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PREFACE

This report describes the conduct of and the impacts
resulting from the implementation of a family of demand-re-
sponsive transit services and several related innovations in
Greece and Irondequoit, Hew York, two suburbs of Rochester.
The report covers the time period beginning with the imple-
mentation of PERT (for Personal Transit) services in August
1973 through July 1977. The initial Greece project did not
become a federally-funded demonstration until after many of
the innovations had begun. Nevertheless, this pre-demon-
stration period has been evaluated to the extent that data
were avai labl e

.

The demonstration ended in October 1977; however, the
Rochester-Genesee Regional Transportation Authority prepared
a request for additional demonstration funding so that addi-
tional innovations could be demonstrated in its quest to
increase the coverage of transit service at a cost that
could be borne in the long run. Specifically, the provision
of service through contract with the private sector and
modifications of union work rules and job categories were
proposed for the extended demonstration. This application
was approved by UMT A in December 1977 , and PERT services
continued to operate under a new demonstration grant. Addi-
tional PERT services also began in July 1978.

The demonstration services were operated by the
Regional Transit Service, Inc. (RTS), an operating subsidi-
ary of the Rochester-Genesee Regional Transportation Author-
ity (RGRTA). Management assistance to RTS and RGRTA was
provided by the Department of Civil Engineering of the
Massachusetts Institute of Technology (MIT). Demonstration
funding was provided by the Urban Mass Transportation Admin-
istration (UMTA) under its Service and Methods Demonstration
(SMD) Program (Grant No. NY-06-0048). The SMD Program eval-
uations are conducted for UMTA by the Transportation Systems
Center (TSC) of the U.S. Department of Transportation. The
Rochester evaluation was conducted by SYSTAN, Inc. for TSC
under Contract No. DOT-TSC-1 084

.

Mark Abkowitz and Joseph Sturm of the TSC staff, as
well as Jim Bautz and Paul Fish of UMTA, were responsible
for the evaluation and review of SYSTAN’s work. The evalua-
tion was also aided by numerous members of the staffs of the
RGRTA, RTS, and MIT, who collected and provided data to
SYSTAN for analysis. The report authors were assisted by
Debra Newman, Jan Glick, Robert Berry, Andrew Canfield,
Robert Bullemer, Carolyn Crow and Richard Morris of the
SYSTAN staff. Carole Parker was responsible for production
of the report.
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GUIDE FOR THE READER

This report consists of an Executive Summary, ten chap-
ters, and twenty appendices; it has been organized into
three volumes

.

The first volume contains an Executive Summary of the
most significant demonstration findings. It should be read
with Section 1.5, which summarizes the implications of the
Rochester experience for other transit organizations. The
first volume also contains Chapter 1, a summary of the
entire report. This chapter outlines the major demonstra-
tion objectives, services and results, directing the reader
to the appropriate sections within the text for more
detailed analysis.

Volume Two consists of nine chapters. Chapter 2 intro-
duces the demonstration project. Chapter 3 describes the
project site and major exogenous events that affected the
outcome of the demonstration, and Chapter 4 describes PERT'S
innovations, activities, and implementation processes. Each
of these chapters covers both Greece and Irondequoit serv-
ices.

Because of the different transit services offered at
various times within Greece and Irondequoit, the evaluation
report format diverges to discuss and analyze these results
with each service separately; Chapters 5 through 7 focus on
Greece services, and Chapters 8 through 10 similarly evalu-
ate PERT operations in Irondequoit. Chapter 5 deals with
the changes in the level of service provided to users as a

function of the supply and demand levels that resulted from
the Greece innovations. The impacts of the Greece demon-
stration on demand levels are described in Chapter 6, and
Chapter 7 describes impacts on system productivity and
system economics in Greece. Chapter 8 (Level of Service), 9

(Demand), and 10 (Productivities and Economics) similarly
concentrate on PERT activities in Irondequoit. Chapter 5, 6

and 7 generally contain more background material which has
been omitted from the Irondequoit analysis. These more
detailed sections are therefore referenced throughout the
final three chapters.

Volume Three contains the appendices, including a glos-
sary, copies of measurement instruments, and tabulations of
survey resul ts

.
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SUMMARY

The Rochester Integrated Transit program involved a

six-year search for a cost-effective combination of para-
transit and conventional transit services to extend transit
coverage in suburban areas. New services offered during the
course of the program with small buses included door-to-door
dial-a-ride, route deviation, point deviation, shuttle,
subscription loop routes, and group trips and other special
services for the elderly and handicapped. The many services
and service changes tested provide a wealth of information
for other cities considering the use of paratransit services
to complement their fixed-route services.

The extended coverage generated demand levels compara-
ble to those experienced by other demand-responsive systems.
Although many of the riders were transit-dependent, a vari-
ety of users had acces to an automobile or other form of
transportation. Many of the transit-dependent riders took
advantage of the services to make trips they otherwise would
not have made. As vehicle reliability problems caused serv-
ice quality to decline, these transit-dependent riders
continued to use the service; those who used the services by
choice did not, resulting in a higher proportion of transit-
dependent users. The total of new trips generally balanced
the diversion from automobile use, resulting in a small
change in vehicle-miles traveled within the service areas.

The services provided in the suburb of Greece, where
little fixed-route service was available, evolved from
many-t o-many , door-to-door service to combinations of fixed-
and flexible-route services. The new services were better
tailored to meet demand, and had the potential for higher
productivities. The demand patterns revealed by the
many-to-many trips provided the information used in rede-
signing the services, a use that may be made of door-to-door
services in other areas.

In the Irondequoit service area, hybrid fixed and flex-
ible routes were initially implemented to replace fixed
routes during the off-peak period. The fixed-route services
were eventually restored, and DAB service was also retained
to complement them. In general, the use of demand-respon-
sive services as a cost-effective substitute for fixed
routes was not well received by residents of either service
area, and seems to have resulted in reduced transit use.

Several special services for the elderly and handicap-
ped were very successful. Weekly group trip services were
provided between elderly housing areas and such activity

xiii



centers as shopping centers and daycare facilities. In some
cases, merchants helped to offset the cost of these services
and no fares were charged. These services generally had
high load factors, and consequently cost relatively less per
passenger

.

In addition, a 24-hour advance reservation door-to-door
service for the handicapped carried persons to major activ-
ity centers throughout the metropolitan area. Although the
area served was large, per-passenger costs were relatively
low because trips were aggregated to conform to a preestabl-
ished bus tour pattern.

Service levels (as measured by such factors as wait
time, ride time, and reliability) were comparable to those
of other cities offering demand-responsive services. They
were not high enough, however, to attract the number of
riders anticipated during PERT planning. Therefore, the
costs pfer ride and the required subsidies caused Transit
Authority decisionmakers to consider termination of the new
services in order to cope with the financial austerity
facing both the Transit Authority and the State of New York
itself

.

Offering new paratransit services through a traditional
transit organization strained the operating organization, as
the priorities of the Transit Authority and the operating
subsidiary differed. This problem may have constrained the
effectiveness of the new services. For example, winter-rel-
ated reliability problems with some of the small buses were
an endemic problem that could have been solved if priorities
were different.

A computerized dispatching procedure was employed to
perform passenger assignment and vehicle dispatching of the
dial-a-ride service. This worked well after a period of

adjustment and software modifications. Demand levels were
not sufficiently high, however, and the number of vehicles
involved discouraged testing of the computerized methodology
in the large system environment where it is theoretically
superior to manual dispatching.

The implications of these findings for other cities
considering paratransit are summarized in Section 1.5 of the
following chapter. This section may be read to complete the
Executive Summary.



1. SUMMARY

1 . 1 THE PURPOSE OF THE DEMONSTRATION

The Rochester Integrated Transit Demonstration CRITD)
was designed to assess the roles of demand-responsive
transit services in a regionuide transit system that
includes an extensive fixed-route bus network. The demon-
stration sought affordable means of extending transit cover-
age into suburban areas by using integrated mixes of fixed-
route and paratransit services. Since the issue of
extending transit within tight budget constraints is of
widespread concern, the Rochester experience is a lesson for
many U.S. cities.

The demonstration tests the hypothesis that, in low
demand density situations such as those existing in suburban
areas and in central cities at night and on weekends,
d emand - r es p ons i ve transit services can offer more efficient,
higher-quality service than conventional fixed-route serv-
ices. It was further hypothesized that users who are trans-
it-dependent can be better served ..ty demand-responsive serv-
ices than by conventional services. The demonstration also
tested the use of a fully-computerized system for dispatch-
ing demand-responsive vehicles.

Partial funding for the demonstration was provided
under the Urban Mass Transportation Administration's Service
and Methods Demonstration CSMD) Program (Grant Ho.
NY-06-0048). The SMD Program provided about 71% of the
$3,646,600 planning and operating costs (Grant No.
NY-06-0048); the Rochester-Genesee Regional Transit Author-
ity (RGRTA) funded the remainder. Another UMTA grant (Grant
No. NY-03-0075) paid 80% of the capital costs of $858,000;
RGRTA provided 16% and the State of New York contributed 4%.

1 . 2 THE NATURE OF THE DEMONSTRATION

Four types of innovations were demonstrated: service;
system integration; equipment; and fares, marketing and

p romot i on

.
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1 . 2.1 Services

Service innovations included augmenting conventional
fixed-route service with many-to-many dial-a-bus (DAB) serv-
ices, route and point deviation services, doorstop and
checkpoint subscription services, and special services for
the transit-dependent. Each service was designed to support
a market that uas not well served by the existing fixed-
route system.

1.2.2 System Integration

The demonstration included means of coordinating the
demonstration services uith each other and with the existing
fixed-route network. At the operational level, this
included coordinating transfers, establishing joint fares,
and replacing selected fixed-route services uith demand-re-
sponsive services. Fixed-route replacement by DAB service,
known as "route rationalization," uas used to save bus
hours, lower costs or provide a higher-quality service.

System integration also included the institutional
coordination required to manage the multi-modal transit
system. The existing fixed-route transit operating agency
uas responsible for operating the vehicles used in the new
demand-responsive services, but did not wish to assume total
management responsibility for the services. As a result,
close coordination uas needed between the management of the
new d emand - r es p ons i v e services and the existing transit
operating organization.

1.2.3 Equipment

Several types of small buses were used for PERT service
in order to evaluate which were more suitable for subsequent
expansion. Video communications equipment uas installed for
communication between the control center and the drivers.
In addition, computerized dispatching and schedul ing were
implemented to improve the level '

of service provided to users. Determining the costs of

computerization uas not an objective of the demonstration;
the computer arrangement uas designed for ease of experimen-
tation rather than cost-efficiency.
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1.2.4 Fares, Marketing and Promotion

Several marketing and promotional techniques were
implemented to increase ridership on the new services.
These included temporary fare reductions to encourage
initial use and long-term fare changes to increase overall
revenue recovery and to encourage or discourage certain
types of trips.

1 . 3 THE DEMONSTRATION SETTING AND HISTORY

Demonstration services were implemented in two suburban
areas of Rochester, New York. With about 300,000 residents,
Rochester is the center of the nation's fortieth largest
urbanized area, with a population of 700,000 persons. The
demonstration services were implemented in the suburban
areas of Greece and Irondequoit, as illustrated in Exhibit
1 . 1 .

The history of demand-responsive services in Rochester
began in 1970, when several Rochester transportation offi-
cials became interested in implementing DAB and other
d emand - r es p ons i v e transit services in the Rochester area.
After successfully implementing a small DAB system in the
town of Batavia, 35 miles from Rochester, the Rochester-Gen-
esee Regional Transportation Authority CRGRTA) decided to
test the concept in a Rochester suburb. At that time, DAB
was perceived as a cost-effective means of reversing the
steady decline in transit ridership by serving the growing
suburban population that was unserved by conventional
fixed-route systems.

In August 1973, the Regional Transit Service (RTS, an
operating subsidiary of RGRTA) implemented DAB and subscrip-
tion services in a 9.6 square mile area of Northwest Roches-
ter and Greece; this area had a population of about 52,000
persons. Contractual assistance was provided throughout the
demonstration by the Massachusetts Institute of Technology
(MIT) Department of Civil Engineering. The new services
were called PERT, for PER s ona 1 Transit. RGRTA plans called
for the gradual expansion of Greece services and the imple-
mentation of PERT services in seven additional suburban
areas. To help implement these plans, RGRTA sought and
received an UMTA Service and Methods Demonstration (SMD)
grant. A two and one-quarter year demonstration program
began on April 1, 1975, which included the initiation of

PERT services in the neighboring suburb of Irondequoit in

April 1976.

During the period between August 1973 and October 1977,
PERT services were launched, modified, and deleted (as
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EXHIBIT 1.1

PERT SERVICE AREAS

(April 1976)

DIAL-A-BUS

FIXED-ROUTE
CORRIDORS

l 0

SCALE L.. 1 —

L

4^ MILES

NORTH
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summarized in Exhibit 1.2) as the RGRTA moved toward more
productive demand-responsive services based on the travel
patterns and costs observed in Greece. As this report is
being prepared, the search is continuing under an extension
of the demonstration agreement with UMTA. Under the new
demonstration, DAR service has been expanded to two addi-
tional suburbs where it is provided by a private operator.

