,
the use of assigned taxicab frequencies will expedite the initiation of the service.

Communications also include communications with the public and with the operating
personnel. In regard to communications with the public, although a taxicab operator
can start one of these operations in about a week from a technical standpoint, the
public needs more time to realize what additional transportation will be offered. One
system was inaugurated with 1 month's publicity and had 6,200 patrons in the first
month. Another system in an adjacent community had 1 week's promotion and had
only 3,000 patrons in the first month. The second operation required more than 8
months to approach, on a patron per vehicle hour basis, the first operation.

A continual line of chatter with employees must be maintained. This includes main-
tenance and office personnel, who are a vital part of this service. Let them know that
the service is important to the community.

Discussion

EDWARD FRANZEN: What is the relation of the passengers per vehicle trip and the
type of vehicle used, such as a big bus or a taxi?

CLAUDE KLUG: We started out with 3 minibuses and then 3 vans. We like the
smaller vehicles because there are so many cul-de-sac streets and people on the
streets are not so bothered by the little vans. If DRT is working well, a bus should only
have 2 or 3 people aboard it at one time, but people get disturbed when they see so few
people on board. We did not use the cabs because we wanted to change the image of
public transit. We have armchair seating so people can talk in a pleasant atmosphere.

DAVID SHILLING: The smaller vehicles are better received. We have 19-passenger
buses in our system. Rarely are more than 5 people on a bus at any one time. The
operating costs of the buses and the vans are approximately the same because the key
factor is the labor involved. As a transit authority, we have to plan our vehicle re-
quirements for the next 6 to 12 years to plan for the peak periods, and that is why we
operate the larger vehicles.

MARCEL ZOBRAK: A taxicab is cheaper to run than a van, so a trade-off must be
made. Many people who do not know each other do not like to sit close together as
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they must in a cab. On the other hand, the space needed for a van or small bus in-
creases operating costs.

ROY HELSING: If goals and objectives are properly set, the vehicle size should be
determined by those objectives. In Santa Clara County, one bus size does fixed-route
and demand-responsive service.

ROBERT SCOTT: How long do you wait for a passenger and still fulfill the spirit of
the service that you are trying to provide ?

JOHN DAVIDSON: In El Cajon, we wait 1 minute.

CLAUDE KLUG: This is not usually a problem because of telephone communications.
If the passenger is not there when.the vehicle arrives, the dispatcher calls. If there
is no answer, the vehicle goes. '

DAVID SHILLING: In Orange County we wait 30 seconds. If the load allows, we will
telephone them. If they say they will not be ready for another 5 minutes, we do not
wait. A l-minute delay at each stop for 15 or 20 passengers per hour during peaks
can be serious. People are also induced to be prompt because of other people who
are waiting. If you get a'dirty look from the people on a waiting bus, the next time
you will remember to-be on time.

MARCEL ZOBRAK: I think it is irhportant to establish a definite policy that the bus
will wait only 30 seconds or 1 minute. And, more important, to enforce it. If you
~ wait 2 or 3 minutes, then you are encouraging patrons not to be prompt.

ROY HELSING: A number of behavioral factors are involved in this door-to-door
service. If you are going to wait only 30 seconds, do not get there 10 minutes early; get
there 3 or 4 minutes early or no more than 2 minutes late.

ABRAHAM KHAN: Many senior citizens do not use taxicabs many times because of
the rates. If you design a demand-responsive system exclusively or primarily for
senior citizens, what type of initial marketing and promotion is required to overcome
their reluctance to use taxicabs if a taxicab company operates the DRT system ? Do
you find that the operation is somewhat more expensive when done by a cab company
than by the bus company or a private contractor who has no affiliation with the taxicab
company ?

JOHN DAVIDSON: Both cities I mentioned sell tickets for 50 cents. The driver
picks up the tickets and handles no cash. So we make no special attempt to go after the
senior citizens per se. When they find out that they can take a $2.75 cab ride for
50 cents, we have no difficulty with getting their patronage. The city in both instances
handled all of the advertising and asked some of our people and some of their people
to talk to the senior citizens clubs. They invited some of the senior citizen leaders
to come into the dispatching office in San Diego.

CLAUDE KLUG: We use slack times during the day to give senior citizens free
rides. We also had a senior citizens month during which they were given free rides. We
charged a quarter at the start and we now offer a senior citizen pass for $4.00 2 month.

WILLIAM MEGEE: What is the total customer-hour operating cost, including provi-
sion for vehicle replacement or depreciation? What are the hours of service ?

JOHN DAVIDSON: In La Habra, our gross vehicle operating cost per hour is about
$12.50, and that includes a depreciation factor for replacement of the buses after
about 5 years. Our net cost per bus is about $8.95. If we owned rather than leased
the vehicles, the cost would be slightly lower.
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CLAUDE KLUG: Our operating costs are 65.5 cents per mile, not counting deprecia-
tion. We contract our operation but own the equipment. Our cost per passenger is
$1.17.

JOHN DAVIDSON: In El Cajon, the city is charged 80 cents a mile for all the trips
on DRT or the El Cajon express. In La Mesa we lease the vehicle (a 5-passenger sedan)
with the driver to the city for $9.35 an hour. The city bought the vehicles because it
had access to the Program 325 money, formed a transit district, and leased the ve-
hicles to us for $1 an hour. So we really get $8.95 an hour from the city, but we pay
insurance, dispatchers, and so on out of that operation.

JOE COOPER: In determining an area in which to operate DRT, have you used com-
munity meetings for input?

DAVID SHILLING: When we developed our DRT expansion plan, we established cri-
teria based on needs of the elderly and unemployed and also on some factors such as
activity centers. We knew approximately that we wanted to run manual systems and we
had a feeling for a limitation on our capacity to do that. We presented our plan to our
board of directors, and we had 2 or 3 public meetings. Because the cities.are subsi-
dizing DRT, service areas for manual control correspond to city boundaries. Large
cities may be divided into 2 or 3 manual-control areas that could be aggregated for
computerized control later.

CLAUDE KLUG: We do not get any Program 325 money. The transit district did its
studies, had public hearings, and informed us that La Mirada had no need for transit.
Our answer is that, for an area that did not need any transit, we carried 110,000 people
the first year of operation. '

EDWARD FRANZEN: Have standard-sized station wagons, which have room for
baby strollers and can comfortably seat 5 people, been used for DRT?

CLAUDE KLUG: When we started out we thought we needed 6 vehicles, and we bought
4 and used my station wagon as the backup vehicle. In the first month of operation,
2 of the vehicles were down all the time, so my 9-passenger station wagon was in use.
But the question is, How much comfort and convenience do you want? Jamming 9
people in a station wagon lowers the level of service. It worked, but I certainly would
not recommend it. ’

EARL COVEY: Why have you stressed service so strongly and have not stressed
the cost of DRT?

CLAUDE KLUG: I said that we spent $100,000 a year of general fund money on DRT.
But again, this service like all other services is expensive. Police and fire depart-
ments, sewers, and roads are all subsidized, and transit is just another public ser-
vice. It is ridiculous to build swimming pools in parks and not have ways for people
to get to them. So I consider transit to be another municipal service, but it is not
free and it is expensive.

JOHN DAVIDSON: When we started DRT in El Cajon, we were giving fast service—
so fast in fact that we were hauling only 1 person per trip. We were running cab ser-
vice there too, and DRT was faster than the cabs. So we had to deliberately slow down.
The cost per passenger to the city is about 65 cents a person. I agree that transpor-
tation is beginning to be thought of as another service like sewers, water, and fire
and police protection.

CLAUDE KLUG: One thing that I as an administrator like about DRT is that you can
turn it off and on. You cannot do that with a fixed-route system. We can cut down
ridership any time by just slowing the level of service. The longer the response time
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is, the more ridership begins to fall off.

GEORGE GRAY: Many of the social programs have transportation costs built in
them, but they are not identified—they are charged against the social program. A large
part of the costs of the hot-meals program, for instance, is for transportation. If all of
these costs in all of the programs can be identified.as the transportation element and
.another associate program established, we may end up saving money.



IMPLEMENTATION AND OPERATION OF
INTEGRATED TRANSIT SERVICES

Gordon J. Fielding and Susan B. Grant, Orange County Transit District, California

In July 1974, the Board of Directors of the Orange County Transit District approved an
8-month study to plan the expansion and implementation of demand-responsive trans-
portation (DRT) in Orange County. The plan selected and assigned priorities to those
areas of the county with the greatest need for DRT service. The study outlined a short-
range and meédium-range expansion plan. The short range deals with implementation
during the next 2 years, and the medium range deals with needs through 1980.

Significant aspects of the short-range effort include the processes for selection of
the next areas to receive DRT service and the development of preliminary system de-
signs for the selected areas. Area selection was directed by the following guidelines:
serve those most in need, distribute OCTD services equitably, and use resources ef-
fectively.

Initially, 27 feasible DRT service areas were defined (Table 1). Area definition
criteria, given below, restrict the number of possible ways of drawing boundaries and
constrain the area and population size encompassed by the boundary.

1. Community service area boundaries should coincide with one of the following,
listed in order of preference: city boundary, LARTS traffic zone, census tract, river,
freeway, rail line, and major arterial.

2. Community service area should contain more than 8,000 but fewer than 32,000
households.

3. Community service areas should be greater than 6 but fewer than 22 miles?®
(57 km?) in size.

4. Community service areas should have at least 2 OCTD fixed routes serving the
area and at least 20 one-way miles of service beyond their boundaries.

The second stage of the area selection process involved screening the 27 manually
controlled areas to determine those most in need of additional service. A measure of
the amount of existing and proposed fixed-route services in each area was selected and
a cutoff value was established. Areas with less service than the cutoff value were con-
sidered for subsequent ranking, and areas with more service were not considered
further.