1.3.1 PERT Services in Greece

In Greece, there were four RTS fixed-route bus services
before PERT services were introduced in 1973. Three of
these fixed-route services were operated all day and one was
operated only during peak commuter hours. Between 1973 and
1976, four PERT services were introduced: Dial-A-Bus (DAB);
work, feeder and school subscription services; special serv-
ices; and handicapped service. DAB service carried passen-
gers between any two points in a designated service area
which grew from 9.6 square miles to 15.2 square miles
between 1973 and September 1976. The DAB service extended
transit coverage and replaced several fixed routes during
the off-peak hours, when they were only lightly used. (See
Exhibit 1.3 for a before/after representation of services.)

The subscription services carried customers from any
point within the DAB service area to any of three major
employment centers and three local elementary schools.
These services could also be used to feed fixed-route buses.
The special services took large groups from point to point
within the service area; the most common trips were regular-
ly-scheduled services between elderly housing centers and
shopping malls. Finally, the handicapped service trans-
ported elderly and handicapped service area residents to
several locations outside the service area.

DAB was the most important of the PERT services; it

carried over two-thirds of the total PERT passengers during
the first three years, and accounted for about three-quar-
ters of the PERT vehicle-hours. The subscription services
accounted for most of the remaining passengers and vehicle-
hours. During PERT’s fourth year of operation, DAB service
was curtailed and supplemented by a point deviation service
called the Dew-Ridge Shuttle.

1.3.2 PERT Services in I rondeguoi

t

Unlike Greece, where DAB was the predominant PERT serv-
ice in terms of passengers carried and vehicles used, the
Irondequoit PERT service package included a greater variety

1-5



EXHIBIT 1.2

CHRONOLOGY OF EVENTS

Dial-A-Bus

Services Fares
Work

Subscrip.
School

Subscrip.

Special
Group

Services

Handi-
capped

Services

Point
Deviation
Services

PERT
Fixed-
Routes

Urban RTS

Loop Day Care Route Fixed-
Bus Subscrip. Deviation Routes Comments

7 Vehicles. 9.6 sq.aii . ;

8: 15AM-S:30PM.

6: Reduced Fare Week.

G. Half Fare Week

8 Vehicles.

1

Off-Peak 6 Reducec Feeder Fares,
Feeder G Off-Peak Feede- Promo
Promo 6: Off-Peak Feeder Promo

6: Half Fare Week.

Worksite Added

Off-Peak 6 Area & Hours Expanded,
Service 11.7 so. mi.: Weekdays-

Cut 8: 15AM- 10: 15PM,
Saturday-8: 45AM- 7 :45PM

G: Area Expanded,
12.8 sq.mi.; 12 Vehicles,
6. Half Fare Coupons.

G Area Expanded.
•3.7 sq.mi

.

;

o: Reduced Feeder Fares.
Off-Pea*
Service

Cut

Off-Peak
Services

Cut

13 Vehicles , Midday
-eeder Fare Reducec

6 Hours Expanded:
7 :30AM- 10: 15PM

16 Vehicles; Hal' Tare
Coupons., Free Inner fcoop
Ser*ice; Off-Peak fares
Reduced

6 Area Expanded;
15.2 sq.mi.; Service Site

Expanded; G: Computer

Olspatch Begins Part-lime.

Vehicle Breakdowns
through March, 1976.

6: Half Fare Coupons.
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'(Exhibit 1.2, Continued)

Loop
Bus

Urban RTS
Day Care Route Fixed-
Subscrip. Deviation Routes Comments

Saturday
Service
Cut

I

Off-Peak
Service

Route
Restorec

Off-Pea»
Service
Restored

I

I

27 Venlcies; l: 6.9 sq.m.;
Weekdays -8AM- 9PM,
Satjrdays-8:45AM-7 :45PM.

Fare Increase

I: Hours Reduces. 8AM-7PM

;

Fart Increase: Worksite
Addec : Cneckpoint Added.
I: Fare Increase I- Rour*
Return*^ to RTS ; Full Time
vomou te- Dispatch.

Half Fare Promotion.

•2: Area Reducec:
1C. 7 sq.m- . . Zone Fare

Beams ; Service Expanded;
I: Saturday Service Cut:

I: Fares Lowerec : Transfe-
Station Open

I: Area Expanded.
6.6 sq.mi.; Semi -Scnedu led
Service Beams ; G: Free Fare
Promotion; I: Free Fare Proe*

Hou»-: Reduced. 7:30AM-
3:30PM; Flat Fare
Reinstated ; Fares Increasec,

I: Hours Cut; RTS Routes
Returned

.

7 Vehicles Replaced;
Free rare weex.

Half Fare week,
I: Services Expandec.

26 Vehicles

v
•Point Deviation Services:

6 Dew-Ridge Snuttle

I: Summerville Shuttle

Indicates change in

area or service; see

Comments

.

a>

@
Indicates change in fare, see Comments.

Indicates change in hours, see Comments.
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EXHIBIT 1.3

INTRODUCTION OF GREECE PERT SERVICES

AND EXPANSION OF SERVICE AREAS

BEFORE
(1973)

Dial-A-Bus Service Area

RTS Fixed-Route Bus
* (Peak and Off-Peak Service)

— —• RTS Peak Period Only Service

AFTER
(September 1975)



of transit services. The original plan to extend DAB
service was modified as a result of experience in Greece,
where demand was lower than expected, operating costs per
passenger were higher, and there was an adverse user reac-
tion to the replacing of fixed-route services with DAB.

In Irondequoit, an extensive network of fixed-route
buses already existed. Consequently, PERT services were
designed primarily to supplement these services rather than
to replace them. The PERT services implemented included (1)
DAB, which was operated in only a portion of Irondequoit;
(2) a Loop Bus, a fixed-route shuttle that connected Ironde-
quoit' s major activity centers; (3) the Summerville Shuttle,
a route deviation service that replaced portions of two
fixed-route services; (4) work subscription service to two
employers; (5) a day-care subscription service for handicap-
ped children; (6) special group trip services for transit-
dependents; and (7) Urban PERT, a route deviation service
that operated in both central Rochester and Irondequoit
during the late evening hours. The d emand- res pons i ve
elderly and handicapped service implemented under Greece's
PERT operations also served Irondequoit residents. Some RTS
off-peak fixed-route mileage was eliminated by the PERT
innovations; in most cases, PERT provided equivalent serv-
ices along these routes (as well as additional options such
as route deviation; see Exhibit 1.4).

Irondequoit PERT services were thus designed to serve a

market that the existing fixed-route services were not serv-
ing or were not serving well. In particular, DAB, the Loop
Bus and the Summerville Shuttle were designed to serve local
intra-I rondequoit trips rather than the CBD-bound travelers
who were carried by the fixed-route buses. Work subscrip-
tion service also served a new market. To a lesser extent,
PERT extended transit coverage with DAB service, the devia-
tion options of Urban PERT, and the Summerville Shuttle to
new geographic areas that were not served by the fixed-route
system. The major objective of the remaining services was
to improve service for the elderly and handicapped.
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EXHIBIT 1.4

INTRODUCTION TO I RONDEOUD TT PERT SERVICES

RTS Fixed-Route Bus

PERT Loop Bus

PERT Summerville Shuttle

Dial-A-Bus Service Area

AFTER
(April 1976)

BEFORE
(April 1976)



RESULTS AND IMPLICATIONS1 . 4

The demonstration tested nine different paratransit
services, two changing service areas, innovations in compu-
terised dispatching, and a mixed vehicle fleet. The serv-
ices were affected by fire, freezing, fiscal crisis, vehicle
breakdowns, and international petroleum politics. The
demonstration findings should be interpreted in the light of
the multiplicity of changes in service and their effects on
user behavior, the exogeneous events which occurred during
the demonstration (described in Section 1.5 and 3.3), and
the unique characteristics of the Greece and Irondequoit
service areas (discussed in Sections 3.1 and 3.2).

The findings are numbered sequentially to facilitate
referencing. Although the statements of findings are brief,
they are supplemented by detailed analyses in the sections
of the main report referenced with each finding; the inform-
ation in those sections should also be considered to prevent
an overs impl icat i on or misinterpretation of the results.

This section summarises the demonstration findings in
terms of the following categories:

Level of Service (Supply);
Demand

;

Operating Efficiency;
Service for Transit-Dependent;
Institutional Issues; and
Environmental Impacts.

The findings on transit-dependent services have been sepa-
rated from those of the other services, in order to high-
light them.

The findings are identified as applying to Greece,
Irondequoit, or both. When they can be generalised, the
implications of the different findings are presented.

For Greece, the four-year period from August 1973
through June 1977 is considered, but emphasis is placed on
the period before September 1976, when major service changes
took place. The Irondequoit results are based on the period
between April 1976, when Irondequoit PERT service began, and
July 1977.

Demonstrations do not succeed or fail because of the
success or failure of the services and innovations which
comprise them. Rather, they succeed if they generate
information and experience that is useful to the host city
and to other transit jurisdictions. In that sense, the
demonstration was successful, although many of the innova-
tions did not meet the expectations which motivated them.

1-11



The search for the appropriate combination of components for
an integrated transit system in Rochester is still underway,
with assistance from a new demonstration grant.

1.4.1 Level (Quality) of Service

Levels of service are those characteristics of the
transit service that are perceived by the user, such as
availability, travel time, reliability, and fares. The
impacts of the demonstration services on levels of service
were mixed. The new services did extend the availability of
transit to users not previously served, and they provided
door-to-door convenience to both new and old transit users.
Travel time impacts depended on the fixed routes that served
the users before PERT services were inaugurated and the time
of day selected for travel. In different situations, travel
time increased, decreased, or remained about the same.
Travel time increases must be traded off against door-to-
door convenience and with the ability of additional persons
to use transit (particularly persons who may have had to
make several transfers to use fixed-route service). Relia-
bility, or punctuality, as measured by the passenger's abil-
ity to predict arrival times, was generally lower than
fixed-route reliability.

PERT fares were higher than those of 95% of the other
demand-responsive systems (Appendix A-20). Findings rela-
tive to the impact of fares are discussed in the sections on
Demand and on Marketing and Promotion.

1.4. 1.1 Transit Coverage.

Transit coverage is a measure of the availability of
transit, from both geographic and time-of-day viewpoints.
Only geographical coverage is treated in this report.
Geographical coverage is expressed as the percentage of
service area residents who live within walking distance of a

bus route (maximum walking distance is usually considered to
be one-quarter mile).

Greece Find ings

1. PERT services greatly increased spatial transit
coverage in Greece by providing many-to-many service to
service area residents who did not have access to
fixed-route buses (Exhibit 1.5). About one-third of

the DAB users reported that they could not have made
their trip if DAB had not been available (Sections 5.1,
6.2.4 and Finding 15).
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EXHIBIT 1 .5

TRANSIT COVERAGE PERIOD IN GREECE

(September 1975)

*Does not include overlap with fixed-route; DAB served

68,820, total Greece target population.
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About half of the Greece service area population of
70,000 persons resided more than 1/4 mile from an RTS
fixed — route bus line; about one-third of the residents
lived over 3/8 of a mile from a bus route. Therefore, PERT
provided service to between one-third and one-half of serv-
ice area residents who previously did not have convenient
access to transit. Furthermore, using DAB made it possible
to make transit trips that were previously difficult or
impossible due to the route structure or excessive transfer-
ring between fixed-route buses. Between one-third and one-
half of all DAB trips served the large shopping malls on
West Ridge Road, which were inconveniently served by fixed-
route t rans i t .

School subscription service accommodated students who
did not live the required one and one-half miles from their
school and therefore did not qualify for schoolbus service.
Originally, five schools were served, but this number
decreased over time.

I rondeguoit Findings

2 . PERT services only slightly increased the overall
spatial transit coverage in Irondequoit. PERT did,
however, offer a more expeditious means of making local
trips (Section 8.1 and Exhibit 1.6).

Because Irondequoit had a relatively extensive fixed-
route bus network prior to the demonstration, PERT’s role in
providing transit coverage for new geographic areas was less
substantial than in G r eec e ( Exh i b i t 1.6). All PERT services
together provided transit service to 24% of the service area
population that did not previously have access to fixed
routes during the off-peak period. In the DAB service area,
only 17% of the service area population lived over one-quar-
ter mile from a peak period bus route, and only 27% of the
service area population lived more than one-quarter mile
from an off-peak bus route.

The primary contribution of PERT transit coverage was
to provide a convenient means for making local circumferen-
tially-directed trips. Using fixed-route services, these
trips required the traveler to go considerably out of his
way to move radially to and from the CBD, where a transfer
between two radial bus routes was needed. Both DAB and the
Loop Bus provided convenient circumferential service.

Implications

PERT-like services, especially door-to-door DAB, can
provide greater transit equity to a suburban population than
fixed-route service because PERT offers transit service to
virtually 100% of the population within a service area.

i
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EXHIBIT 1.6

TRANSIT COVERAGE IN I RONDEQUO IT

(Incremental Areas Served by PERT Compared to Original Fixed-Route Service)

(April 1976)

14.3%

65.3%

Summervil le

Shuttl

e

Deviations

(1 ,894)

Loop Bus

(651)

O •
tT/CI

Bus + DAB

(2,585)

56,390 = Total Irondequoit Target Area Population

*Does not include overlap with fixed-route; DAB served

40,000 persons.
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Nonetheless, this politically attractive feature of
d emand - res pons i v e services should not be allowed to dominate
system selection. Instead, transit providers should deter-
mine if their objectives can be accomplished at a lower cost
by the creative integration of door-to-door services with
other paratransit services.

Because DAB services are theoretically less expensive
per passenger at low demand levels, time coverage may be
extended more cost-effectively by d emand- res pons i ve services
than by fixed-route services. Off-peak substitutions of DAB
for fixed-route services should be undertaken with care,
however, as this strategy was not effective in Greece (see
the section on Route Rationalization later in this summary).

1.4. 1.2 Transit Reliability.

Transit reliability is measured by the dependability or
predictability of the service--that is, the confidence with
which users plan their activities around transit perform-
ance. Elements of reliability include: the earliness or
lateness of the pick-up (pick-up deviation); the variability
of ride times; and the elapsed time between a call for imme-
diate service and bus arrival (response time).

Greece Findings

3. DAB service was less reliable than fixed-route
service when reliability is defined as the ability of
users to predict the starting times of their trips
(Section 5.3 and Exhibit 1.7). Response times and trip
durations were usually acceptable.

DAB service unreliability was the principal complaint
voiced by DAB users in the on-board surveys and through
correspondence (see Finding 10). During 1975, the actual
pick-ups of immediate request DAB passengers occurred an
average of five minutes after they were promised, and the
advance request pick-up was made seven minutes late on the
average. Furthermore, the actual pick-up times varied
widely around the promised pick-up times, making it diffi-
cult for users to plan their travel schedules. Assuming a

normal distribution of pick-up times around the mean,
approximately 70% of all pick-ups occurred outside the band
from five minutes early to five minutes late, and 15% were
20 or more minutes early or late. During 1976, when there
was a constant shortage of vehicles and difficulties with
implementing computerized dispatching, service quality
declined. The service area was reduced in 1977, with an
accompanying improvement in service and service reliability.
Although the average pick-up was still a few minutes late.
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EXHIBIT 1.7

DAB RELIABILITY (GREECE)

SYSTEM
RESPONSE

TIME

PICKUP
DEVIATION*

RIDE TIME

35
DAB
ADVANCE 30

REQUESTS
25 -

20
<S)

CD

a 15
c
* 10

5

0

-5 J. -5

Manual Operation (March to October, 1975)

Computer Operation with Comparable Service
Area Size and Demand (June to September, 1976)

Computer Operation After Service Area Size

and Demand were Reduced (February to May, 1977)

* Bar below the line represents early DAB arrivals.
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!

vehicle arrivals were less variable. A bus was more than 20
minutes early or late only about 6% of the time.

I

Average response times for the entire demonstration
were about 25 minutes. Average ride times varied between 13
and 19 minutes; their variability was typically about 60% of
total ride time.

Data on the reliability of the other PERT services and
the fixed-route services are not available. When surveyed
in April 1975, however, work subscription service users
considered the service to be quite reliable. Less than 20%
of the survey respondents arrived late to work more than
once a month because of PERT delays.

Irondeguoit Findings

4. In general, PERT fixed-route and route deviation
buses provided reliable service to Irondequoit (Section
8.2). Although conditions improved in 1977, DAB was
plagued by reliability problems similar to those expe-
rienced in Greece (Section 8.3 and Exhibit 1.8).

The PERT fixed-route and route deviation buses were
generally reliable, except during December 1976 and January
1977 when there were excessive vehicle breakdowns. A few
Summerville Shuttle users complained about poor transfer
coordination with RTS buses.

Because it did not adhere to a schedule, DAB was more
likely to be perceived as unreliable. The situation was
especially serious during the fall of 1976, when vehicle
shortages were acute. For example, about 20% of all immedi-
ate-request passengers were picked up more than 20 minutes
early or late. j

I

In two on-board surveys, users rated predictability as
DAB’s least attractive attribute when compared to other
travel modes (Exhibit 1.12). In December 1976, 44% of the
survey respondents said that DAB was less predictable than
their usual mode of travel. By comparison, only 34% said
that DAB cost was too high, even though DAB was more expen-
sive than most users’ alternative modes (taking RTS buses,
being driven or driving). Perceptions of DAB reliability
improved in the spring of 1977.

Implications

Demand - res pons i v e service flexibility in responding to
calls for immediate service is accompanied by decreased
reliability. The many-to-many DAB service was the most
flexible, while the scheduled subscription and route devia-
tion services more closely resembled fixed-route services.
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EXHIBIT 1.8

DAB
IMMEDIATE
REQUESTS

SYSTEM
RESPONSE

TIME

PICKUP
DEVIATION*

RIDE TIME

DAB

ADVANCE
REQUESTS

]
October to November, 1976

D March to June, 1977

* Bar below the line represents early DAB arrivals.
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A trade-off exists between the doorstop convenience and
areauide coverage of DAB service and the schedule reliabil-
ity of a fixed-route bus; different users place different
values on each

.

Perceived DAB reliability depends largely on user
expectations, based either on promised pick-up times or past
experience. If the vehicle arrives when it was promised,
the system is perceived as reliable, whether the user waited
10 minutes or 30 minutes. If the usual immediate request
requires a 30-minute wait, the service is perceived as being
less responsive than one that requires only a 10-minute
wait. If the bus arrives when promised, the user can depend
on the response. This suggests that operators should give
particular attention to accurately predicting arrival times,
and that arrival time intervals should be quoted rather than
specific times. Pick-up should be made within the predicted
interval almost all of the time.

Many users are not as concerned with pick-up reliabil-
ity as with predictable arrivals at their destinations.
This suggests that systems that accept and schedule accord-
ing to arrival times, as some airport limousine services do,
are convenient for many users.

Subscription services are sensitive to vehicle relia-
bility, especially during peak commuting hours when the
number of vehicles available for back-up support is limited.
Because only one bus serves each tour, passengers waiting
for a disabled vehicle are stranded until the bus is
repaired or another is made available.

Since demand-responsive and subscription services are
sensitive to vehicle availability, special maintenance
procedures that enhance vehicle availability and reliability
are required. A 1 a r g e r- 1 han-us ua 1 fleet of spare vehicles
systems may also be necessary, and preventive maintenance
should be stressed. The additional cost of a comprehensive
maintenance program is probably an intrinsic characteristic
of successful demand-responsive services (Section 5.2.3 and
8 . 2 . 2 ).

1.4. 1.3 Transit Travel Times.

Travel time is defined as the total elapsed time
required to make a trip, including: (1) the time taken to

get to the pick-up point; (2) any waiting time; (3) the time
spent on-board the vehicle; (4) any time spent waiting for a

transfer; and (5) the time spent moving from the bus debar-
kation point to the final destination. Calculations of

transit travel times, especially those of DAB, depend on how
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wait time (the time between calling for service and bus
arrival) is measured. To deal with variations in waiting
time, transit trips are divided into ’’planned access’’ and
’’random access" categories. When a rider attempts to coor-
dinate their trip with the bus schedule, that trip is plan-
ned. Fixed-route users try to meet the bus at its scheduled
arrival time, allowing some margin of safety in case the bus
is early. DAB patrons can often make constructive use of
the period spent waiting for the bus to arrive, though they
must take care not to miss a possible early arrival. Random
access trips are assumed to start randomly in time, without
consideration of the bus schedule. Travel time for such
trips begins when a persons sets out for the bus stop or
telephones for DAB service. It is assumed that waiting time
is not used productively.

Travel time comparisons between fixed-route and PERT
services are based on trips that can realistically be made
by transit. The comparisons do not adequately reflect DAB's
ability to improve travel times for trips that are poorly
served by fixed-route lines, such as those which require a

time-consuming transfer.

Greece Findings

5. In general, DAB travel times were longer than those
of the fixed routes for those users who previously
could complete their trips without a transfer. Some
subscription users' travel times were shorter than
fixed-route travel times; others were longer, depending
on the fixed route used previously. DAB travel times
decreased significantly after the 1977 service changes
were made, until they were roughly equivalent to non-
transfer fixed-route travel times (Sections 5.3.4,
5.3.5, 5.4.1 and Exhibits 1.9 and 1.10).

6. In most cases, route rationalization increased
travel times to points outside the DAB service area
(Section 5.3.6 and Findings 9, 22 and 23).

The average DAB random access trip during the 1975
steady-state period took 41 minutes, while planned-access
trips on DAB averaged about 27 minutes (see Section 5.3.1
for assumptions). In-vehicle ride time was about 16 minutes
in each case. An equivalent trip by automobile would take
about 8.4 minutes or 20% to 30% of the DAB times (see
Exhibit 1.9). During 1976, however, frequent vehicle break-
downs resulted in constant vehicle shortages and caused DAB
waiting times and in-vehicle ride times to increase.

Before Greece's route cutbacks, fixed-route travel
times varied according to the route, the time of day, and
whether or not a transfer was necessary. In 1975, DAB
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Minutes

EXHIBIT 1.9

COMPARATIVE TRAVEL TIMES (GREECE)

RANDOM ACCESS PLANNED ACCESS

DAB Fixed- Fixed- Auto
Route & Route &

Transfer Transfer
(minimum) (maximum)

DAB Fixed- Fixed- Auto

Route & Route &

Transfer Transfer
(minimum) (maximum)

SUBSCRIPTION TO KODAK

Route

March to October, 1975.

Based on 2.8 mile average
DAB trip length; 3.4 mile

average subscription trip

1 ength

.

February to May, 1977.

Based on 2.4 mile average
DAB trip length.
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OUTBOUND

INBOUND

EXHIBIT 1.10

DAB TRAVEL TIMES TO AND FROM TRANSFER POINT (GREECE)

(For Downtown Service, Before and After Rationalization on Weekdays)

10 14 10 14

< RANDOM ACCESS > < PLANNED ACCESS >
50

40

30 -

r
c
= 20

10 -

15.5

31 .5

Route Route
10 14

Dial-A-8us Auto Route Route Dial-A-Bus

10 14

-50

-i 40

30

- 20

1974 Data

1975 Data

1977 Data

Before Rationalization; Fixed-route travel times based

on published schedules.

After Rationalization: DAB travel times based on service
quality checks and transfer point time studies. Auto

travel times based on average DAB trip length.

(See Section 5.3.5 and Exhibits 5.13 and 5.15 for additional assumptions.)

1-23



travel times were longer for trips within a corridor served
by fixed-route transit, but slightly shorter if the fixed-
route trip required a transfer (Exhibit 1.9). Thus, in most
cases, route rationalization increased travel times (see
Exhibit 1.10). DAB travel within the Route 10 (Dewey
Avenue) corridor was found to be especially inferior to
fixed-route service when the rider wished to travel outside
the DAB service area. Trips outside the service area
required a transfer between DAB and RTS Route 10, where a

direct fixed-route trip was previously possible. The aver-
age DAB-to-RTS transfer time was approximately seven
minutes, about half the Route 10 headway. For the RTS-to-
DAB transfer, transfer times of between 12 and 16 minutes
were recorded.

In 1977, DAB travel times decreased because trips were
shorter in the smaller service area. A low vehicle produc-
tivity (3.9 passengers per vehicle-hour) may also have
contributed to shorter travel times and better service.
During early 1977, the average DAB random access trip took
about 29 minutes while a planned access trip averaged about
21 minutes, considerably less than the 1975 results (Section
5.3.4).

Average work subscription travel time (excluding wait
time) was about 23 minutes, compared to about 10 minutes for
driving and 18 to 25 minutes for fixed-route bus for patrons
living in the fixed-route corridors (Exhibit 1.9).

Travel time for school subscription services averaged
18 minutes, but the average trip length was only 1.1 miles;
the average travel speed was 3.7 miles per hour, only
slightly faster than the walking speed of an adult. This
poor performance was caused by circuitous tours needed to
serve the area adjacent to the school (Section 5.5).

Telephone interaction with users appears to have been
satisfactory during the latter part of the demonstration.
Full-day control room studies in February 1976 (Greece) and
March 1977 (Greece and Irondequoit) disclosed that about
two-thirds of all calls were answered immediately (within
five seconds); only 6% were held for over one minute before
being answered. A less detailed Greece study in February
1975 had disclosed a much longer wait time. Throughout the
project, booking a service request took about one minute
once the call had been answered (Section 5.3.8).

Irondequoit Findings

7. In general, PERT services in Irondequoit did not
significantly affect transit travel times. The route
deviation option of the nominally fixed-route PERT
service attracted few riders and thus travel times on
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these routes were not particularly affected (Sections
8.3.1, 8.3.2 and 9.1.3).

8. Although DAB and the Loop Bus did lower circumfer-
entially-directed transit travel time, these services
were not widely used, and as a result had little influ-
ence on aggregate travel times. Nevertheless, once the
vehicle breakdowns had abated, DAB was able to provide
travel times approximately equal to fixed-route travel
times (Section 8.3.5 and Exhibit 1.11).