Service was measured in terms of route-miles (km) per 10,000 persons. The value
represents the amount of service that might reasonably be expected from a transit sys-
tem in its early stages of development with the given land use patterns in the county.
Simultaneously it permits enough areas to pass the criterion so that subsequent appli-

- cation of criteria corresponding to other guidelines is meaningful. Table 1 gives the
service measure values of the feasible areas and identifies those areas selected as
candidates for manually controlled DRT service.

The third stage of the selection process involved ranking the 8 candidate areas ac-
cording to criteria indicative of the need for and effectiveness of public transportation
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Table 1. Feasible demand-responsive transportation service areas.

Route-Miles Setected
Area Size per 10,000 Candidate

Area Population Households (miles?) Persons Area
Anaheim, Central 170,056 22,320 9.7 3.97
Anaheim, East 51,562 16,974 10.3 5.62
Anaheim, West 52,560 16,755 7.3 2.51
Buena Park 56,766 16,081 10.0 2.15 X
Costa Mesa 18,454 25,723 16.0 4,79
Cypress-La Palma 57,078 14,794 1.0 1,79 X
Fountain Valley 50,214 12,792 9.6 2.63
Fullerton 85,578 26,764 217 2.89
Garden Grove, East 80,399 23,268 9.4 3.22
Garden Grove, West-Stanton 14,572 21,689 7.3 2.60
Huntington Beach, East 70,029 20,514 13.6 2.30 X
Huntington Beach, West 17,725 22,338 10.1 1.70 X
Irvine 23,400 8,141 6.3 13.25
Laguna Niguel-Laguna Beach-

South Laguna-Mouitan Ranch 33,220 10,395 12.8 5.30
La Habra-Brea 65,975 19,182 11.2 2.09 .X
Los Alamitos-Seal Beach-

Rossmoor 36,715 13,769 10.6 6.54
Mission Viejo-El Toro- X

Aegean Hills-Leisure World 66,176 11,798 15.8 2.18
Newport Beach 53,276 21,985 14.6 7.30
Orange, North-Peralta Hills-

Villa Park 36,893 10,835 13.0 3.79
Orange, South 517,516 17,087 9.6 2.10 X
Placentia-Yorba Linda-Other 54,985 13,739 21.2 4.64
San Juan Capistrano-Dana Point-

Capistrano Valley-

San Clemente 45,950 12,516 13.7 4.87
Santa Ana, North 68,649 20,883 10.2 4.66
Santa Ana, Southeast 52,599 16,004 8.1 5.65
Santa Ana, Southwest 51,974 15,875 8.1 2.13
Tustin Foothills-Tustin 48,061 14,543 10.6 2.35 X
Westminster 69,583 17,566 10.7 2,01 X
Total 1,555,184 464,330 309.5

Note: 1 mile? = 2.6 km?.

Table 2. Ranking of selected candidate DRT service areas by 5 criteria.

Young and Elderly

Households Without
bile

Households With One
bile

Route-Miles per

10,000 Persons

Daily Expected
Patronage per
10,000 Persons

"All Criteria

Percentile
Per- Per- Per- . Per- Per- Score
Per- centile Per- centile Per- centile Num-  centile Num-~  centile
Area cent Score Rank cent Score Rank cent Score Rank ber Score Rank ber Score Rank Total  Final ‘Rank
Orange, South 40.2 63.2 3 6.1 100.0 1 370 96.8 2 2.10 38.5 S 21.2 100.0 1 389.5 100.0 1
Huntington Beach,

West 454  100.0 1 3.0 36.7 4 34.6 1.6 4 1.70 100.0 1 15.9 53.5 6 361.8 85.5 2
Buena Park 41.6 0.3 2 4.3 63.3 3 37.3 100.0 1 2.15 30.8 6 17.5 - 67.5 4 3319 3.7 3
La Habra-Brea 38.9 49.2 6 4.4 65.3 2 33.2 56.8 6 2.09 40.0 4 18.1 2.8 3 284.1 55.1 4
Westminster 38.8 $0.3 S 2.9 34.7 6 35.9 85.3 3 2,01 52.3 3 14.5 41.2 1 263.8 46.9 5
Huntington Beach, )

East 35.1 245 17 3.0 36.7 4 33.8 63.2 5 2.30 7.7 7 16.2 56.1 5 188.2 17.1 6
Tustin Foothills-

Tustin 32.6 0.0 8 2.6 28.6 1 31.8 40.0 K 2.35 0.0 8 19.5 85.1 2 153.7 3.5 7
Cypress-

La Palma 40.1 58.6 4 1.2 00 8 27.8 0.0 8 1.79 86.2 2 9.8 0.0 8 144.8 0.0 8
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in each area. Five criteria or measures were used in the ranking process:

1. Percentage of area population under 16 and over 64 years of age,

2. Percentage of area households without an automobile,

3. Percentage of area households with only 1 automobile,

4, Expected DRT patronage per capita [patronage estimation is summarized in
Appendix B of the report (1)], and

5. Miles of fixed-routé service per capita.

All areas were first ranked according to each criterion by converting the 8 raw mea-
sures corresponding to a criterion into percentiles. This conversion assigned a 0 per-
centile score to the worst of the 8 candidates and 100 to the best. Those in between
received percentile scores proportional to their measure. The 5 percentiles for each
area were then summed to give an overall area measure that was then used in estab-
lishing rank. The results of applying the ranking criteria to the 8 candidate service
areas are given in Table 2.

On the basis of purely technical considerations, service should be implemented in
the selected areas according to their suitability. But because of a policy requiring each
city to contribute one-third of the operating deficit, it was recommended that service
be initiated in an entire municipality rather than in only a portion of a municipality.

Based on this consideration and the recognition of the obligation to keep the im-
plementation sequence as similar as possible to the suitability ranking given in Table
2, the following implementation was recommended and approved:

Orange,

Huntington Beach,
Buena Park,

Brea,

Westminster,
Tustin, and
Cypress-La Palma.

Nogpwnn

The city of Fullerton was later added to the list to be implemented after Cypress-
La Palma as funds and vehicles become available.

PRELIMINARY SYSTEM DESIGN

A countywide DRT fare of 50 cents cash was established. Three children 6 and under
may ride free when accompanied by a fare-paying passenger. Some type of discount
fare may be established to encourage daily commuters. .

Service hours will initially be the same in each area, but subject to change accord-
ing to the requirements for each individual service area: 7 a.m. to 7 p.m., Monday
through Saturday.

Emphasis will be placed on integration of DRT with existing fixed-route services.
Patrons will be encouraged to use DRT as a feeder to the fixed-route services; as DRT
service expands, the fixed-route schedules will be developed into express services
through each DRT service area.

In general, the number of vehicles required to provide DRT service depends on the
area size, the level of service desired, and the demand rate (1, Appendix C). Table 3
gives the estimated patronage, fleet size, and vehicle hours for the DRT areas. Inall,
including the 7 vehicles currently operating in La Habra and the 20 vehicles for Fuller-
ton, 107 vehicles will be required to implement the first phase of the expansion program.

Commuter service will be encouraged within and between service areas. Essentially,
any concentrated employment center located in one service area that employs a mini-
mum number of people residing in that area or in another DRT service area will be
encouraged to contract with OCTD to provide commuter service for its employees.

The DRT bus will pick up the employees at their homes (gather) if concentrations can



Table 3. Fleet size, vehicle use, and vehicle productivity in feasible and selected candidate DRT service areas.

Expected
Patronage Fleet Size Vehicte-Hours
Expected
Peak  Peak-Hour In Passengers per

Area Daily Hour Demand Service Spare Total Weekday Saturday Annual Vehicle-Hour
Anaheim, Central 1,606 146 93 9 2 1 100 60 29,210 16,1
Anaheim, East . 212 110 0 9 2 11 100 60 29,210 12.1.
Anaheim, West 1,097 100 64 1 2 9 - 18 47 22,724 14.1
Buena Park' 994 90 58 8 2 10. 88 53 25,636 113
Costa Mesa 2,014 183 17 14 3 17 154 93 44,875 13.1
Cypress-La Palma* 588 51 33 5 1 6 56 34 16,328 10.0
Fountain Valley 686 62 40 1 2 9 8 417 22,724 8.8
Fullerton 2,063 188 120 16 4 20 176 106 51,272 11.7
Garden Grove, East 1,472 134 86 9 2 11 100 60 29,210 14.7
Garden Grove, West-Stanton 1,305 119 6 7 2 9 8 47 22,7124 16.7
Huntington Beach, East* 1,134 103 66 10 2 12 110 66 32,032 10.3
Huntington Beach, West' 1,239 113 72 9 2 11 100 60 29,210 12.4
Irvine 529 48 31 5 1 6 56 34 16,328 9.4
Laguna Niguel-Laguna Beach- ’

South Laguna-Moulton Ranch 807 13 47 9 2 11 100 60 29,210 8.1
La Habra-Brea" 1,193 108 69 9 2 11 100 60 29,210 119
Los Alamitos-Seal Beach-

Rossmoor 1,045 95 61 8 2 10 88 $3 25,636 119
Mission Viejo-El Toro-

Aegean Hills-Leisure World 883 80 51 10 2 12 110 66 32,032 8.0
Newport Beach 1,611 146 93 12 3 15 132 80 38,480 12.2
Orange, North-Peralta Hills-

Villa Park 811 14 47 9 2 11 100 60 29,210 - 8.1
Orange, South® 1,222 111 71 8 2 10 88 53 25,636 13.9
Placentia-Yorba Linda-Other 973 88 56 13 3 16 144 87 41,964 6.8
San Juan Capistrano-Dana Point-

Capistrano Valley-

San Clemente 863 8 S0 10 2 12 110 66 32,032 1.8
Santa Ana, North 1,875 170 109 10 2 12 110 66 32,032 17.0
Santa Ana, Southeast 1,260 115 74 8 2 10 88 53 25,636 14.3
Santa Ana, Southwest 1,361 124 9 12 3 5 132 80 38,480 103
Tustin Foothills-Tustin® 937 85 54 8 2 10 88 53 25,636 10.6
Westminster* 1,011 92 59 _8 2 _10 88 53 25,636 11.5
Total 31,761 2,886 1,846 249 58 307 2,752 1,657 802,313 115
*Sefected candidate area.

Figure 1. Phasing of DRT expansion program.
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Figure 2. DRT implementation schedule.
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be identified, take them by DRT express to the employment center, drop them off at
several stops around the center (scatter), and thus provide a type of dual-mode service.

Park-and-ride is another alternative. Combined with DRT, people can move from
one central location in the origin service area to the destination service area where
they can be either scattered around the employment center or dropped off at a transfer
point where another DRT bus picks them up and scatters them.

IMPLEMENTATION

The preliminary implementation schedule for DRT services in Orange County con-
sists of 3 phases (Fig. 1): expansion in selected areas, automation, and countywide
expansion. By June 1975, 107 DRT vehicles will be in service in various parts of the
county. By April 1976, all of those vehicles and others are scheduled to be under
computer control. By April 1977, DRT service is scheduled to be available to nearly
every resident of Orange County. The implementation process requires a multitude of
projects from designing equipment specifications to locating sites for the storage of ve-
hicles and fuel.

Equipment

In May 1974, a $1.6 million amendment to OCTD's capital grant was approved by the
Urban Mass Transportation Administration for the purchase of equipment for the DRT
expansion. After a careful review was made of a large assortment of transit-related
equipment available on the market, specifications were drawn up covering vehicles,
communications equipment, fare boxes, tow trucks, service trucks, supervisors' auto-
mobiles, shop equipment, control center furniture, and bus stop signs. Concurrently,
the OCTD Board of Directors approved the expansion plan and authorized its implemen-
tation in July 1974.

Subsequently, requests for bids went out for the vehicles, communications equip-
ment, and fare boxes. Equipment arrived in April 1975, the start-up date in the city
of Orange, the initial site for DRT expansion.

Communications

The Orange County Communications Department provided OCTD with technical assis-
tance in writing communication systems specifications, with installations, and in the
maintenance of all communications equipment. The communications equipment con-
sists of UHF base stations and 2-way mobile units with a multiplex channel capacity
large enough to meet all present and anticipated future transit district requirements,
including a future digital communications system and computerization. This system
will use base station sites and microwave links, which are also part of the fixed-route
system,

As implementation proceeds for the 8 sites, OCTD will initially use 2 mountain-top
UHF base stations, 1 UHF base station located centrally at the Orange County Commu-
nications Department, 3 microwave terminals, and 1 microwave repeater. As expansion
develops and as interference problems may increase, base stations and terminals lo-
cated at the individual sites will be installed. Because the 8 sites will be sharing only
3 frequencies, squelch tone will be necessary. For future digital communications and
computerized dispatching, the mountain-top equipment can again be used, for digital
communications use less air time for all 8 sites than manual communications.

For smaller DRT systems, shared use of a public works or motor carrier frequency
is an alternative to the application to the Federal Communications Commission for a
separate frequency. At OCTD's existing DRT site in La Habra, the VHF frequency of
the Department of Public Works is being shared with OCTD. As OCTD expands the ser-
vice to other areas, the service in La Habra will be shifted to UHF.
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Cities Involved

Each city involved in the expansion program must be contacted and involved in the pre-
liminary planning. The cities involved have been asked to contribute one-third of the
operating deficit of the system operating in the city. This will make expansion possible
into more cities than if the district were to finance the systems exclusively. Figure 2
shows the schedule of implementation. Each city council must formally endorse the
DRT service and agree to pay one-third of the operating deficit before system planning
will begin. A service area analysis for each area will be undertaken to pinpoint specific
characteristics of the area that may affect the service design. Trip patterns, employ-
ment, clusters of the young and elderly population, trip attractors, and other service
area characteristics will be analyzed. Because of the flexibility of DRT, changes from
the basic many-to-many service are possible and encouraged to accommodate unique
features of each particular service area. This analysis will take place concurrently
with negotiations with the cities and the managers and operators.

A contract with each city has been drawn up and designed according to each individual
city's service needs. Basically the contract will outline the service to be provided by
the district, a formula for the determination and payment of the one-third operating
deficit subsidy by the city, and the in-kind services each city is responsible to provide.

As much as possible, the cities will be asked to provide the control center and fur-
nishings, parking for the vehicles and visitors, storage for fuel, cooperation from its
local public works department, and advertising and promotional assistance. OCTD
will encourage fare subsidy contracts with the cities and with private employers.

Managers and Operators

Managers and operators for the individual service areas were selected by the OCTD
Board of Directors in January 1974, when the La Habra operation contract was opened
to competitive bidding for the second year. The first year's operator was maintained,
and 3 of the other 4 bidders were chosen to operate subsequent DRT service areas to
be implemented in the expansion. Each operator will be asked to manage and to op-
erate 1 or more modules for a minimum of 1 year, after which the operation will be
opened to a competitive bid each subsequent year.

Four or more operators will operate the 8 service areas to be implemented. Each
one will operate service areas in a common computerized area to avoid duplication of
control room space and supervisory personnel.

A standard contract with the operators has been drawn up and will be revised to in-
clude their particular needs and those of OCTD. Basically the contract outlines the
type of service to be provided. Each operator will be given a fee partially fixed and
partially incentive. There will be standards by which the quality and effectiveness of
each operation can be measured. Maintenance of the equipment can be undertaken in
1 of 4 ways depending on the individual operator's capabilities, proximity of the service
area to the OCTD maintenance facility, and services available in the local community.

1. All minor and major maintenance can be handled by OCTD. Mobile maintenance
units can travel to the DRT sites to do on-site preventive maintenance. Major work
can be done at the OCTD main facility.

2. Minor work can be handled by OCTD's mobile maintenance units, and major
work can be done by the operator or a local dealer.

3. Minor work can be handled by the operator, and all major work can be done at
OCTD's main facility.

4. The operator can lease OCTD's mobile maintenance units or hire the units and
do all minor work. All major work can be done by a dealer.

Each operator will be required to fill out weekly fuel, passenger, and revenue sum-
maries; monthly reports describing ridership, monthly occurrences, use of vehicles,
service characteristics, mileage, costs, and revenues; and quarterly reports describ-
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ing level of service, demand characteristics, trip patterns, peak-hour patterns, vehicle
productivity, and other characteristics indicative of the level of service. All of these
data can be obtained from the trip tickets filled out for each trip. Evaluation of each
operator will be based on these reports and weekly supervision by a district employee.
The district will analyze all costs, ridership, mileage, and vehicle-hour statistics in

a detailed monthly cost analysis. The data of each service area will be normalized to
provide a basis for comparative evaluations.

Training and Evaluation

The district will develop a training contract with a private firm for the training of the
personnel for the first phase of the expansion. As funds become available for a county-
wide expansion, OCTD will acquire its own training staff, who will maintain the con-
stant and careful evaluation of each operation.

The training program will consist of careful aptitude and general intelligence testing
of all applicants. Operating procedures manuals will be made available containing in-
formation in the areas of safety, management information, maintenance, and service
operation. Each comprehensive 2-week training period will emphasize dispatching
techniques, area familiarization and street layout, communications procedures, pub-
lic relations, and simulation of actual service. Each site will be supervised during the
initial service. Each operator will take full responsibility of his or her own operations
on OCTD approval of the recommendation of the training supervisor.

The evaluation program will consist of a monthly overview of each operation and a
detailed analysis of 1 day's operation taken from data from trip tickets, drivers' sheets,
and revenue and passenger summaries. Dispatching techniques and driver safety habits
will be carefully scrutinized to ensure the accurate pickup and delivery time estima-
tions, the efficient routing of the vehicles, and the safety of passengers. The level of
service will be analyzed by determining average wait and ride times and vehicle pro-
ductivity. Data from each service area will be normalized to establish a comparative
analysis among service areas. Normalization of data will be developed from each par-
ticular service area's individual characteristics (population, density, trip attractors,
income levels).

A careful review of management will take place monthly. The attitudes of the driv-
ers and the controllers are largely the product of positive or negative direction from
the manager, and day-to-day operations usually reflect those attitudes. Operational
efficiency can be effected by employee attitudes, especially in DRT, which has close
public contact. This attitude can encourage or discourage potential patronage.

Marketing

Promotion of each individual DRT service is essential to its success. The district

will work with each city to provide direct mail brochures, newspaper coverage, and
visibility through bus signs and benches. Marketing representatives will be used to
promote the service in major shopping and commercial centers. Private businesses
will be contacted to help promote DRT service by distributing brochures and discount
ticket books. Informing the public of this service but not overselling it is one of the
most difficult tasks of system operation. An initial heavy demand for service that can-
not be met can lower the level of service. A slow evolution to peak capacity is desirable;
as they gain experience, operators are better able to handle rush hours. The most im-
portant element in the promotional campaign is the encouragement of DRT as a feeder
into the fixed-route services.

CONCLUSION

The entire implementation process contains a multitude of tasks required in the prep-
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aration of a steady-state operation of all 8 systems. At that time, a full-scale evalu-
ation program will be undertaken. Up until that point, OCTD management will be pre-
paring contracts, arranging control center sites, registering vehicles, overseeing
training programs, and reviewing procedures for managers and operators. The de-
velopment of OCTD's DRT system represents one part of an innovative and aggressive
program to provide the public with new and better transportation service.
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For integrated DRT and conventional transit systems, the issue of control is consider-
ably more important than for single-module DRT systems. On the one hand the control
problems are more difficult, and on the other hand more capital-intensive solutions can
be considered because of the large number of vehicles under control. Unfortunately,
because of the limited number of existing systems, drawing conclusions based on ac-
tual operation is difficult, although such information will soon become available from
Ann Arbor and Santa Clara, in particular. This paper reviews the major control func-
tions required and presents the alternatives that have been or are being implemented

or are realistic possibilities for the near future.