By 1977, the average DAB random access trip time was
reduced from 35 to 26 minutes. In general, persons request-
ing immediate DAB service could expect the bus to arrive in
about 17 minutes, reaching their destination approximately 9

minutes later; this was slightly less" than the average
midday travel time for a person arriving randomly at a bus
stop and traveling by fixed-route bus. Planned access DAB
and fixed-route passengers had average travel times of
around 18 minutes (Exhibit 1.11). Although Irondequoit Loop
Bus riders faced longer average travel times— because of a

longer headway, an indirect route, and one-way-only opera-
tion— their trips were substantially faster than the alter-
native fixed-route bus service, which required travel to and
from the CBD (Section 4.2.1). In all cases, equivalent
automobile trip time was 25% to 30% of DAB trip times
(excluding the time taken to park the automobile).

Due to the infrequent usage of the route deviation
option and loop service in Irondequoit, it is impossible to
determine the impacts that more usage would have had on
overall travel times. Therefore, these results may have
little transferability because of the low demand density and
low vehicle productivity that existed (see Findings 18 and
21 and Section 10). Only about 2.8 passengers per vehicle-
hour were carried by DAB in Irondequoit and, as a result,
DAB service approximated single-passenger taxi service.

Implications

As a general rule, operators initiating demand-respon-
sive services in uncongested suburban areas should not
expect those services to yield average travel times that are
substantially less than those experienced by fixed-route
alternatives, even when fixed-route headways are as long as
45 minutes or an hour. D emand - r es pons i v e travel times may
be shorter than fixed-route travel times in cases where
transfers are required for the fixed-route trip.
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Minutes

Minutes

EXHIBIT 1.11 COMPARATIVE TRAVEL TIMES ( I RONDEQUO IT

)

(Two-Mile Average Trip; See Section 5.3.1 and 9.1.1 for Other Assumptions)

Fall 1976 Spring 1977 Route

Fall 1976 Spring 1977 Route
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1 . 4 . 1 . 4 Transfer Coordination.

Transfer coordination refers to strategies that reduce
the waiting time of travelers transferring between two modes
or two routes. Several transfer coordination strategies
were tested in Greece. Passengers aboard RTS fixed-route
buses could ask the driver to radio their DAB request to the
control room. Some RTS routes were designated to be met by
DAB buses. Transfers from DAB to RTS depended on the sche-
duler's ability to predict passengers' drop-off times at the
transfer points.

Greece Finding

9: During 1975 and 1976, efforts to improve transfers
between DAB and fixed-route services did not appreci-
ably reduce transfer times (Sections 5.3.6 and 6.3.4
and Exhibit 1.12). When the Dew-Ridge Shuttle was
introduced and coordinated with RTS, many DAB passen-
gers switched to the Shuttle (Section 6.1.1).

In 1975 and 1976, transfer times from DAB to Route 10
buses were slightly longer than half the average headway,
resulting in about the same transfer time than a passenger
arriving at random could expect. In contrast, average
transfer times from fixed-route buses to DAB (15 minutes)
were shorter than the average wait time for immediate
request DAB users (25 minutes; see Exhibit 1.11). However,
the total DAB notification time for an RTS transfer passen-
ger was slightly longer than the wait time experienced by
the average immediate request user. The radio transfer
request from the RTS drivers to the PERT control room was
normally made between 10 and 20 minutes before the arrival
of the RTS bus at the transfer point. As a result, the
request was received 25 to 35 minutes before the actual DAB
arrival. Hot all requests were communicated from RTS to
PERT, and, as a result, there were some 1 ong er- than-expec t ed
transfer times. The strategy of designating fixed-route
buses to be met by DAB vehicles had little impact on trans-
fer t imes

.

Transfer times from fixed-route buses to DAB were
highly variable. In a three-day transfer study conducted in

1976, 14% of the reported outbound transfers to DAB incurred
waiting times of 30 minutes or longer. Persons transferring
to DAB every day would have been faced with a 30-minute
outdoor wait at the transfer point nearly once a week. A

survey in the spring of 1977 indicated that the variability
in expected waiting time had decreased markedly, coinciding
with the general improvement in DAB reliability.
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The Dew-Ridge Shuttle, which was well coordinated with
RTS buses, was established in September 1976. As a result,
transfers between DAB and RTS fell sharply (perhaps because
users preferred the reliability of two fixed-route serv-
ices) .

The failure of transfer coordination was indicated by
users' attitudes, which reflected dissatisfaction with
transfer wait times and the inconvenience of transfers.
Although transfer conditions improved in 1977, few addi-
tional transferring passengers were attracted.

Implications

Transfers are an annoyance to users, even though the
unfavorable reaction to transfers is not commensurate with
the time required to make them. 1 Therefore, system designers
should focus on providing fast, convenient and comfortable
transfers when they are required.

1.4. 1.5 User Attitudes Toward Transit.

Several surveys were taken aboard each PERT and fixed-
route bus to discern users' attitudes toward PERT and RTS
services. The survey questions asked users to rate service
characteristics on a five-point scale. The key results are
reported below.

Greece and I rondeguoit Findings

10. DAB services generally received high ratings for
comfort and safety, while speed, cost and predictabil-
ity were rated less favorably, in approximately that
order. DAB convenience was rated between these two
groups (Exhibit 1.13 and Section 6.2.5).

Irondequoit RTS users rated safety, convenience and
punctuality as important travel attributes, with the
elderly including cost as a major consideration. Of

these four factors, fixed-route transit users felt that
the greatest improvements were needed in punctuality,
an area in which PERT made no significant improvements
(Sections 9.9.3 and Exhibit 1.14).

1 A survey of 786 users rated a "no transfer trip" as the
third highest desirable attribute of 32, following only
"arriving when planned" and "having a seat." User Prefer -

ences for a Demand- Res pons i v e Transportation System: A

Case Study Report, R.L. Gustafson, H.N. Curd and T.F.
Golob, General Research Laboratories, January 1971.
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The demonstration provided the opportunity to survey
Irondequoit transit users before and during the demonstra-
tion in order to gauge the impact of the new services
(Section 9.9.3). Routes unaffected by the demonstration
comprised a control group. Prior to the initiation of PERT
service, RTS users judged the safety and convenience of
transit quite favorably, but were more critical of the
transit system’s punctuality (Exhibit 1.14). Elderly users,
though more favorably disposed to transit overall, ranked
the various attributes in the same way. This result
suggested that the greatest improvements were needed in the
area of punctuality. Demand-responsive services, however,
emphasized convenience, safety and comfort and sacrificed
punctuality. Demand-responsive services in Irondequoit did
not, therefore, correct the most significant of the user-
perceived transit shortcomings.

Compared to their usual transit mode, Irondequoit DAB
users ranked DAB more highly than did Greece users. This
was due to the use of DAB in Greece as a replacement for
fixed-route service, whereas in Irondequoit DAB was an addi-
t i onal service

.

Surveys of PERT users conducted after PERT’s implemen-
tation made comparisons possible between PERT and RTS user
perceptions of transit. In general, PERT improved the
perceived comfort of transit and, to a lesser extent, the
modernity and enjoyment of using transit. However, PERT was
also judged to have made transit more complicated to use.
Perceptions of other transit attributes were not altered by
PERT (Section 9.9.3).

Implications

Attitude surveys in Rochester and other locations
suggest that transit unreliability (unpredictability) is a

much greater problem than any of its other characteristics,
including travel time and cost. Therefore, demand-respon-
sive services will not dramatically improve service for
reliability-conscious users, unless they can be made more
reliable. If services cannot be made more reliable, they
should be directed toward population groups or trip patterns
that are not presently served by existing transit. Handi-
capped persons who are unable to use regular transit are
such a group.

Relatively affluent commuters who rarely used transit
were able to benefit most from PERT subscription service.
Whether PERT-type services can attract large numbers of

affluent users to transit is not clear from the Rochester
experi ence

.
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1.4.2 Demand

Transit demand in terms of the number and type of
riders depends on the quality and promotion of the services.
This section assesses PERT demand levels and describes the
impacts of marketing and promotion on demand.

The number of riders who use a service per day is the
most simple measure of demand. For purposes of comparison
to other systems, demand densities (commonly measured by
riders per capita per day or riders per square mile of serv-
ice area per hour) are more useful.

1.4.2. 1 Demand Density.

Greece Findings

11. Before September 1976, the Greece DAB demand
density (ridership per capita) was comparable to other
dial-a-ride systems in the United States. Thereafter,
demand density was lower than other systems, due in
part to reliability problems.

12. Although DAB users were predominantly female and
were transit-dependent in the sense that they did not
drive, DAB attracted a diversity of users in terms of

age, employment status, and trip purpose (Section 6.2.2
and Exhibit 1.15).

Stimulated by three service area expansions, by an
increase in operating hours, by three week-long half-fare
promotions, and by the elimination of two RTS bus routes
during the off-peak period, DAB ridership grew rapidly
during the first 18 months of operation and then leveled off
at around 475 passengers per day. This average demand
density of 2.2 passengers per square mile per hour (Section
6.1.1) was much lower than the 8.7 to 11.8 demands per
square mile per hour estimated prior to project implementa-
tion (Section 4.3.1).

At its maximum, DAB ridership reflected a daily usage
of about 6.9 passenger trips per 1,000 population. This is

somewhat less than the median of 8.3 observed in 68 other
d emand - r es p ons i v e systems (Appendix A. 20). Nonetheless,
when other factors were considered, Greece DAB service
patronage was comparable. Ridership in the other systems
was found to be correlated with the service area population
and the number of hours the service operated. Using these
data, Greece had a higher than average ridership, although
the differences were not statistically significant.
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EXHIBIT 1.15

GREECE USER AND TRIP CHARACTERISTICS

Dial-A-Bus Subscription

User
Characteristics

10/17/73 2/21/74 6/6/75 6/14/76 12/16/76 4/75

SEX:

Male 19.3 21.8 28.8 26.6 17.7 48.4
Female 80.7 78.2 71 .2 73.4 82.3 51 .6

AGE:

Under 18 13.3 28.8 20.3 29- 4u 31 .6?

32.

4

b
12.15

18-44 47.0 46.8 52.5 39.

9

b
40.

3

d

45 - 64 27.7 18.9 19.9 18.9 22.1 47.

6

e

65 and Over 12.0 10.7 7.3 11.8 14.0

DRIVERS LICENSE:

Licensed 39.1 45.9 42.9 47.8 35.8 83.9
Not Licensed 60.9 54.1 57.1 52.2 64.2 16.1

HOUSEHOLD AUTO
OWNERSHIP:

0 15.4 17.1 20.1 21 .7 27.3 4.0
1 54.8 52.8 44.6 47.9 44.7 61 .3

2
(29.8 (30.1

22.5 20.3 20.5 27.4
3 or more 12.8 10.0 7.6 7.2

TRIP PURPOSE:

Work 44.2 38.1 40.8 38.3 38.3 --

School 2.9 3.4 7.8 10.2 6.8 --

Shopping 22.9 35.5 27.2 25.6 30.9 --

Medical 14.3 6.3 4.6 7.7 1 .2 --

Other 15.7 16.2 19.7 18.3 22.9 --

AVERAGE WORKERS
IN HOUSEHOLD: -- — — — -- 2.55

a
Under 20 Years

b
20-44 Years

C
1 5-24 Years

’

d
25-44 Years

e
45-65 Years
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An analysis of the changes in demand following route
rationalization indicated that about one-sixth of the total
ridership (or two-thirds of the DAB transfer ridership) was
composed of persons who previously had used the fixed-route
system. Thus, it may be assumed that had the fixed-route
buses been retained, DAB ridership would have been only
about five-sixths as large as it actually was.

During 1976, severe vehicle breakdown problems resulted
in a 21% decrease in DAB ridership compared with 1975. The
number of persons requesting service, however, dropped only
about 10%. The balance of the loss results from increases
in no-shows and cancellations (from about 10% to 25% of all
trips) .

When the Dew-Ridge Shuttle and the zonal fare system
were introduced in September 1976, average DAB ridership
dropped by about 36%. Most of the lost riders were diverted
to the Dew-Ridge Shuttle, which also attracted a small
ridership that had not used DAB. Before the Shuttle service
was initiated, 34% of the DAB riders had transferred between
DAB and RTS. Of the DAB riders diverted to the Dew-Ridge
Shuttle, 45% had formerly transferred between DAB and RTS
buses. Dew-Ridge Shuttle service, then, was more attractive
to riders who previously had to transfer to make their trip,
even though they still had to transfer between the Shuttle
and RTS buses. The transfer between these two fixed-route
legs was more reliable (Section 6.1.1) than a transfer
between DAB and fixed-route bus.

DAB catered to a diverse market (see Exhibit 1.14).
Although roughly one-quarter of the users came from house-
holds without automobiles, almost 30% were from households
with two or more automobiles. Likewise, one-third of the
riders were employed, one-third were students, one-sixth
were retired, and the final one-sixth were homemakers. A

variety of age groups were represented, although females
outnumbered males by three to one. Work trips comprised 40%
of all trips; an additional one-quarter were shopping trips.
Although 60% to 65% of the users did not possess a driver’s
license, only about one-third of the passengers could not
have made their trip without DAB. About 40% reported that
they used either DAB or RTS buses for most of their local
travel, while 30% reported that they were usually driven by
others for local trips (Section 6.2.2).