The control problem may be subdivided into information transfer and decision-making
functions. Decision making is related to the operation of DRT vehicles, and informa-
tion transfer is related to service requests and vehicle activities. To facilitate de-
cision making requires an information base that is continually maintained by incoming
and outgoing information flows. The nature and extent of these functions depend on the
operational characteristics of the service. The range is from highly decentralized
decision making with minimal information flows, such as in many of the Canadian sys-
tems, to the highly centralized system proposed for expansion in Rochester. In general,
the greater the degree of decentralization is the less is the need for sophisticated and
expensive equipment, but the more limited is the flexibility of the system and the service.

INFORMATION TRANSFER FUNCTION
The following information transfer functions can be identified: service request (from

customer to control center), driver instructions (from control center to driver), and
driver progress (from driver to control center).

Service Request

In general a customer may request service either from a low-volume (e.g., home) or
high-volume (e.g., shopping center, transfer terminal) location. In both cases the
mechanism used will be the telephone system—in the low-volume case, general purpose
lines with a standard headset and in the high-volume case probably leased lines and
possibly a special input device. At the present time no digital input service request de-
vice is in use, This innovation, which would require computer control, would decrease
the number of telephone operators for large systems, but is unlikely to be widely avail-
able for several years.

For integrated systems another service request option is receiving the request from
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the driver of a conventional fixed-route bus. This is a convenience for the passenger,
who simply tells the driver the desired transfer point and ultimate destination. This
requires communication either between the conventional dispatcher and DRT operators
or between conventional transit drivers and the control center. Operationally either of
these options may prove awkward or expensive or both, but the preferred alternative is
to have direct communication between the DRT control center and the driver of any bus
on a route interfacing with DRT.

Driver Instructions

Independent of whether decision making is centralized or decentralized, information on
vehicle assignments must be transferred from the control center to each driver. Unless
the system can be decomposed into separate subsystems, each with its own many-to-one
service and with the control function at the center, radio channels are used for this in-
formation transfer. The main design choice is whether to use voice or digital informa-
tion on the radio channel. Although the great majority of existing DRT (and taxi) oper-
ators now use voice communication, digital communication will become the usual option
for large integrated systems because of the amount of information that has to be trans-
ferred. Digital communication is preferred basically because of the more efficient use
of radio channels possible over voice transmission. To illustrate this potential, the
Diamond Taxi Company of Montreal reports dispatching as many as 300 cabs per channel
with its Canadian Marconi computer-controlled radio system and only 50 to 100 cabs per
channel with voice communication. Of course, the amount of information passed per
vehicle-hour is lower in standard taxi operatmns than in DRT operations, but this im-
provement illustrates the potential.

Although the basic information to be sent from the control center to the driver in-
volves passenger addresses, on occasion specific additional information, such as best
routing to next stop, may have to be sent. All nonstandard messages such as this would
be by voice communication for the foreseeable future. The impact of digital communi-
cation then is not to eliminate dispatchers but to reduce the required number of dis-
patchers for large systems. To realize this reduction requires an automatic interface
between the digital transmitter and a computer, which as a minimum stores all ad-
dresses. The Diamond Taxi Company system mentioned above uses such an interface;
the computer is responsible for allocation and control of mobile radios and radio chan-
nels. Even though voice communication is used for all driver messages, considerable
manpower saving is reported through use of this computer-dispatch operation with dig-
ital radio control.

If addresses are encoded and transmitted digitally, some on-board decoder and dis-
play unit is required. Although relatively new in DRT operations, such mobile displays
have been in use for several years, most notably in police operations. The type of de-
vice available tends to be either a printer (hard copy g or alphanumerlc display (soft
copy). In the Rochester DRT system, digital communication is used in conjunction
with mobile printers. The system operates without a computer in the control center;

a card reader is used to transmit addresses to drivers. In this case the communica-
tions system has functioned well from the operator's and drivers' viewpoints, and some
increase in system performance is attributed to digital commumcatlons even though no
manpower savings resulted.

In the planned Santa Clara integrated DRT and fixed-route system, digital communi-
cations will be uséd in conjunction with mobile displays and an automatic interface with
a computer used for dispatching.

At the present time, the state of the art in mobile displays is evolving rapidly, and
clearly lower cost and higher performance terminals will be available within the next
few years. )
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Driver Progress

The basic information the driver sends to the control center is the status of his or her
progress. This is required if the control center is responsible for assigning future
vehicle activities, but may not be required if a less centralized driver-based decision-
making structure is used. For example, in many large taxi operations, requests for
service are advertised to all drivers, and the dispatcher need not be aware of the status
of each vehicle since there is no central decision-making role. Similarly in zonal DRT
systems, the driver may have complete responsibility for deciding on the sequence of
stops to make, and the dispatcher may just have to transmit new service requests from
that zone, i.e., no feedback from the driver may be necessary.

More generally, however, the dispatcher will need to be aware of vehicle progress
in order to make good decisions. This information is generally based on a driver's
either making a stop or completing a set of stops previously sent out. This may be
digital or voice; most existing systems use voice, but digital is becoming more at-
tractive for larger systems. The Rochester DRT system, a hybrid, has the driver
send a digital message whenever a stop has been made.

In these cases only 1 digital message is available to the driver, but equipment is
now available for several distinct driver functions. Additional digital functions that
could be used for all or that would otherwise be carried out by voice include passenger
no-show and request driver breaks.

DECISION-MAKING FUNCTION

The decision process in integrated DRT and conventional systems can be divided into
several functional categories:

1. Control of the simple DRT (no interaction with conventional transit),
2. Control of the conventional system (no interaction with DRT), and
3. Control of transfer trips (where both modes are used).

An important consideration that applies to all is that of centralized or decentralized
control, which is a characteristic rather than a function.

Control of Simple DRT

Many systems now provide simple DRT service, usually in the context of single-module
DRT systems, but there are some that are integrated with conventional transportation.
Regina and Ann Arbor are prominent examples. This paper only generally describes
the basic control issues involved and does not describe even a few existing systems.
The control issue is to pick a vehicle to which the demand for transportation can be
assigned and which provides the user with good service but does not commit so much

of the system resources as to make future service unacceptable. The basic issues for
such a control system are manual or automatic decision making, extent of future plan-
ning and commitment, and decentralization of decision making. In spite of the wide
scope of these 3 issues, they are fundamentally independent.

Manual decision making has been demonstrated in numerous DRT systems, indeed
in all except Haddonfield, which uses a computer to make all decisions during those
hours of computer operation. In such systems, the dispatcher, given the customer's
origin and destination, picks a vehicle that, on the basis of the dispatcher's previous
decisions, will not suffer an excessive detour. In a completely automatic system, of
which Haddonfield is the only example, the computer program accepts street addresses,
translates them to internal coordinates, and uses an assignment algorithm to pick the
"best' vehicle for that trip. The primary function of the people operating such a sys-
tem is to present the computer with the basic information about the request rather than
to make decisions.
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There is of course a middle ground, and that is to have a computer or other equip-
ment aid in manual dispatching either by handling the task of moving information from
one point to another (e.g., from the telephonist receiving the request to the dispatcher
making the decision) or by participating in the assignment by selecting a few likely ve-
hicles that are then chosen manually. An example of the former case is the control
room equipment soon to enter operation at Ann Arbor. It is designed to reduce the
clerical and mechanical effort of personnel and to free them for decision-making roles.
The latter case is best exemplified by the control equipment of Los Angeles Yellow Cab
in which vehicles are offered to the dispatcher who picks the best one. Finally, there
are 2 systems in which the assignment is automatic but address information is not
given directly to the computer: Zone information is added by the telephonist, and the
computer makes decisions based on these zone data. Both Diamond Cab in Montreal
and the impending Santa Clara systems use this approach.

The extent to which a decision once made commits future performance of a system
is an important aspect of DRT. For example, one can decide that the current customer
will be picked up by a given vehicle without determining when or after whom that cus-
tomer will be served. At the other extreme, decisions planning all stops in both order
and time can be made for each customer as he or she calls for service. The former
case is most frequently found in those systems that are decentralized to the extent that
the vehicle driver decides the order of stops for those customers assigned to his or her
vehicle, but this is not always true. In Ann Arbor, for example, the dispatchers typ-
ically establish a sequence for a DRT tour just before a vehicle is set to make a series
of stops, the requests for service having been made long before. The case in which
there is a strong future plan is best typified by the Haddonfield computer operation in
which the sequence of stops once decided is rarely changed except through addition of
new stops. Current analysis of Haddonfield operation indicates a need to relax this
policy somewhat but without changing it fundamentally. In general, the extent of future
planning and the firmness of that future plan can have significant repercussions on the
manner and frequency of communication between the control center and vehicle drivers.

The degree to which decisions are made centrally can vary greatly. Usually, though
by no means always, the more decentralized the decision making of a DRT system is,
the more manual decisions are made. In many DRT systems that operate on a zonal
basis, the driver in a zone is given a customer request and is left free to service it
when he or she deems best. In such a case, the control center makes only part of the
assignment decision, and the driver makes the smaller, final decision. Decentralized
decision making can also involve review of decisions already made. In Ann Arbor, the
dispatcher normally sequences DRT trips, but drivers may pick an order other than
that determined for them. Conversely, by its very nature, a highly centralized de-
cision process leads rapidly to the use of automatic equipment, for people have diffi-
culty making all (or even most) of the decisions affecting numerous customers and a
large fleet of vehicles. However, the ability of a computer to centralize information
and decision-making rules makes automation and thus centralizing the DRT control
process attractive. The best example of this is the computer at Haddonfield, which
ordinarily does not allow, and in fact discourages, autonomous decisions by drivers
and allows control center personnel to make decisions only in special cases (e.g.,
whether to wait for a customer who is late).