Work subscription ridership varied between 150 and 175
passengers per day during the winter and 100 to 125 during
the summer, resulting in an observed demand of between 0.7%
and 1.3% of all Kodak Park workers living in the service
area. This usage is relatively small compared to the 6.5%
of the 1970 working population who traveled to work by bus.
Unlike DAB patrons, work subscription users were predomi-
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nantly male, middle-aged, and affluent. Seventy-two percent
of the users reported that they had never ridden RTS buses,
and most would switch to driving or carpooling if PERT did
not operate. Most riders used PERT because they came from
households in which there were more workers than automo-
biles. Thus, work subscription service catered to a very
different market than did DAB (Exhibit 1.15 and Section
6.4).

Irondequoit Findings

13. Irondequoit experienced lower demand densities
than the average found in other systems throughout the
demonstration (never exceeding 2.6 daily passengers per
1,000 residents). This was probably due to the higher
fares charged and the availability of fixed-route serv-
ice.

14. Most Irondequoit route deviation (Urban PERT,
Summerville Shuttle) passengers were former RTS users.
The majority of DAB and Loop Bus users were highly
transit-dependent (Sections 9.9.1 and 9.9.2 and Exhibit
1.16).

DAB and the Loop Bus generated little demand; combined
ridership on these two services did not rise above 140 daily
passengers. Prior to PERT's introduction, four of the five
RTS off-peak fixed-route lines carried more Irondequoit
passengers during the five-hour midday period than both
Dial-A-Bus and the Loop Bus. Although these services
carried relatively few passengers, they served a highly
t r ans i t-d ep end en t group. Persons 65 and over made up 18%
and 26% of the DAB riders responding to two surveys.
Between 35% and 45% of the riders came from autoless house-
holds (Exhibit 1.16). Forty-five percent and 55% of the
respondents said they used PERT or RTS for most of their
local travel. A Loop Bus survey suggested that its market
is even more transit-dependent, although the results are
inconclusive because of the small sample size.

Riders on the Summerville Shuttle and Urban PERT were
mainly former RTS users; few new riders were attracted.
Reported data show that few persons used the route deviation
options on either of these services, although errors in
driver counting may have resulted in some underestimation.
Urban PERT users felt little need to use the deviation
option, since most lived fairly close to a bus stop. Most
Urban PERT users were traveling to work, and apparently
timed their trips well enough that waiting was not a prob-
lem. New users were not attracted to the service, perhaps
because there was little promotion in the Rochester portion
of the Urban PERT service area. The Summerville Shuttle
made only small route deviations, and benefitted few users
compared with the number of residents in its corridor.
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EXHIBIT 1.16

IRONDEQUOIT USER AND TRIP CHARACTERISTICS

Fixed-Routes
(Before; Summer- Ironde- Routes 9

Weekdays

)

ville 0AB
a

quoit Urban and 10

User Day Night Shuttle (Weekday) Loop PERT (Control

)

Characteristic (n=343) ( n= 2 1 6

)

( n=94 ;90) (n=45;53) (n=20) (n-112) ( n= 129) .

Dates 3/76 8/76 ; 1 2/76 8/76 ; 1 2/76 11/76 12/76 3/77

Sex

Male 33.1 61.8 38.4 25.1 25.0 52.7 27.9

Female 66.8 38.2 61.6 74.9 75.0 47.3 72.1

Age

Under 20 35.9 29.9 36.1 20.4 8.3 25.6 27.3

1OC\J 26.7 52.1 33.1 34.9 8.3 51.1 27.3

45.- 6A 23.4 14.7 14.5 22.8 25.0 20.0 32.0

Over 65 13.9 3.3 16.3 21.9 58.3 3.3 13.3

Driver's License

Li censed 44.7 45.1 46.2 40.1 41.7 41.4 48.3

Not Licensed 55.3 54.9 53.8 59.9 58.3 58.6 51.2

Household Auto
Ownership

0 20.1 41 .4 30.0 39.7 45.5 N/A 17.5

1 45.0 38.5 32.2 28.3 36.4 N/A 50.0

2 26.5 12.6 25.6 26.0 18.2 N/A 26.3

3 or More 8.4 7.5 12.2 6.0 0.0 N/A 6.1

Mean (assuming 1.25 0.88 1.27 1.00 0.73 N/A 1.22
3.2 for 3

or more)

Trip Purpose

Work 36.3 41 .7 35.4 39.5 27.3 62.9 37.9

School 17.7 11.4 20.2 2.8 0.0 10.1 15.5

Shopping 10.7 4.0 17.6 22.1 63.6 3.4 9.5

Medical, Dental 3.3 0.0 5.5 11.4 0.0 0.0 4.3

Personal Visit 5.7 9.7 7.7 12.5 0.0 13.5 7.S

Recreation 3.0 10.3 8.3 5.9 9.1 ... 4.3

Personal Business 12.0 6.3 2.6 -- 0.0 — 12.1

Other 4.0 5.1 2.8 5.7 0.0 10.1 8.6

Mul ti -Purpose 7.3 11.4 -- — — --

a
Two surveys averaged.
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The other PERT services -- peak period and
transit-dependent services -- served special groups.
Although they filled specialized transit needs, their rider-
ship was small compared to the general transit services in
the area.

Impl ications

D emand - res pons i ve services such as those implemented in
Rochester cannot be expected to capture a major part of the
travel market in a large urban area. PERT market shares
were lower than those of the fixed-route system in Greece
and Irondequoit, and it seems doubtful that such services
could significantly boost the transit mode share of a large
urban area having a fixed-route system. Rather, the role of
d emand - r es p ons i v e services is to meet special needs not met
by the regular fixed-route transit network. This is one
major lesson learned by the RGRTA from the early Greece
experience and affected subsequent systems implemented in
both Greece and Irondequoit. Naturally, changes in gasoline
prices and availability may change this user behavior in the
future.

Several factors are hypothesized to affect DAB demand
levels: (1) the level (quality) of service, (2) the fare,
(3) the number of operating hours, (4) the service area size
and whether the service area includes activity centers, (5)
the availability of alternative transit services and their
service levels, and (6) the demographic characteristics of
the population served. The majority of these data were not
available for the other systems studied, so it was not
possible to accurately compare PERT demand with that of
other systems. Nonetheless, the apparently low ridership
was probably caused by the high fare (most of the other
systems charged a base fare of $0.50 compared to PERT’s
$1.00 and $1.25), and the availability of alternative
fixed-route services, especially in Irondequoit.

In small, self-contained towns without fixed-route
service, a DAB system is more likely to attract a signifi-
cant share of the transit market. Likewise, route deviation
services may be more effective than those in Irondequoit
when they penetrate more deeply into areas unserved by
t r ans i t .

1.4. 2. 2 Latent Demand.

Greece and Irondequoit Findings

15. About one-third of all DAB trips would not have
been made if DAB did not exist; roughly the same number
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of trips were diverted from the automobile (Section
6.2.4 and Exhibit 1.17).

In response to questions concerning their alternative
travel modes if PERT did not exist, between 20% and 30% of
PERT users in Greece said they would not have made their
trip, and 20% to 40% responded similarly in I rondequoit

.

The same survey results indicate that a similar number of
users would have made their trip by car (by driving or being
driven); between 4% and 14% of DAB users would have driven.

Impl icat i ons

A DAB service can be expected to enhance the mobility
and independence (freedom from having to be driven) for a

substantial number of its users. Only a few of those who
would have driven an automobile if the DAB service were not
available will be attracted to DAB.

1.4. 2. 3 Fares, Marketing and Promotion.

Greece Finding

16: DAB ridership in Greece increased substantially
during half-fare promotions. Significant portions of
the new riders continued to use DAB after the promo-
tions. Half-fare promotions were less effective in
attracting subscription users (Section 6.8).

Reduced fare promotions occurring early in the project
tended to be more successful than those undertaken later.
The impacts of longer-term fare changes were generally
difficult to gauge because of the concurrent timing of other
major service changes. Although the data do not support
statistically significant conclusions, fare change experi-
ences suggest that the fare elasticity for d emand- res pons i ve
services is slightly higher than the elasticity of one-third
which is accepted for fixed-route services.

Irondeguoit Finding

17: The effectiveness of the Irondequoit marketing
program was limited by the complexity of the Ironde-
quoit service package (Sections 4.2.4, 9.7).

The marketing program in Greece was more successful
than neighboring Irondequoit in attracting PERT riders. The
four week-long fare reduction promotions in Irondequoit
failed to significantly boost low PERT ridership. There was
some feeling among PERT management that the PERT program was
too complicated to have been effectively initiated at one

1-39



EXHIBIT 1.17

ALTERNATIVE TRIP MODES IF NO PERT

(From On-Board Surveys)

GREECE

June 1975

IRONDEQUOIT

Mo Trip

Dri ve

Be Driven

August 1976 December 1976

13.5% 5.4%

Other



time. A multi-page promotional booklet was necessary to
include all of the appropriate user information. The prob-
lem of complexity was reinforced by major service and fare
revisions every three to four months.

Impl icat i ons

Fares are often set for reasons other than economic
efficiency. Nonetheless, fare levels influence patronage
considerably, and should therefore reflect a compromise
between desired patronage, satisfactory service levels, and
necessary revenue.

Strategies which price services at marginal costs seem
worthy of consideration. Assuming that more costly services
are of greater value to the user, this strategy may increase
operating revenue. Under certain assumptions, economic
theory postulates that such a pricing strategy will result
in more efficient allocation of resources.

Reduced-fare periods can be useful promotional devices
to attract riders to new services. If the services meet the
needs of new riders, they will continue to use the services
after fares are raised to pre-promotion levels. Complex
service arrangements and fares will discourage service use.

1.4.3 Operating Efficiency

Operating efficiency attained when the maximum transit
output is secured for the resources used. Both economic and
non-economic efficiency are discussed in this section.
Topics relative to the Rochester demonstration include vehi-
cle productivity and costs, route rationalization, vehicles,
and computerized dispatching. This section also compares
Rochester DAB productivity and costs with hypothetical
fixed-route systems and with other demand-responsive
s ys t ems .

1.4.3. 1 Vehicle Productivity and Costs.

Vehicle productivity is usually measured in terms of

passengers carried per vehicle-hour. Passenger-miles per
vehicle-hour are also used to account for differences in

trip length between services.

Two cost measures are useful for assessing transit
system performance. Cost per vehicle-hour is a measure of

the cost structure in a particular service area. Cost per
passenger combines productivity and the cost structure; it
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may also be used to compare cost per passenger with revenue
per passenger to identify the subsidy required per passen-
ger.

Greece Findings

18: Greece DAB vehicle productivity was much lower
than had been predicted during system planning. Ho
innovation undertaken during the time period covered by
this report significantly improved vehicle producti-
vity, with the exception of special services for the
handicapped and elderly (Sections 3.2.2, 4.3.1, 7.2 and
Exhibit 1.18).

19: Vehicle productivities in Greece were lower than
but not significantly different from those of similar
demand-responsive systems in other cities. Nonethe-
less, the DAB cost per passenger in Greece was higher
than in other cities because of higher operating costs
in Rochester (Appendix A. 20).

Over the 121-week period of analysis (Chapter 7), DAB
vehicle productivity averaged 4.9 passengers per vehicle-
hour, with an estimated 13.6 passenger-miles per vehicle-
hour. This was much lower than the ten passengers per vehi-
cle-hour estimated during the planning process. It was,
however, comparable to other dial-a-ride systems, two-thirds
of which carried between five and eight passengers per vehi-
cle-hour (Appendix A-20). DAB vehicle productivity was
nearly constant throughout the project, although the drop in
demand during 1976 lowered productivity until vehicle supply
was adjusted several months later.

Work subscription service vehicles carried an average
of 6.7 passengers per vehicle-hour and an estimated 22.8
passenger-miles per vehicle-hour, while school subscription
service carried 15.3 passengers per vehicle-hour and logged
an estimated 16.8 passenger-miles per vehicle-hour.

The highest vehicle productivity was achieved by the
special services, with an average of 21.2 passengers per
vehicle-hour. Due to the many changes in special services
over time, the estimate of trip lengths and passenger-miles
for those services is difficult. Some notion of trip length
can be gained from data on the three shoppers' specials,
which generated about 63 passenger-miles per vehicle-hour.
These vehicles were by far the most popular of the special
services

.

At 2.7 passengers per vehicle-hour, the special handi-
capped service had the lowest productivity of all pert services.
Nonetheless, trips by the handicapped were longer
(8.5 miles average) than those of the other services, so
that 22.5 passenger-miles were generated per vehicle-hour.
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VEHICLE-HOUR

EXHIBIT 1.18

AVERAGE VEHICLE PRODUCTIVITIES
5

BY SERVICE TYPE (GREECE)

(9/9/74 - 6/21/75)

Special
b

Handicapped
0

a
Oata from Exhibit 7.1.

b
Data from 6/23/75 to 3/27/76; not operated before this time.

c
Data from 44 U.S. General Market DAB Systems.

1-43

1



When the Dew-Ridge Shuttle was introduced in September
1976, DAB vehicle productivity dropped to less than four
passengers per vehicle-hour. The productivity of the Dew-
Ridge Shuttle, however, rose to nearly ten passengers per
vehicle-hour in early 1977, resulting in an overall improve-
ment in PERT productivity (Section 7.2.2). A revision of
the PERT handicapped service in late 1976 also substantially
boosted its vehicle productivity.

At $18.25, the average hourly cost of operating a PERT
vehicle was comparable to the cost of operating an RTS
fixed-route bus. Almost half of this cost was made up of
drivers' wages and benefits. PERT costs contrasted sharply
with the much lower taxi costs (see Finding 29).

The marginal cost of each additional DAB passenger was
about three-quarters of the average cost (a region of
increasing returns to scale). This marginal cost was suffi-
ciently high that very large increases in demand would have
been necessary to substantially lower the cost per passenger
(Section 7.3). Fares were less than the estimated marginal
cost for all PERT services. Only about one-fifth of the
total cost of the PERT services was recovered, although the
subscription and special services recovered more than one-
third of their costs. Although fares were related to the
service cost, the more expensive services had the lowest
operating ratios (revenues/costs).

The September 1976 and January 1977 service changes,
including the introduction of the Dew-Ridge Shuttle, were
expected to improve revenue recovery, but they were only
marginally successful. Although DAB fare increases boosted
that service’s revenues, Dew-Ridge fares were much lower
than DAB fares, causing overall revenue to increase only
slightly (Section 7.2.2).

The available evidence suggests that the policy of

route rationalization (in which DAB replaced fixed-route
services having low productivity) did not reduce net transit
expenditures. Furthermore, the consequent loss in transit
ridership resulted in higher costs per passenger for the DAB
service than had been incurred by the fixed-route services
that were replaced (Section 7.4).

Operating costs per vehicle-hour were about twice the
average of the other systems studied. All PERT cost compo-
nents were higher than the average of the other systems.
The proportional difference in driver salaries was appar-
ently less than for such items as capital depreciation,
maintenance, control room costs, and management, especially
during 1976 and 1977.
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Irondequoit Findings

20: PERT's shuttle and route deviation services
attained vehicle productivity levels comparable to the
fixed-route system they replaced (Section 10.2 and
Exhibit 1.19).

21: DAB vehicle productivities in Irondequoit were
significantly lower than DAB productivity in neighbor-
ing Greece and other DAB systems (Section 10.2 and
Append ix A . 20 ) .

Since PERT services were operated primarily during the
off-peak period when transit demand is low, PERT vehicle
productivity was expected to be lower than that of the regu-
lar fixed-route buses (Exhibit 1.19).

Those services which directly replaced RTS services
(Summerville Shuttle, Urban PERT, Routes 14 and 23) gener-
ally operated at vehicle productivity levels (passengers per
vehicle-hour) that were comparable to the RTS service they
replaced. However, DAB, the Loop Bus and the subscription
services operated at much lower productivity levels, and had
correspondingly higher unit costs.

In Irondequoit, vehicle productivity did not rise much
above three passengers per vehicle-hour, whereas 85% of 38
other DAB systems have productivities above four. This
difference was partly a result of the very low demand
density in Irondequoit. Nevertheless, after accounting for
I rond equoi t

' s low demand density, vehicle productivity was
still statistically well below that achieved in other
systems (Appendix A. 20).

PERT operating costs per vehicle-hour in 1976 and 1977
exceeded RTS costs by about 20% because of the larger
control room operation, a greater management effort, and
larger capital expenditures. This resulted in costs per
passenger of between $1.50 and $3.00 on the PERT subscrip-
tion and fixed-route services, costs over $5.00 per passen-
ger on the Loop Bus, and costs exceeding $7.00 per passenger
on DAB. Because of their high load factors, the special
group trip services for the transit-dependent had the lowest
unit cost.

Implications

Non-subscription demand-responsive services operate at

lower levels of vehicle productivity than operators expect
of fixed-route services. DAB service can be justified in

areas of low demand density where its productivity would be
higher than fixed-route systems offering comparable levels
of service. In an integrated transit system, where DAB

1-45



PASSENGERS

PER

VEHICLE-HOUR

EXHIBIT 1.19

AVERAGE VEHICLE PRODUCTIVITY BY SERVICE TYPE ( IRONDEQUOIT)

(9/13/76 - 12/31/76)

Data from 44 U.S. General Market DAB Systems.
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services act as feeders to fixed-route services, an
evaluation of DAB alone would be misleading, since DAB may
increase the productivities of the fixed-route services by
expanding coverage and hence ridership. As demonstrated in
Rochester, subscription and special group services have the
potential of attaining productivities comparable to those of
fixed-route services.

The cost of providing PERT services in Rochester
exceeded that experienced in other demand-responsive transit
systems. This was a result of several factors, including
Cl) a union-negotiated driver wage scale and benefits pack-
age which prohibited part-time drivers, (2) large capital
expenditures for new buses required to supplement an inade-
quate basic fleet, (3) the acquisition of sophisticated
communications equipment, and (4) an extensive management
effort prompted by the experimental nature of the demonstra-
tion. The absence of these factors in other demand-respon-
sive systems results in lower costs than those experienced
in Rochester. Other jurisdictions may find it advantageous
to invite competitive bidding for the services, as RGRTA has
done in its extended demonstration. Several paratransit
management companies have demonstrated their capabilities to
operate demand-responsive systems. Local taxicab operators
are also sometimes able to provide shared-ride services. In
addition, contracts can be negotiated to include producti-
vity incentives (see Finding 29).

1.4. 3. 2 Route Rationalization.

Route rationalization refers to the strategy of replac-
ing off-peak or other lightly-used fixed-route services with
DAB. The theory underlying this strategy is that such
substitution will reduce costs, increase coverage, or both.

Greece Finding

22: The route rationalization strategy in Greece
increased most travel times (Section 5.3.6), and
contributed to a loss of transit riders (Finding 6) and
a shift of trips to the peak period. The vehicle-hours
needed to provide the service increased, with a result-
ing increase in cost (Sections 6.3.5 and 7.4).

Although a comprehensive data base for a thorough anal-
ysis of route rationalization does not exist, the transfer
ridership data that are available suggest that about 67% of

the former off-peak riders did not shift to the DAB services
that were substituted for the off-peak fixed-route services.
It is not clear whether these former riders stopped travel-
ing, shifted their trips to peak periods when the fixed-
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route buses uere still operating, or made their trips by
different modes. What may be concluded is that the majority
of the previous users did not use DAB as a direct substitute
for fixed-route service. Although the available data do not
indicate why the riders did not shift to DAB, surveys
(Section 6.3.4) did indicate that the majority of those who
did shift to DAB uere dissatisfied with it. It is hypothe-
sized that many users uere discouraged by the inconvenience
of the transferring required to use DAB as one leg of a trip
to or from downtown Rochester.

The effect of route rationalization on transit costs in
Greece is unclear, because DAB service area and operating
hour extensions coincided with route rationalization. None-
theless, it appears that the additional DAB vehicle-hours
attributed to route rationalization slightly exceeded the
number of RTS vehicle-hours eliminated. Since DAB and RTS
operating costs per vehicle-hour were nearly equivalent, an
increase in vehicle-hours would indicate a corresponding
increase in total operating costs. The use of vehicle-hours
as a cost indicator may require some modification, because
some costs would be incurred whether a service is offered or
not. For example, the capital costs of RTS buses would not
be eliminated by reducing the number of routes or service
hours, because the buses are needed for peak period service.
Furthermore, union regulations may not permit potential
savings in drivers' hours or salaries to be realized.

The Dew-Ridge Shuttle service was established in
September 1976 to correct some of the adverse impacts of
route rationalization. The Dew-Ridge service attracted only
a few new transit users; most of its riders were diverted
from DAB. However, transit reliability was enhanced, espe-
cially for passengers transferring from RTS, and the Dew-
Ridge line’s vehicle productivity was significantly higher
than that of DAB .

Irondeguoit Finding

23: The replacement of two off-peak fixed-route serv-
ices with the route deviation Summerville Shuttle prod-
uced a 23% cost reduction and shifted about half the
fixed-route riders to other modes or to peak-period
service on the same fixed routes. Transit service
quality decreased for some users (Sections 8.3.6, 9.3,
and 10.4).

Route rationalization was used less extensively in
Irondequoit than in Greece. Two parallel off-peak routes in
Irondequoit (Routes 5 and 7) were replaced by a single route
deviation service (the Summerville Shuttle) during the off-
peak period. A large portion of the Route 5 corridor was no
longer served because of the substitution. Although the
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number of vehicle-hours in service were halved by this
substitution, actual costs were reduced by a lesser amount
because of the need to deadhead the larger RTS buses to and
f rom the garage

.

The Summerville Shuttle carried only about 45% of the
former off-peak demand on Routes 5 and 7. Most of the
remaining users switched to other transit modes or to peak-
period service on Routes 5 and 7. This diversion of rider-
ship to the peak period is undesirable, considering the
peaking problems faced by many large transit operators.

Implications

The PERT experience suggests that DAB services should
be used to supplement rather than replace established fixed
routes. T r ans i t - r i d i ng habits in most cities have been
based on a traditional route structure, especially in the
older Eastern cities where the transit network has existed
for over a century and only the travel modes have changed.
Land use patterns and residential choice decisions have been
based on the existence of these routes. From a transit
management perspective, it may not be advisable to discon-
tinue existing routes, because in many cases these routes
have served the core transit market for many years. Abrupt
service changes may provoke protests and divert riders.
Radically different service types introduced at different
times of day may also confuse riders. In addition, the use
of small buses to provide demand-responsive service during
off-peak hours requires that the larger buses used during
the peak period be deadheaded to and from the garage.
Unless satellite storage facilities are available, this will
further increase operating costs. If both fixed-route and
d emand- r es p ons i v e services coexist, however, habits may
change gradually so that in the long run d emand- res pons i ve
services may come to be preferred over fixed-route services.

Integrating DAB and fixed-route services in Rochester
was hindered by poor transfer coordination (see Finding 9).

This problem is not unique to d emand - r es pons i v e and fixed-
route integration. Except for the peak periods, when head-
ways are short, transfers between fixed-route buses are also
inconvenient. This inconvenience was intensified by the
cold climate of Rochester. Other jurisdictions with large
fixed-route systems should emphasize the development of an

effective transfer strategy if separate demand-responsive
services are introduced.

Route deviation can increase transit coverage by

fixed-route buses. In some cases, existing layover time may
be sufficient to allow time for deviations at no extra cost.
Three problems limit the use of route deviation. First, the
service may be difficult to provide with the large buses
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that are used on regular fixed routes. In addition to
maneuverability problems, there is some opposition to the
operation of large buses on residential streets. Second,
route deviation as a standard feature on fixed routes
requires all off-peak drivers to be familiar with the local
street system. The training effort required would be
substantial. Finally, unless there is slack time in the
schedule, deviations would reduce the performance of fixed
routes, since time must be allowed for deviations that typi-
cally contribute fewer riders than those boarding at fixed
stops

.

1.4. 3. 3 Vehicles.

Greece and Irondeguoit Findings

24: The relatively few vehicles of each type that
comprised the PERT fleet do not provide sufficient data
to confidently rate the differences among them. The
Twin Coaches were superior to other vehicles when they
were new; however, the Dodge vans and minibuses
performed consistently better than average, and the GMC
vehicles performed above average. In general, however,
problems with vehicle breakdowns persisted (Section
5.2.2).

25: During 1976, maintenance problems had a very nega-
tive impact on service quality and system effective-
ness, and caused a continual shortage of vehicles in
good working order (Sections 5.2.3 and 8.2.3).

Vehicles from eight different manufacturers were used
to test different types, so the best vehicle could be
selected for future expansions. Several of the vehicles
proved to to be of very low quality, and are no longer manu-
factured. Others were prototype vehicles that were expected
to have "bugs." Moreover, PERT management did not have
direct authority over maintenance; it was managed and
performed by RTS staff. The RTS maintenance staff had
difficulty maintaining PERT vehicles. The personnel were
accustomed only to maintaining the large General Motors
diesel buses. Moreover, the demonstration was implemented
while the new RTS garage was being built, further disrupting
maintenance procedures. In addition, severe winter weather
exacerbated the reliability problems (Section 3.3.4). These
problems were compounded by the diversity of vehicles.

Impl ications

The findings related to vehicles cannot be generalized;
the severe vehicle reliability problems in Rochester may not
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occur in other areas. It is clear, however, that because of
the sensitivity of service reliability to the vehicle
supply, considerable attention to vehicle maintenance is
warranted in all demand-responsive services. A transit
maintenance department accustomed to large diesel buses may
need extensive training to effectively maintain a fleet of
smaller gasoline-powered buses. Other jurisdictions contem-
plating demand-responsive services should be aware of poten-
tial maintenance and breakdown problems. They should select
a single vehicle which they are confident they can maintain,
and should actively train their maintenance organization for
the vehicle or vehicles selected. Spare ratios of 25% to
30% for small bus fleets may be more appropriate than the
15% to 20% generally kept for regular buses.

Organizations sometimes select buses for DAB service
which provide more than adequate capacity, because they then
have the flexibility to use them for other services. None-
theless, it may be judicious to use vans, as was done ulti-
mately in Rochester, on the assumption that private sector
maintenance experience can be used. Alternatively, vans may
be a 1 ow-c a p i t a 1 -c os t means of providing back-up for small
buses

.

1.4. 3. 4 Computerized Dispatching.

Greece and Irondeguoit Findings

26: The implementation of computerized dispatching
took several months, during which network coding errors
were discovered and the dispatching algorithm was
fine-tuned to reflect local requirements (Section
4.3.1).