Control of Conventional System

Control of the conventional transit service is already well-known as the use of the word
""conventional" implies. One can, however, envisage some small changes that might
prove beneficial to integrated DRT and conventional systems and that would not change
the conventional elements so much as to make them unrecognizable. Such a change,
such as automatic means of determining the progress of a vehicle along a fixed route,
might be invisible to the user and most of the system's personnel. Another change
that might come about in integrated systems is varying the timetable of fixed-route
services on a demand-responsive basis. Neither of these suggestions is new, but they
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might find considerable application in integrated systems.

Control of Transfer Trips

Control of transfer trips in integrated systems is the most challenging aspect of in-
tegrated systems, for it is obviously the core of the integrated nature of the system
and the procedures for effecting these transfers have not been put to the test for want
of integrated systems. Perhaps the best issues to use in analyzing this function are

1. The extent of information pertinent to one subsystem known to the other sub-
system and .
2. The extent of dependence of one subsystem on another.

A relatively simple way of integrating DRT with conventional transit is to establish
a set of transfer points on the conventional routes where transfer passengers are de-
posited by DRT vehicles on the first leg of the journey and are picked up by DRT ve-
hicles for the final leg (unless the trip ends at a transfer point located at a shopping
center, for example). This can be done without knowledge of the fixed-route schedule
(and, consequentlgr, without knowledge of the time at which the second DRT leg will or
should commence). Such a procedure is that planned for transfer trips in the Santa
Clara system for those trips that cannot be served by a single DRT vehicle. In such
a case, the control center need only inform the passenger of the appropriate fixed route
to take and the place to best resume the DRT mode. Simply stated, the control pro-
cedure is to operate the conventional service and DRT service as independent systems.

It is possible, without modifying the conventional service as suggested in the dis-
cussion of non-DRT trips, to make more use of knowledge of the conventional service.
In particular it should be possible for the DRT subsystem, be it manual or computer
controlled, to know both the routes and schedule of the other subsystem. Such informa-
tion would permit the DRT subsystem to provide equally good service (meeting the same
fixed-route bus) at lower system cost (by not attempting to get the customer there as
soon as possible if this is useless). In addition, knowledge of schedules would, in
large complex systems, permit one of several fixed routes to be chosen as a function
of the schedule of each. The proposed Rochester demonstration, which will include a
fixed route connecting 2 DRT modules, plans to use such a technique, which has been
developed in connection with the existing computer algorithm evolved by M.L.T.

Knowledge about the conventional subsystem can yield an unexpected benefit in the
DRT subsystem. If as described above the DRT controller has cognizance of the fixed-
route schedule, the same DRT controller has knowledge of the desired starting time of
the second DRT leg. That is, the second DRT trip can be planned well in advance of
the arrival of the passenger at the second transfer point. In such a case, the transfer
can be made much less painful and discouraging by either having a vehicle wait for the
passenger or arrive shortly after the passenger arrives. Such a procedure obviously
presupposes that the 2 DRT modules are controlled jointly or have good means of com-
munication. The Rochester demonstration, in which the 2 DRT modules in question are
controlled by 1 computer program, expects to take advantage of such information.

In the preceding section on integration, complete autonomy of the 2 systems (but not
complete ignorance) was assumed. The operations of the 2 subsystems can be meshed
more closely. Since bringing the conventional subsystem under direct control would
deprive it of its "convention" character, this section will be restricted to adapting the
DRT subsystem to the conventional one. The best examples of such organization are
Regina and Ann Arbor. In those systems, DRT vehicles are constrained to loop through
a transfer point on the same schedule as the fixed-route buses. In other words , as long
as the DRT vehicle is present at the transfer point when the line-haul vehicles are, in-
tegration requirements have been met. At all other times, the DRT vehicle is free to
service many-to-many trips as well as to collect passengers planning to transfer at the
next junction of the 2 types of vehicles. As Karl Guenther of Ann Arbor described it,
""The schedule of the fixed-route buses is the gear which drives the other satellite (dial-
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a-ride vehicles) gears." Though this limits the freedom of action of the DRT vehicles,
it makes the transfers efficient and is well suited to a decentralized operation, which
is manually tractable.

As might be expected, the novelty of integrated DRT and conventional transit sys-
tem services is responsible for the small number of implemented or even planned con-
trol procedures. There is little doubt that, after as much experience in the field of
integrated systems has been garnered as has already been garnered in the field of
simple DRT, more control procedures will appear as different groups attempt to solve
the integration problem. Nonetheless, considerable work has been done, and some

avenues, which appear promising, give the prospect of more integrated systems for
the future.



TRANSPORTATION FOR THE ELDERLY
AND THE HANDICAPPED

D. P. Garner, Planning Division, Ontario Ministry of Transportation and Communications

By the middle of 1973 the Ontario Government was receiving an increasing number of
deputations from various handicapped groups drawing attention to the services unavail-
able to the handicapped but considered essential by the rest of the population. Con~
sistent among these requests was a desire for improved transportation. A cursory re-
view of the situation indicated that this had the potential of being a costly program. To
convert Toronto's existing subway stations to be accessible to the handicapped would
cost $23 million. We decided, therefore, that a closer look at the situation was re-
quired. During early 1974, a number of surveys in different areas of the province
were undertaken.

SURVEY OF THE PHYSICALLY HANDICAPPED

When one deals with the physically handicapped, the first thing that becomes apparent

is the uncoordinated nature of their organizations and activities. Each physically handi-
capped group, for example, cerebral palsy or multiple sclerosis, has formed its own
organization, and to find a single body able to act or speak for all handicapped groups

is difficult.

As a result of surveys undertaken in 6 Ontario cities ranging in population size from
35,000 to 2 million, an assessment of the size of the physically handicapped population
was obtained. No other community or social service agency already dealing with the
handicapped could supply these data. The physically handicapped population identified
in the survey were classified into 3 groups: those who cannot use existing public trans-
portation facilities; those who can use public transportation with difficulty; and those
who can use public transportation with no difficulty. The data from the 6 cities surveyed
were extrapolated to the rest of Ontario (Table 1). Approximately 1.3 percent of the
population in urban centers in Ontario cannot use public transportation, and a further
1.7 percent use it with difficulty. I will confine the rest of this paper to dealing with
the group of 70,000 persons who cannot use public transportation. This group is made
up of 16,000 persons who require a special vehicle, that is, with a ramp or hoist, and
54,000 persons who could be driven in an automobile.

CHARACTERISTICS OF THE HANDICAPPED

Interviews and a mail survey were used to determine some of the economic and travel
characteristics of the handicapped (Table 2). The average family income is low; be-
tween 66 and 69 percent of the respondents have a family income of less than $5,000.
Only 13 to 18 percent are employed full time, and only 5 to 7 percent felt that they
were unemployed but could work. The introduction of a cheap, convenient public trans-
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Table 1. ) Physically handicapped unablle to Cannot Use Public
use public transportation in Ontario cities. Transportation
Cities Population Number Percent

Survey Data

Sarnia 58,000 682 1.2
Thunder Bay 112,000 1,724 1.6
Windsor 257,000 2,895 1.1
Kingston 59,000 905 1.5
Timmins 35,000 315 1.1
Metro Toronto 2,085,000 28,182 1.3
Total 2,606,000 34,763 1.3

Survey Data Extrapolated to Ontario

Municipalities with
transit authorities,
including private
contracts for transit 4,551,000 60,000

Cities with population
of more than 10,000 5,398,000 70,000

Table 2. Characteristics of physically Interview Responses

handicapped.
Metro Other Mail Survey
. Toronto Cities Responses
Characteristic {percent) (percent) (percent)
Family income
No response 0 12 13
<$1,000 10 22 13
$1,001 to $3,000 37 35 45
$3,001 to $5,000 19 11 6
$5,001 to $10,000 20 10 10
>$10,000 14 11 T 13
Activity status
No response 6 8
Employed full time 18 13
Employed part time 6 4
Unemployed but could work 7 5
Retired 21 22
Student 13 17
Looking after house or family 13 10
Something else 10 21
Return trip purpose
work 24 24 23
Education 19 23 11
Shopping 20 13 20
Leisure 26 29 36
Medical i1 11 10

Table 3. Problems physically handicapped Percentage of

have in using buses and subways. Respondents
Problems Subway Bus
No response 0 0
Getting to and from subway or bus 12 11
Getting down to subway 14 —
Boarding and leaving 10 12
Getting in and out of seats 9 9
Standing on moving vehicle 14 14
Overcrowding 16 15
Transferring to and from bus 14 12
Needing accompaniment 12 10
Waiting time at bus stop - 11

Knowing which bus to take - 6
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portation system for the handicapped would, therefore, in the short run not likely have
a marked effect on the unemployment levels indicated. Twenty-four percent of the ex-
isting trips taken by the handicapped are work oriented.

We also asked the more severely handicapped what aspects of a bus or subway sys-
tem gave them the greatest difficulty or prevented them from using the service. The
results are given in Table 3. The problem of getting down to the subway platform or
boarding a bus is only rated as high as a number of other perceived problems. Re-
moving these 2 barriers would not likely ease the transportation problems of the hand-
icapped to any great extent unless something were also done about the other barriers
noted. The more severely handicapped place a heavy reliance on special vehicles,
taxis, or friends in order to get around, and the less severely handicapped make more
use of the bus and subway systems (Table 4).

The survey results led us to the following conclusions and justification for recom-
mending improved transit services for the physically handicapped.

1. Significant numbers (70,000) of the physically handicapped cannot use public
transportation.

2. Alternatives (taxis and special vehicle services) to public transportation have a
high cost to users. .

3. The handicapped have a lower than average income,

4. Taxi service is unreliable in some urban centers, especially during peak periods,
and not available to the severely handicapped.

5. The handicapped rely heavily on friends and relatives to transport them on a
permanent basis. ’

6. Mobility should be available to all groups where publicly supported transporta-
tion is available. .

7. Providing transit to the handicapped removes one of several barriers preventing
them from being integrated into society.

TRANSPORTATION IMPROVEMENT OPTIONS
Three basic transportation improvement options were then identified: improve existing

public transportation services, pay direct subsidy to handicapped individuals, and pro-
vide new special services for the handicapped.