27: Computerized dispatching was successfully imple-
mented and generated a high level of service under
conditions of low demand, but its effectiveness under
high demand conditions has not yet been established.
Its ability to increase vehicle productivity has also
not been determined (Sections 5.3.4 and 8.3.3).

Computerized dispatching of DAB vehicles required
several months to implement in Greece, but only a few weeks
were required in Irondequoit, where the experience gained in

Greece was applied. During the Greece implementation,
street network coding errors, system response time delays,
and hardware failures contributed to poor service. Compu-
terized dispatching also coincided with the vehicle break-
down problems, further complicating the situation. A full

evaluation of the impacts of computerized dispatching was
consequently hampered by vehicle unreliability and the dras-
tic reduction of DAB demand caused by service cutbacks.
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In February 1977, the implementation of computerized
dispatching in Irondequoit demonstrated the system’s ability
to control two service areas. In 1975 in Greece and in the
fall of 1976 in Irondequoit, service quality under computer-
ized dispatching generally improved compared to service
quality under manual dispatching. Nonetheless, the impacts
of computerized dispatching were difficult to measure. By
1977, vehicle reliability had improved substantially, but
Greece DAB was operating in a smaller service area and
carrying less than one-third of the riders carried in 1975
under manual dispatching. Both DAB services were operating
at lower vehicle productivity levels than when manual meas-
urements were made. In Irondequoit, the available data
suggest that the improvement in vehicle reliability and the
decrease in vehicle productivity accounted for around 40% of
the noted service quality improvements (Sections 5.3.2,
5.3.4, 8.3.1 and 8.3.2). The remaining improvement was not
necessarily due to computerization.

DAB demand in both Greece and Irondequoit was too low
to test the performance of computerized dispatching systems
in large-scale, high-demand situations. The Greece DAB
system averaged 20 service requests per hour, a number that
a single manual dispatcher could easily handle; Ironde-
quoit demand was even lower. Thus, computer-dispatched DAB
service did not have sufficiently high demand densities to
demonstrate its potential advantage over manual dispatching.

Implications

Dispatching fewer than eight vehicles can be effec-
tively performed by a single highly-skilled dispatcher. The
high initial cost and inevitable phase-in problems of compu-
terization outweigh its potential benefits to such systems.
The inevitable phase-in problems overshadow the potential
benefits of computerization to such systems. On the other
hand, the success of larger DAB systems often depends on
effective computerization, unless isolated service areas can
be created with each handled by a single dispatcher.
Greater coordination and cost savings are possible with a

computerized system in such high-demand systems, although
the concept could not be tested in Rochester. System relia-
bility problems and substantial costs suggest that a dedi-
cated in-house computer is usually preferable to a time-
sharing operation.

Computerized dispatching also supports a more sophisti-
cated management information system than a manually-operated
system is able to provide. Demand and supply data are tabu-
lated automatically, thus simplifying the recordkeeping
process. In addition, data that are expensive to collect
manually, such as service quality measurements and
origin/destination information, are continuously available
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under a computerized dispatching system. Another benefit of
computerized dispatching in Rochester was the bank of easi-
1 y-ac c es s i b 1 e tour information generated by the computer;
quick access to such information enabled the order
processors to more effectively interact with customers.
Although these advantages would be realized in a system of
any size, they become more significant in larger systems.

1.4. 3. 5 DAB Compared to Fixed-Route Service and Other
Demand-Responsive Strategies.

Greece Finding

28: For the 1975 steady-state demand experienced in
Greece, a system of fixed routes providing full cover-
age to the Greece service area and generating travel
times approximately equal to those of DAB would have
been slightly more costly per passenger than DAB. If

demand were about 10% higher, the fixed-route system
would have cost the same per passenger as DAB. The
services are not equivalent, of course, since DAB
offers the convenience of docr-to-door service while
fixed-route buses allow users to plan their trips
according to a fixed schedule (Section 7.6).

An analysis of hypothetical fixed-route services in
Greece suggests that either five routes with average head-
ways of 30 minutes or eight routes with headways of 40
minutes would have provided a level of service comparable to
DAB for non-transfer trips to activity centers located along
one edge of the service area (Ridge Road). The eight-route
alternative would have insured that all service area resi-
dents live within one-quarter mile of a fixed route,
although this depends on the actual street layout of the
routes. For the same number of riders carried by DAB during
1975, the average fixed-route cost per passenger would have
been about 10% higher than the DAB cost per passenger.

The hypothetical system analysis was based on the
assumption that fixed-route ridership would be equal to thatof
DAB ridership. About 20% of the DAB demand in Greece was
for many-to-many service; the remainder was for many-to-few
or many-to-one services. The 80% non-many-to-many demand,
and perhaps some of the many-to-many demand, could be served
efficiently and effectively by a fixed-route system
(assuming that each fixed route would serve the major Greece
activity centers and could also be well coordinated with
other fixed routes providing service to downtown Rochester).
Fixed-route service alone could not offer the personalized
door-to-door service desired by the remaining users. None-
theless, a fixed-route service could attract riders who were
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not attracted to a DAB service. This premise is supported
by the fact that a sizeable group of fixed-route riders did
not switch to DAB when Route 10 and 14 service was cut back
( rationalized) . Many of these users were probably discour-
aged by the inconvenience of transferring when traveling
downtown by DAB.

It is thus possible that an extensive system of fixed-
route buses in the Greece service area would have attracted
more riders than the DAB service carried. The fixed-route
system could carry additional passengers at very little
additional cost. The fixed-route alternative becomes more
cost-effective than DAB when demand is more than 10% higher
than demand for DAB service.

A similar analysis of the Irondequoit service area was
not conducted because of the existing fixed-route system,
and also because DAB demand in Irondequoit consisted mainly
of trips that would not be taken on the fixed-route system.
The question of whether DAB or fixed routes should be used
to provide transit coverage was an appropriate question to
study within the context of the Greece service area; the
question was irrelevant in Irondequoit.

Implications

Systems combining man y- t o-man y service with many-to-few
and many-to-one services may be able to achieve higher prod-
uctivities than those restricted to many-to-many service
alone. Jurisdictions faced with the selection of the most
appropriate transit system should consider a wide range of
service types. Such services include radial as well as
circumferential fixed routes, shuttles, route deviation,
point deviation, and subscription, as well as many-to-many,
many-to-few and many-to-one demand-responsive services.
Greater overall efficiency and higher-quality service may be
achieved by the physical separation of the service compo-
nents. For example, mixing many-to-many passengers with
many-to-few passengers could lower service levels for the
many-to-few passengers even further than if the many-to-many
passengers were transported in separate vehicles.

One of the many-to-many service objectives identified
in transit literature is the collection of information on
demand patterns for use in refining integrated service
design. The DAB service performed this function in Greece,
supplying information which allowed system redesign in

September 1976, from many-to-many service to a combination
of services. One disadvantage of this method of demand
determination is that demand is a function of service qual-
ity, and a many-to-many service may generate more or less
ridership than would be generated by alternative systems.
Nevertheless, the strategy is worthy of consideration by
other jurisdictions.
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A fixed-route equivalent can always be structured as an
alternative to any proposed DAB service. Therefore, trans-
port planners must choose between the convenience of DAB’s
door-to-door service and the relative predictability of
fixed-route service. Different market segments will prefer
one service over another, and the system designer must
tailor the services to meet these preferences (see User
Attitudes Toward Transit, Finding 10).

1.4. 3. 6 Comparison of Taxi Service and PERT Service.

Greece and Irondeguoit Finding

29: Because of the low productivities and high operat-
ing costs of the PERT services, demand-responsive serv-
ice costs were higher than exclusive taxi service
provided at prevailing rates (Sections 7.2, 10.2 and
Exhibit 1.20).

Because taxi service was available to all potential
PERT users, it provides a useful alternative for a compara-
tive analysis with PERT costs. Since taxis are operated
with a profit motive by the private sector, it is assumed
that taxi fares reflect the full cost of providing service
and that they can be compared to the full cost of providing
PERT services (excluding the consideration of tips).

In calculating the cost of taxi service, the size of

the average group that used PERT was employed, as indicated
in Exhibit 1.20. The comparative cost figures suggest that,
in every case except Urban PERT, taxi service would be less
expensive for the operator than PERT service. These
results, however, must be interpreted in light of the fact
that the quality of ride provided by an automobile (taxi) is

different from that provided by a bus, and will therefore
impact the potential demand as well as the type of user
attracted to a taxi-based service.

Since taxi fares typically depend only on distance
traveled, a charge for transporting more than one passenger
can presumably be divided among the members of the group,
thus providing an incentive to form groups for travel. As

there was no group fare discount on PERT services, except
for DAB, there was no motivation to form traveling groups.
Therefore, larger groups and lower user costs could be

expected if PERT users were to switch to taxis.

Implications

An alternative to creating a new transit operation or

to assigning d emand- res pons i ve services to an existing
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EXHIBIT 1.20

COST PER PASSENGER FOR GREECE AND IRONDEQUOIT PERT AND TAXI

(By Service Type)

Greece costs are from the second cost period (9/74 - 6/75), except for the handicappod service which is from period 3

(see Exhibit 7.5). The actual group sizes used to calculate taxi costs are:

Special Services: 5, the taxi capacity; actual group size was 18.

School Subscription: 1.6

Work Subscription: 1.03

DAB: 1.3

Special Handicapped: 2.7

Taxi costs based on 60f for the first 1/6 mile; lOf per additional 1/6 mile.

Irondequoit costs are from the third cost period (9/13/76 - 12/31/76), and group sizes used are:

DAB: 1.5

Urban PERT: 1.2

Work Subscription: 1.0

Taxi costs based on 7Sf for the first 1/7 mile; lOf per additional 1/7 mile.

Work subscription costs per passenger exclude Park-and-Ride passengers carried on return trip from Xerox.



transit operator would be to contract with taxi or other
operators for the provision of public transit or paratransit
service. The difference between the desired user fare and
the taxi operator's required fare could be met by a subsidy
from public funds. This arrangement is the basis for the
new demonstration in the Rochester suburbs of Henrietta and
Brighton, and is also being tried in other jurisdictions.
Possible abuses of the subsidy arrangement by taxi operators
can be controlled through the use of centralized dispatch-
ing.

1.4.4 Service for the T r ans i
t -Pep end en

t

G r eec e Finding

30: The t r ans i t-d ep end en t population in Greece was
well served by PERT, as measured by the number of
riders and their satisfaction with the service
(Sections 6.6, 6.7 and Exhibit 1.21).

The PERT special services and the special handicapped
service were provided primarily for the elderly and handi-
capped populations of Greece. Because of its door-to-door
characteristic, DAB is believed to have been highly valued
by these residents. In the June 1976 on-board survey, the
elderly (age 65 and over) rated DAB more highly than did other
groups in terms of comfort, safety, predictability, and cost
but about the same as the others in terms of convenience and
speed (Exhibit 1.21). Fewer than 20 elderly persons
completed the attitudinal section of the survey form,
however, resulting in statistically insignificant findings.
Nevertheless, in an extensive fixed-route survey in Ironde-
quoit, bus service was rated consistently higher by the
elderly than by other groups (Appendix A. 10 and A. 11). The
elderly tended to use DAB slightly more often than did
younger persons, but they comprised approximately the same
proportion of both DAB ridership and regular fixed-route
ridership services during the off-peak period.

Special handicapped service began in June 1975 and
transported about 16 passengers per week. Although the fact
is not well publicized, the service was available for
elderly as well as handicapped persons. Only a few people
accounted for most of the ridership. During two months in

1976, for example, three persons made 80% of all the special
handicapped service passenger trips. Only one of these
required a vehicle with a wheelchair lift.

Special handicapped service was costly because one
vehicle was usually devoted to each round-trip. In addi-
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CHARACTERISTICS

EXHIBIT 1.21

COMPARISON OF GREECE DIAL-A-BUS CHARACTERISTICS

WITH MOST COMMONLY USED MODE
3

SURVEY GROUP

,
(includes persons not

ELDERLY
0

ALL OTHERS indicating their ages)

Sample Size 14-19 231-268

Comfort 1.89 2.11 2.10

Safety 1.86 2.23 2.22

Conveni ence 2.47 2.51 2.52

Speed 2.89 2.95 2.95

Cost 2.47 3.08 3.05

Predi ctabi 1 i ty 2.94 3.23 3.22

Notes

:

1 = much better; 5 = much worse

a
Results of the June 1976 On-Board Survey.

^The number of riders rating the different attributes varied

between 14 and 19, a sample too small to provide statisti-

cally significant results.
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tion, deadheading to or from the service area was usually
necessary. Consequently, vehicle productivity was only
about 2.7 passengers per vehicle-hour and 1.0 trips per
vehicle-hour, resulting in a cost per trip of around $19.00.
Only about one-eighth of those costs were recovered from
revenue. This trip cost exceeded that of a wheelchair taxi,
which offered the additional convenience of helping a patron
in and out of the building.