Table 4. Transportation limitation and modes used by handicapped.

Mode Used (percentage of responses)

Automobile Automobile Special
Transportation Limitation Survey Driver Passenger Bus Subway Taxi Vehicle
Cannot use public trans- Metro
portation, must use Toronto 6 20 8 - 35 31
special vehicle Other
cities 2 29 18 na 14 37
Mail 10 25 - na 10 55
Cannot use public trans- Metro
portation, but can be Toronto 8 37 19 5 30 1
driven Other
cities 9 45 8 na 38 -
Mail 42 28 4 na 24 2
Can use public transpor- Metro
tation with difficulty Toronto 23 27 22 12 16 -
Other
cities 4 45 25 na 21 5
Mail 23 25 35 na 17 -
Can use public transpor- Metro
tation with no difficulty Toronto 26 11 41 20 2 -
Other
cities 29 20 28 na 19 4

Mail 38 18 39 na 4 1
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Improve Existing Public Transportation Services

Improvements to existing public transportation services include training programs,
minor operational changes, and major operational changes.

Training programs, both for operators and the physically handicapped, and minor
operational changes, such as additional grab bars and designated seats, would not af-
fect the more severely handicapped but would assist those that now use the public trans-
portation system. Major operational changes, such as lowering the steps on regular
buses, installing hoists or ramps, and providing for vertical access in subway stations,
only remove one barrier experienced by the handicapped as noted in Table 3. Accord-
ing to preliminary estimates by the Toronto Transit Commission, to install elevators
in the subway system would cost $23 million. In Ontario we are making a major effort
to increase transit ridership in our urban centers. A key to the success of this pro-
gram is the provision of a convenient service competitive in travel time with the auto-
mobile. Long dwell times at bus stops while handicapped persons are loaded into the
bus by hoists or ramps and then strapped down would have a negative effect on the over-
all ridership. We have, therefore, recommended against making major changes to ex-
isting transit systems, but feel that the minor changes referred to could be imple-
mented along with other improvement options.

Pay Direct Subsidies to Handicapped Individuals

One of the problems associated with existing services is the high cost to the individual.
Special commercial van services in Toronto with door-to-door service charge an av-
erage $6.50 per trip. Direct payments to handicapped individuals were, therefore, con-
sidered as one alternative. Cash payments were rejected because the money could be
used for other purposes; however, transportation tokens that could be used on taxis or
special vans was considered an alternative for the smaller Ontario centers, where the
demand did not justify setting up a special service by the municipality.

Provide New Special Services for the Handicapped

Special door-to-door services using both taxi and specially equipped vans or minibuses
could be set up for the handicapped and operated by the Municipal Transit System or by
a private operator under contract to the transit system. Although this sort of service
does not provide the integration into society that some handicapped persons desire, it
does provide the highest level of service and removes the problems given in Table 4.
This alternative has, therefore, been recommended for implementation and is now
under consideration by the government. If it is implemented as recommended, munic-
ipalities would be eligible to receive subsidies at the same rates for this service as are
now available for regular public transportation services; that is, 50 percent of oper-
ating deficit and 75 percent of capital costs.

TORONTO TRANSIT COMMISSION PILOT PROJECT

While we at the provincial level have been developing a policy for transportation of the
physically handicapped, the Toronto Transit Commission (TTC) has also been active
in this area. In April 1973 the commission was instructed to plan a pilot project for
the transportation of the physically handicapped in Toronto. A committee composed of
representatives of municipal departments that had dealings with the handicapped and 2
active handicapped individuals assisted in the design of the project.

In June 1973 TTC placed advertisements in the Toronto papers requesting residents
who were confined to wheelchairs or who because of special handicaps were unable to
use standard automobile transportation to complete a questionnaire that appeared as
part of the advertisement. In addition, a letter was sent to 59 organizations that had
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contact with the handicapped advising them of the survey and requesting their coopera-
tion. As a result of this letter some 1,500 forms were distributed directly to individuals
or organizations.

The 336 questionnaires that were returned were the subject of a report prepared by
TTC. This report revealed that 56 of the respondents were employed and a further 69
could be employed if low-cost transportation were available,

Initially the pilot project was only to provide transportation for the home-to-work
and return trips of those who were working or could work, this being a logical first
step that could be introduced fairly quickly to meet the special transportation needs of
persons who were trying hard to be self-sufficient. The service was to be portal-to-
portal and, if possible, contracted out to the private sector to take advantage of the ex-
perience in this area. Informal discussions were held with a number of private opera-
tors who already provided special transportation services to the handicapped in Toronto,
and these operators were eager to participate in the project.

In April 1974 TTC invited proposals from the private sector to operate the service
and received 3 bids. These bids were evaluated by the TTC staff, and one of the op-
erators was selected for the project, which is scheduled to run for 2 years.

The service, which started in February 1975, will provide door-to-door transporta-
tion for approximately 50 handicapped people on their work trips. The project is es-
timated to require an operating subsidy of $140,000 per year at a regular 25-cent fare.
This is more than $6 subsidy per person trip. '

OTTAWA PROGRAM

Ottawa has also moved into the field of transportation for the handicapped. Through a
federal grant program, known as the Local Initiatives Program, a concerned group of
individuals began providing door-to-door service to the handicapped. When the federal
grant expired, the group appealed to the municipality to take over the funding of the
project. The municipality agreed to do so on an interim basis and instructed the Pub-
Lic Transportation Commission to design a pilot project. Th:s has been completed and
approved by the council. The service will be contracted out to a private operator and
will provide service for work and medical trips. The daily demand is estimated at be-
tween 300 and 400 trips and the anticipated cost is expected to be $400,000 a year. The
service started in February 1975, )

SUMMARY

Both our work at the provincial level and the independent work of our 2 largest operators
have led to the same conclusions. Initially the most effective way of providing trans-
portation for the severely physically handicapped in urban centers is to provide a
specially equipped demand-responsive service. As the demand for this type of ser-
vice grows, partial integration of services may be required, but this remains to be

seen and will be the subject of some future work.
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J. Leonard Lovdahl, Handicabs of Milwaukee, Inc.

Amid the swirl of controversy and the divergence of opinion on how to meet the trans-
portation needs of the elderly and the handicapped, I am proud to report that in Mil-
waukee something positive is being done. Handicabs is operating 30 demand-responsive
units. We have maintained good cooperative relations with public bus transit, cab com-
panies, and ambulance agencies.

HISTORY

Like many innovations, Handicabs was created out of personal need. In 1958, my par-
ticular problem was finding adequate transportation to medical and work facilities.
Three factors created the climate for the formation of our specialized cab service:

1. The advent of the van (the first van type of vehicle, the Volkswagen Microbus,
came on the U.S. market in 1957);
2. The development in Milwaukee of a comprehensive freeway system in 1958;

3. The spectacular rise in emphasis on medical services, the proliferation of the
nursing home and rehabilitation center, and the expansion of hospital outpatient facilities;
4, Federal, state, county, and city funding through Wisconsin agencies to purchase

transportation; and
5. The maturing of public and professional attitudes to embrace the adage, A facility
is only as good as the ability of people to get to it.

PRESENT OPERATIONS

The city of Milwaukee (in keeping with the general progressive posture of the state of
Wisconsin in services to the disabled) established franchise licenses—not unlike fran-
chises covering regular cabs—to regulate the number of handicap liveries and to control
fees charged. Regulations in the revised Milwaukee Code of Ordinances define handicap
livery "as a vehicle for hire which shall be driven by the owner or his employee and
which is especially suited for the transportation of handicapped persons who by reason
of physical or mental infirmity cannot be transported in public mass transportation ve-
hicles or in taxicabs, or who cannot drive their own automobile. This definition shall
not be construed to include taxicabs or other public mass transportation vehicles."

The development of the regulation was supported by the cab companies of the area.
One cab driver testified, "From my experience of arriving at a home to find a pros-
pective 200-1b passenger living on the second floor of a walk-up flat, I am led to con-
clude that there is a distinct need for a specialized system to take care of this type of
person." Thus, the philosophical approach to our service was from the beginning:

1. Handicabs would seek to provide wheels combined with employees trained in the
"art" of handling wheelchair and disabled patients;

2. Handicabs would seek to provide door-through-door service as opposed to normal
door-to-door service offered by regular cabs; and

3. Handicabs would seek to provide inconspicuous, low-cost, safe movement of
passengers with dignity and ease.

OPERATING RULES
The following rules are applied to the Handicabs operations. .

1. An understandable success formula is believed to be as follows:
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Number of units in a given area under 1 dispatch system = price charged
+ on-time and lateness factor

Undervehicled or fragmented market (more than 1 company operating) =
greater deadhead factor = higher per person cost

Fewer passengers = greater waiting time = lower driver compensation
(by commission) = greater turnover = inferior service = few vehicles
in given area = substantial operational losses = cessation of existing
service .

2. Users must become aware of the type of service offered, what it can do and what
it cannot do. The tendency is for agencies and health facilities to expect on-demand
service at demand-responsive rates. Users must understand that livery service,
offered to a relatively limited market, is dependent on the share-the-ride concept.

3. The commission arrangement with the driver is absolutely necessary to the ef-
ficiency and economics of a demand-responsive service. The commission arrangement,
serving as driver incentive, affects the rate charged.

4. The operator must keep the turnover rate as low as possible. The success in
safety, efficiency, and passenger satisfaction is directly linked to driver retention. It
takes 6 months to 1 year for a livery driver to become fully effective. Retention at
Handicabs has been gained not by high guaranteed wages but by adequate commissions
in a good market plus an excellent fringe benefit program; much of it provided for the
employee at no cost. .

5. Detailed, accurate dispatch information is critically important. Is the passenger
in a wheelchair? Does he or she have a wheelchair or must we provide one? (Each of
our units is equipped with a wheelchair with leg extensions.) Is the passenger on the
first or second floor? Are there peculiarities to the stairway? Can the passenger ride
alone? What is the name of the doctor to whom the passenger is going? What hospital
department? What nursing home wing? :

6. Correct billing information, including the Medicaid number, the in-force date,
and the correct spelling must be obtained on the initial order.

7. Good dispatching is equal with good information gathering.

8. Adequate 2-way radio control is needed. Crowded radio channels make the
achievement of the goal difficult. Sharp reporting from the driver gives the dispatcher
needed information as to where the units are at any given time. Since much of a livery
driver's time is consumed in passenger handling or waiting for passengers, 2-way
radio is the dispatcher's only means of knowing what progress the units are making.

9. Drivers must know how to handle a wheelchair and how to assist the ambulatory
disabled. Not everyone can do livery work. A driver that stays on usually has amazing
patience as well as empathy for the people transported. Expert vehicle handling—easy
stops and turns—is also absolutely essential.

USERS' INPUT

As our business has developed, we have come to realize that not only are we serving
the health community, but we are indeed part of the health community. To keep nec-
essary contact, Handicabs has developed

1. A nonpaid advisory group of representatives of the health care community,
2. A consultant group from the private agency field to advise on agency matters, and
3. User input aids such as addressed evaluation forms.
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RATES

The following rates apply-to the work we do in Milwaukee and surrounding areas:

Item Rate
Minimum for first 30 blocks $4.00
Extra for each additional 10 blocks

and also to or from second floor 0.55

Minimum for nursing home entries

and discharges (exclusive of out-

patient work, which has a $4.00

minimum) ‘ 8.00
Minimum for hospital entries and

discharges (exclusive of outpatient

work) 8.00
Minimum to and from airport and
depot 8.00

Hourly waiting time (actual oper-
ational cost, prorated 15 cents
a minute) ‘ 9.00

CONCLUSION

. The need for our type of livery service has been proved, and its Operatlonal success is
demonstrated. In time, I believe every major metropolitan area will have a specialized
transit system for the d1sab1ed

My concern as president of Handicabs is that government, in its legislation and fund-
ing, will not preclude the private enterprise operator. The profit-making company has
much to offer in the area of solving the mobility problems of the elderly and handicapped
at low cost.



EQUIPMENT AND MAINTENANCE OF
DEMAND-RESPONSIVE TRANSPORTATION SYSTEMS

Hector Chaput, Ottawa-Carleton Regional Transit Commission, Canada

In 1958, when the Ottawa Transportation Commission converted from streetcars, trolley
coaches, and buses to an all-bus operation, tenders were requested for 107 buses. At
the same time, our system was completely reorganized. One thing we agreed on was
that our procedures should provide for the purchase of the best bus available based on
initial cost, availability (downtime), reliability (road calls), and operating and mainte-
nance cost—a.ll of which could be expressed in dollars. Bus appearance, comfort,
driver and passenger appeal, service, and delivery were considered as important in-
tangibles, but we did not attempt to express these in dollars. Specifications were pre-
pared, and tenders were invited; two were received. After an evaluation based on the
above factors, the tender of the supplier whose initial cost was more than $1,000 higher
than the other was accepted.

- In 1961 the commission adopted a bus- replacement policy to maintain the average
age of the fleet at 7.5 years. This resulted in the purchase of about 20 buses per year
until 1972, when the system became regional and larger purchases were made. Again
in 1961, the lowest tender (initial cost) was not accepted and in fact this has continued
to be the case many times. .

DATA, CONDITIONS, AND CIRCUMSTANCES REQUIRED

To make such an evaluation of tenders acceptable to all concerned requires that certain
factors be satisfied.

1. The evaluation must be completely objective and unbiased and cannot include
data that are not factual or substantiated.

2. The data should be based on operations and experience on one's own property so
that there can be no argument with regard to weather conditions, terrain, duty, mainte-
nance, or servicing.

3. Maintenance records must be carefully kept, for such an evaluation generally
involves comparing other products to equipment owned. The more complete the records
are, the better and more valid the evaluation can be.

4. Suppliers bidding should be aware that contracts are awarded based on such an
evaluation. We have been using this procedure for years, and our suppliers know that
it is standard practice. Even so we remind them of it in our tender forms or in a
covering letter that goes out with the forms.

5. The number of buses used in such an evaluation must be sufficient to represent

a "'typical sample." One or 2 buses are inadequate. We have used as few as 3 to 5, but
have been able to show that the performance of such a sample was consistent with the
performance of the rest of our fleet.

6. The test or evaluation should be based on operations in which the buses work on
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the same route during the same hours with the same group of drivers from the same
garage and the same group of mechanics and servicemen. Duration of the test should
be at least 1 year to ensure that all circumstances and variations of weather and ex-
posure have been experienced.

7. I the evaluation is based on a test group of buses, suppliers are invited to par-
ticipate to ensure that their buses are properly inspected and repaired. Then service
representatives can call as often as they choose. We have even kept a log book in
which all incidents of significance are recorded, not only matters pertaining to mainte-
nance or equipment performance but also drivers' comments. This log is reviewed by
service representatives.

8. If the evaluation indicates a significant difference in maintenance cost, road
calls, or downtime, the maintenance chief should be able to account for the difference
and indicate how, where, and why it happened.

9. The maintenance chief must make certain the foreman and the mechanics are
not biased unfavorably against a new or different product.

10. The evaluation has to allow for product improvement. This can be done by al-
lowances or variations in values arrived at from test programs, identification of areas
of fault and cost, and agreement with the supplier on an adjustment in that element of
cost. . :

TYPICAL EXAMPLE

Initial Cost Adjustments

The first step in the evaluation is based on the premise that tenders for the supply of
buses to a specification rarely if ever meet the specifications in every respect. This
in itself is probably justification for an evaluation. All the tenders must be analyzed
to consider what has been included or excluded in the buses offered, and the initial cost
adjusted accordingly. An exercise of this nature is generally standard procedure under
any circumstances to establish to what extent the specifications have been satisfied.
Also some suppliers quote a base price for a standard base bus to which the various
options may be added; others quote a price that includes everything requested in the
specifications. i

Sometimes prices have to be adjusted; something is requested (e.g., standee windows)
that cannot be supplied because of the basic construction or design of the bus. Then,
too, items may be standard for the buyer but not for the bus suppliers (special instru-
ments or sensing devices). Consider 3 fictitious tenders from companies A, B, and C
whose quotes are given in Table 1. An adjusted equivalent price must be established
for the bus of each supplier. '

Table 1. Quoted and adjusted prices of 3 suppliers.

Item Company A Company B Company C

Quoted price 45,000 47,000 48,000

Options requested
Silicone hose +200 Included Included
Teflon oil lines +200 Included Included
Windshield washer 5-gal tank +80 +15 Included
Windshield washer outside filler +50 +40 Included
Air cleaner +250 Included Included
Bolted brake spider +60 Included Included
Low water indicator +75 Included Included
Standee windows +1,000 +1,000 Included
Miscellaneous +600 +300 +200

Adjusted equivalent price 41,515 48,415 48,200
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Availability

From maintenance records based on 1 year of operation under conditions mentioned
above (i.e., same duty, drivers, maintenance), suppose we find that the average miles
per bus per year was 45,000 for bus A, 50,000 for bus B, and 55,000 for bus C. The
only reason for the difference is that bus A was in the garage more often than bus B,
which was in more often than bus C, because it needed more repairs and had more road
calls. If the availability of bus C is 95 percent (established in years previous), then the
availability of buses B and A may be calculated as 86.4 and 77.6 percent respectively.

If this tender were called to provide, say, 20 buses for service, then we would have
to buy

20/0.95 = 21 of bus C

20/0.864 = 23 of bus B

20/0.776 = 26 of bus A
Or conversely, the adjusted equivalent cost per bus, taking into account service on the
street (availability), may be adjusted further to become

$47,515/0.776 = $61,250 for A

$48,415/0.864 = $56,000 for B

$48,200/0.95 = $50,800 for C

These figures better represent the cost of the test buses in terms of their being able

to provide service in transit operations where the test is conducted.
Road Calls
On our property, buses in service that develop some defect that may affect safety or
operation are generally changed on the road, i.e., switched at some convenient point
with a bus dispatched from the garage. The estimated cost to do this is $20 per bus

change. This includes cost of direct labor only; no allowance is made for service ad-
justments if required. Suppose the maintenance record shows the following:

Miles /Road Road Call Cost/

Bus Call/Bus 50,000 Miles of Operation
A 3,000 333

B 6,000 167

C

9,000 111

For about every 20 bus changes,' we sustain a tow-in, which costs a bit more than a
‘bus change. This merely involves a little arithmetic for evaluation.



72

Operating and Maintenance Costs

In general, motor oil costs do not vary much and are not considered unless the com-
parative costs in other areas of the evaluation are close. Fuel consumption must be
checked closely every month, for a serious discrepancy with one bus or a poor engine
tune-up or malfunction could create a serious distortion in fuel costs, particularly
with a small sample of 3 to 5 buses.

Suppose maintenance records show average fuel consumption as follows, where the
costs are based on 35 cents/gal for 50,000 miles (80 000 km) of operation:

Miles/
Bus Gal Costs
A 4.8 3,650
B 5.1 3,430
C 5.0 3,500

First the maintenance costs, in cents per mile, are plotted for each month (Fig. 1).
For a relatively new product, the points are generally more scattered as for company
A buses. Also, for a product that is not so well designed and manufactured, the curve
will generally have a steeper slope because more maintenance is required more often.
When 2 products have the same slope but one is higher than the other, they generally
have the same maintenance intervals but one requires more dollars in material or labor
or both than the other.

Our standard procedure for many years was to plot maintenance cost of buses in
cents per mile against number of years in operation (Fig. 2). When plotted these costs
fall on a straight line, which increases at the rate of 1.2 cents/mile/;rear. This curve
represents the maintenance cost standard for our property and the bus we have stan-
dardized on.

In Figure 1, the line representing the test group (company A) falls right on top of
our standard maintenance cost curve in Figure 2, which indicates that the number of
buses used and other conditions experienced during the test were typical and therefore
completely valid.

The next step is to consider the upgrading that these buses may enjoy in the next
year, apply this to the data on hand, and then plot maintenance costs typical of the next
5 years (Fig. 3). This can be done with reasonable validity if data shown in Figure 2
are available. ‘

The company A product, which represents relatively new equipment, is allowed 0.3
cents/mile for product improvement because this product is new and has more room
to move. We consider the supplier's remarks relative to product improvement when
this is done. The company B product is allowed only 0.1 cent/mile for improvement.
This is typical for a product that is reasonably well established and has little room for
improvement. The company C product is given no allowance, for it is a well-established
product and improvements would not affect cost very much. However, this does not
necessarily mean that company C is making no improvement.

The projected cost curves shown in Figure 3 are based on test data shown in Figure
1 and our background data shown in Figure 2. From these curves maintenance costs
in cents per mile for the first 5 years are as follows:

Years .
in Service Company A Company B . Company C
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Figure 1. Maintenance costs for 3 types of buses
_under identical operating conditions.
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Based on a demand mileage of 50,000 miles/year (80 000 km), which is normal on
our property for buses in the first 5 years of service, the maintenance costs can be
calculated from the data established above.

Maintenance
Company Cost

A 13,050
B 10,250
C 9,000

The projected costs developed at this point are generally sufficient to indicate with
reasonable accuracy which product costs less to operate and by how much. Adjusted
equivalent cost is a measure of initial cost and availability, but fuel, road calls, and
maintenance costs are a function of proposed miles operated per year.

" If, because of some peculiarity, the evaluation does not indicate clearly which bus
costs less to buy and operate, the study can be extended over the life of the bus. This
is done by extending the maintenance cost curves in a straight line. Figure 2 shows
that this line does not flatten out because it represents unit cost and in later life the
bus runs fewer miles per year. This drives up maintenance cost per mile inversely
to miles operated (i.e., fewer miles increase cost per mile).

The maintenance costs per mile thus obtained and the fuel and road-call costs are
applied to the miles operated through the life of the bus. On our property the miles
operated would be as follows:

5-Year Period Miles/Year

1 50,000
2 36,000
3 14,000

If the evaluation is carried this far, a small element of compounding should probably
be applied to fuel costs and road calls (say, 0.5 and 1.0 percent respectively), for they
no doubt deteriorate with age and usage. We have found that such an approach indicates
quite positively which is the best product in terms of initial cost and variable cost. If
this were not enough, there is no reason why resale value should not also be considered.

The above calculations are to establish relative costs. If actual costs are desired,
interest and inflation percentages must be applied to the yearly costs to express them
all in dollars for a given year (say, the year of purcha.seg,.

An examination of the facts and figures above establishes quite clearly which product
represents the best investment in terms of initial cost (adjusted) and operating and
maintenance costs. Generally, the product that has the lowest adjusted cost by virtue
of more reliability and availability also has the lowest maintenance cost because com-
ponents, design, and manufacture are a little better—but this is not necessarily so. We
have found exceptions.

APPLICATION TO OTHER PROPERTIES

In recent years, quite a few new products have come on the market. This approach can
be used for these products.

For example, suppose you have used a standard product for years. Assemble the
data as suggested earlier and then "buy" in the same year a sample quantity of the
types of equipment you are considering (say, 5 of each). Now you have set the stage
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for the test and evaluation. How good and how valid it is depends on how objective and
realistic you are.

OTHER FACTORS

An evaluation of this nature is not designed to blackball any product or company. Con-
versely, it gives new suppliers an objective and fair appraisal of how their products
compare with others. It indicates in some detail where products may be weak or su-
perior. It permits suppliers to upgrade faster and more positively.

Under such circumstances we take the attitude that competition makes for better
products as well as better prices and services. If a new product appears on the market,
we say to our staff, ""Let's see what we can do to make this product work and make it
better." It is more than a matter of giving a new product a fair break; it is a matter of
improving and helping it to develop. If it makes the grade, it will inevitably contribute
in some way to improving the products we are using today.

Standardization is fine, but having only 1 or 2 products to choose from is not good.
1t stifles development and sometimes leaves the purchaser at a disadvantage.

George W. Heinle, Southern California Rapid Transit District, Los Angeles

The Southern California Rapid Transit District was one of the first to get involved with
the small transit vehicle. When we first embarked on our small vehicle venture more
than 3 years ago, few vehicles and alternatives were available on the market. The
project was not strictly a DRT operation, but the vehicles used to provide the downtown
circulation system in Los Angeles are in our opinion most adaptable to a variety of
similar services, including DRT operations.

The project was novel in a number of respects. It marked the first time that 4 Los
Angeles public agencies came together and agreed to share the cost of providing this
type of service. The city of Los Angeles, the county of Los Angeles, the Community
Redevelopment Agency, and the Southern California Rapid Transit District all agree to
bear a part of the cost. The 3 other agencies shared the operational costs, and SCRTD
purchased the vehicles. We had to develop specifications and get vehicles operating
quickly because, once the public financed and supported this program, it wanted to see
some action.

Therefore, we bought minibuses because we had to consider an "on-the-shelf" bus
that would provide thekind of service and give the type of aesthetic appeal that we wanted.
Some of the criteria that we developed included low steps for easy access by the aged
and infirm, seats arranged for ready access, and natural circulation toward a rear
exit door. We also wanted a sturdy, rugged small bus that had an ecologically accept-
able power plant.

At the same time, we could not design a completely new vehicle and expect the op-

eration to commence within a short period of time. So that emissions would be min-
imized, we decided to use natural gas as the regular fuel and gasoline as a backup fuel.
The dual fuel system provides for using either gasoline or compressed natural gas.
We would have used liquified natural gas, but it was not available in Los Angeles. Our
estimates indicated that the compressed natural gas would be just barely sufficient with
five 375-1t(10.6-m®) tanks to obtain a range necessary for our regular route operation
from 9:00 a.m. to 4:00 p.m. Therefore, the gasoline backup was necessary.

We also tried to incorporate in the specifications features that would make the ve-
hicle more durable and minimize maintenance needs. In this respect, we were only
partially successful. We were able to develop, along with the Herz Erhardt Company,
disk brakes that were applicable to the Dodge chassis and were a substantial improve-
ment over the standard drum brakes.
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Innovative design features in the buses were an exit door at the extreme rear of the
right cantilever, perimeter fiber glass seats in vibrant colors, and no seat legs in the
aisle area, removing tripping hazards and providing space for storage of packages
under the seat. The arrangements contributed materially to the smooth operation of
the service and the exceptional passenger acceptance.

Some of the mechanical problems that we have experienced with these vehicles are
the result of heavy passenger loads that the service has attracted. Often during the
noon hour as many as 50 people crowd on these 21-seat buses at one time. The air
over hydraulic disk brakes have excellent stopability, but the passenger loads and the
frequent stops necessitated by the downtown traffic have shortened the life of the brake
linings. The average lining life is about 7,500 miles (12 000 km). As a result of this
experience, we have developed a larger, more durable disk brake, which will be in-
corporated into buses that we currently have on order.

The dual fuel engine also proved to be a problem. The changeover from one type of
fuel to another while in service frequently stalls the vehicles. This contributed to a
problem with the starters, which apparently were already borderline as to their ca-
pacity. The dual fuel arrangement also necessitated a compromise in the engine tim-
ing, and thus fuel mileage is not what it should be since it is not possible to set the
timing at the most desirable point for either fuel.

Furthermore, the compromise causes the engine to run hotter than it would under
optimum adjustment, and overheating has been extensive. This problem has been par-
tially resolved by replacing the original radiators with ones of a larger capacity.

Radiator troubles also abounded because of the heat problem; gaskets deteriorated,
floats became distorted, and engines were hard to start. The excessive engine heat
also has had an adverse effect on transmission seals, and transmission life has not
been what we expected.

We have developed through our experience a preventive maintenance program. A
lubricating, oil change, and normal fluid collection and engine check are done every
3,000 miles (4800 km), and a major inspection is performed every 6,000 miles (9600 km).
Brakes are visually checked for lining thickness once weekly. Our maintenance costs
for these vehicles are now averaging 13.68 cents/mile. This compares to a fleet av-
erage for the 45- to 50-passenger buses of 11.53 cents/mile.

On the other hand, the average overall speed on this heavily congested downtown
route is only 7.5 mph (12 km/h). The average standard bus speed throughout the
southern California area is 13.2 mph (21 km/h). Obviously the slow operating speed
affects costs. If the vehicles were used in a less congested area and had lighter pas-
senger loads, I am certain that the maintenance costs per mile could be reduced from
20 to 30 percent.

SCRTD now operates the buses a greater number of hours daily than originally in-
tended; some of the buses provide shuttle service during the peak hours from the pe-
rimeter downtown parking lots. The gasoline backup system has had to be regularly
used. Natural gas consumption has averaged more than 4 miles/100 ft° (6 km/2.8 m?)
of compressed natural gas, and gasoline consumption is 2.6 miles/gal (4 km/3.8 liter).
If used for DRT, the vehicles would show a substantial improvement in fuel consumption.

After 3 years of experience with these vehicles, we have developed new specifications
that provide for substantially larger, heavy-duty brake systems and fuel systems for
propane gas or other nonfossil fuels.

When we purchased 40 buses in 1974, the successful bidder proposed the use of
propane engines. The buses also have a heavier duty radiator with that internal com-
bustion engine, more cooling capacity, heavier duty starters, heavier duty shock ab-
sorbers, and changes in the suspension to get a smoother ride.

The 19 buses that have been in service for more than 3 years will have to be com-
pletely rebuilt. After that we will use them for an expanded DRT service in some of
the more remote communities in the Los Angeles basin.





















































































































































































































































































