In order to improve its coverage and productivity, the
PERT handicapped service was revamped in October 1976. At
this time, the service became scheduled, the fare was
reduced to 50 cents, and the northern portion of the City of
Rochester was included in the handicapped service area.
Following the delivery of new wheelchair vehicles in January
1977, the PERT director of special markets conducted an
extensive marketing effort targeted at organizations serving
the handicapped. Ridership rose rapidly and by April
exceeded 150 passengers per week, of whom about 25% were
wheelchair passengers. Vehicle productivity also increased
to about 2.4 trips per vehicle-hour, a 140% increase.
Nonetheless, the net cost per passenger remained the highest
of all the PERT services.

Several special group trips were offered in Greece, but
the tri-weekly or bi-weekly Shoppers' Specials which served
the elderly housing developments on upper Lake Avenue
accounted for the overwhelming majority of all special trip
passengers. About 175 one-way passengers per week used
these trips, compared with a total of approximately 560
residents, age 62 or over, in the two housing developments.
The fare was either free or 25 cents, making the service
financially attractive to its users. Because of the rela-
tively high vehicle productivity (averaging 21 passengers
per vehicle-hour) and the partial financing of the services
by local merchants, the Shoppers' Specials recovered a

higher portion of their costs than any other PERT service.
Thus, the Shoppers' Specials appear to have been greatly
appreciated by their users and were also the most productive
components of the PERT system.

Irondequoit Finding

31: Irondequoit elderly and handicapped residents were
well served by PERT (Sections 9.1 and 9.2).

The PERT many-to-f ew service for the handicapped,
described above, was jointly introduced in Greece and Iron-
dequoit nearly one year before the other PERT services were
implemented in Irondequoit. In September 1976, group trip
services for the elderly and handicapped were also intro-
duced in Irondequoit. These included a weekly special from
an elderly housing site to a nursing home where daycare was
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provided, a biweekly special to a shopping mall, and several
smaller operations. These services took considerable
marketing effort to organize, but once started they operated
rather efficiently because of their high load factors.
Although these services were minor relative to the daily
PERT service operations, they served the population group
with the greatest mobility needs.

T r ans i
t -d ep end en t groups comprised a greater proportion

of the Irondequoit DAB and Loop bus ridership than they did
for other transit services in the area, suggesting that
these groups have a greater need for locally-oriented
transit and doorstop service than other transit users do
(Section 9.2).

Impl icat i ons

Demand- res pons i ve services, especially those offering
door-to-door service, can provide significant mobility
improvements to such t r ans i t-d ep end en t groups as the elderly
and handicapped. Wherever possible, trips should be aggre-
gated so that group trip services can more efficiently serve
the demand. The market for such group trips is limited,
however, and other services may be required to fully serve
the transit-dependent market (see Findings 28 and 29). The
issue of whether these services are offered by existing
transit organizations, contracted operators, or subsidized
taxis should be considered by each locality planning serv-
ices for the transit-dependent.

1.4.5 Institutional Arrangements

Greece and Irondequoit Findings

32. Demonstration authority and responsibility were so
highly fragmented that it may have negatively impacted
service.

During the early 1970’s when the PERT system was being
planned, RGRTA staff and RTS upper management disagreed over
the objectives of transit development. RGRTA staff members
viewed PERT as a cost-effective means of expanding transit
coverage into p r ev i ous 1 y-uns erv ed suburban areas and as a

substitute for inefficient fixed-route services. RTS upper
management viewed PERT as an expensive expansion method that
would significantly worsen rather than improve RTS's finan-
cial situation and that would divert needed resources from
fixed-route services. Thus, RTS — which embodied the
transit management experience in Rochester -- would not take
full responsibility for PERT management, and the demonstra-
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tion contract called for management of the PERT services by
MIT. (See footnote. Section 4.3.1.)

Organizational problems developed for a number of
reasons. MIT was responsible for services provided by RTS,
yet it had no authority over RTS. The on-site management
personnel did not have full decisionmaking authority, since
many could only be made by MIT personnel in Cambridge, who
had the proper overview of both the evaluation and service
objectives. As a result, management directives were devel-
oped without sufficient interaction between MIT and the PERT
employees responsible for their implementation. In addi-
tion, the ultimate authority for decisions rested with the
RGRTA project committee. Although the committee usually
accepted management’s recommendations, the need for commit-
tee deliberation on small matters was cumbersome. These
factors were compounded by the resignation of the RGRTA
Executive Director, who had fostered the PERT concept and
taken a strong leadership role since the beginning of the
service. Satisfactory coordination between the various
parties was not achieved until the demonstration's second
year.

Impl icat i ons

Transit innovations such as demand-responsive services
must have the full support of the organizations responsible
for their implementation. In particular, established
transit operators may be unwilling to take responsibility
for d emand - r es p ons i v e services. They may also view propos-
als for such services with suspicion, perceiving the diver-
sion of resources needed for the establishment of a quality
fixed-route system. If outside groups are required to
assist in operations, they should have on-site decision
capability and the authority to execute their responsibil-
ity.

33: The quest for service improvements resulted in
frequent service and fare revisions which hindered use,
user acceptance, and data collection (Section 4.3).

By early 1977, virtually everyone involved with PERT --

from control room workers to the RGRTA commissioners -- felt
that too many service and fare changes had been implemented
during the project’s life. PERT employees and customers
were often confused about the services offered, fares,
sign-up rules, and similar matters. Many of the changes
were made during periods of chronic vehicle shortages, which
hindered their smooth implementation and acceptance by
users. Many potential users were undoubtedly discouraged
from using the service because it was altered so often.
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The changes in service arrangements also made evalua-
tion difficult. In some cases, caus e-and-ef f ec t relation-
ships could not be ascertained because several changes were
made at one time. In other instances, the period between
one change and the next change did not allow time for
adequate data collection. These conflicts between the
search for viable services and evaluation of what has been
tried are present in most demonstrations, but they were more
pronounced in Rochester due to the number of innovations in
the overall demonstration.

Implications

Constant service and fare changes impede the formation
of a "transit habit" among users. Incremental implementa-
tion of new services is preferable to the wholesale revision
of the existing services. Simple fare systems appear to
generate greater user acceptance than do more complex ones.

34: The Rochester demonstration suggests that a large,
unionized, traditional transit operator may have diffi-
culty offering effective demand-responsive services.

The high cost of demand-responsive operations in Greece
relative to operations in other cities (see Appendix A. 20)
was partly due to the high union wage scale for RTS drivers.
PERT costs were markedly higher than those of the transit
systems of other communities for which data are available.
The high relative cost per passenger of PERT services was
the focus of a series of RGRTA deliberations regarding the
future of PERT as the demonstration neared its end. Outside
contracting of PERT services was evaluated and implemented
in two new suburban service areas.

PERT managers differed in their assessment of the
extent to which effective transit operations were hindered
by the regulations and practices in the local union
contract. The problems experienced by PERT may have been
caused by the lack of individual employee motivation rather
than by the structural arrangement fostered by the union.

The causes of the maintenance problems with the small
vehicles are not entirely clear, but both the maintenance
crew's inexperience with small buses and RTS management's
feeling that fixed-route reliability had a higher priority
than DAB reliability were probably contributing factors (see
Finding 24 )

.

Implications

If it is true that operators may face at least passive
resistance to d emand - r es pons i v e systems among their staff,
they should consider organizational separation of the
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demand-responsive services. One method of separation that
may also offer cost savings is to contract for the services
through existing taxi operators or firms specializing in
contract transit. Nonetheless, separation may impede the
coordination of services, thus defeating the objective of
integration. Therefore, the institutional and organiza-
tional arrangements for offering demand-responsive transit
service warrant considerable analysis and the participation
of all concerned parties.

1.4.6 Environmental Impacts

Greece and Irondeguoit Finding

35: PERT operations had no significant impact on
energy consumption or air quality as measured by vehi-
cle-miles traveled (Sections 7.5 and 10.5 and Exhibit
1.17).

Since new trips generated by DAB were partially offset
by the number of trips diverted from automobile travel
(Finding 15, Exhibit 1.17), DAB introduced a slight increase
in vehicle-miles traveled. Work subscription service elimi-
nated a small number of vehicle-miles traveled. In both
cases, the changes in vehicle-miles were a small fraction of

total vehicle-miles traveled in Rochester.

Implications

Jurisdictions considering new DAB services should not
anticipate a decrease in vehicle-miles traveled, since any
diversion from automobile use will be matched by new trips
by the transit-dependent. Subscription services may reduce
vehicle-miles traveled, since they replace either driven or
chauffeurred automobile trips. Changes in vehicle travel
from both subscription and DAB are likely to be small rela-
tive to the total number of trips made. It is unlikely that
demand-responsive services can substantially decrease the
total vehicle-miles traveled in an urban area, unless there
are new constraints on automobile use. Even so, the serv-
ices can offer improved mobility to people permanently or
temporarily without access to automobiles in sparsely popu-
lated areas where frequent fixed-route transit service is

uneconomical

.
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1 . 5 SUMMARY OF IMPLICATIONS FOR OTHER AREAS

The primary objective of UMTA’s Service and Methods
Demonstration Program is to gather information on transit
experiments at specific sites, document these experiences,
and thereby aid all transit decisionmakers in their search
for more effective transit services through improved methods
and service innovations. The Rochester experience generated
a number of findings, which are discussed in the sections
entitled "Implications." This section summarizes these
implications, which will affect the decisions of transit
planners and operators in other areas of the United States.

1.5.1 Coverag e

Because they are flexible, door-to-door demand-respon-
sive systems offer the potential for providing service to
every resident of a service area. Rather than allowing this
politically attractive feature to dominate system selection,
however, it may be desirable to install paratransit services
that combine demand-responsive and fixed-route features to
provide a more cost-effective and affordable service which
can be sustained through the "ups and downs" of fiscal
cycles. Other jurisdictions faced with the selection of the
most appropriate transit system should consider a wide range
of service types. Such services include radial as well as
circumferential fixed routes, shuttles, route deviation,
point deviation, and subscription, as well as man y- t o-man y

,

many-to-few and many-to-one demand-responsive services.

The travel patterns which develop in many-to-many serv-
ices may provide the basis for the design of more productive
integrated services.

D emand - r es pons i ve services, especially those offering
door-to-door service, can provide significant mobility
improvements to transit-dependent groups such as the elderly
and handicapped. Wherever possible, trips should be aggre-
gated so that special group trip services can more effi-
ciently serve the demand. The market for such trips is

limited, however, and other services may be required to
fully serve the transit-dependent market.

1.5.2 Reliability

The reliability of small buses may be an endemic prob-
lem threatening the reliability of DAB services utilizing
these vehicles. D emand- r es pons i v e services are more sensi-
tive to vehicle reliability than fixed-route services.
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Therefore, other jurisdictions contemplating
demand-responsive services should be aware of potential
maintenance and breakdown problems common to small buses.
They should select a single vehicle that they are confident
they can maintain, and then actively train their maintenance
organization for that vehicle. Small bus fleets usually
require more spare vehicles than do conventional larger
fleets.

Organizations sometimes select DAB vehicles with more
than adequate capacity, because they can also be used for
other services. It may be judicious in these cases to
consider vans, so the private sector maintenance experience
with these vehicles can be utilized. Alternatively, vans
are a low-capital-cost means of backing-up small buses.
Because they are flexibly dispatched, demand-responsive
systems have uncertain arrival and drop-off times; users of
these services will find it harder to schedule their trips
than fixed-route system users do. A trade-off clearly
exists between DAB's doorstop convenience and areawide
coverage and the schedule reliability of a fixed-route bus.

Additional surveys suggest that the unreliability (lack
of predictability) of transit is a much greater problem than
any factor, including travel time or cost. This suggests
that demand-responsive services will not dramatically
improve service for reliability-conscious users, unless the
service can be made for more reliable. If they cannot be
made more reliable, service should be oriented to popu-
lation groups or trip patterns currently unserved by
transit, such as the transit-handicapped who are unable to
use conventional transit.

1.5.3 Travel Times

As a general rule, operators initiating demand-respon-
sive services in uncongested suburban areas should not
expect those services to generate average travel times
significantly less than those experienced by fixed-route
alternatives, even when fixed-route headways are as long as
one hour. Travel times may be reduced when transfers are
required on the fixed-route systems. Moreover, demand-re-
sponsive travel times will usually be two to three times
those required by automobile travel for the same trip.

Transfers are an annoyance to users; this annoyance is

not commensurate with the actual time it takes to make the
transfer. Therefore, system designers should focus on
providing fast, convenient and comfortable transfers when
they are required, as they are when fixed-route and demand-
responsive systems are integrated.
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1.5.4 Fares

Fares in Rochester were higher than those charged by
most dial-a-ride systems and, although the difference was
not statistically significant, the per-capita demand levels
were somewhat lower. While demand is no doubt sensitive to
fares, DAB can be considered a premium service among users,
and higher fares than are usually charged for fixed-route
buses are warranted and can be used to tailor demand to
suppl y

.

Promotion of services by fare reductions can be effec-
tive if done in the early phases of system operation.
Complex fare arrangements are disliked by users, and may
impede system use.

1.5.5 Demand

Demand-responsive services cannot be expected to
capture a large part of the travel market in a large urban
area, and it seems doubtful that such services could signif-
icantly boost the transit mode share of a large urban area
having a fixed-route bus system. Instead, their role should
be to meet special needs not satisfied by the regular
fixed-route transit network, such as short trips, trips not
served by the fixed-route network, and trips for those
unable to access fixed routes. On the other hand, in small,
self-contained towns without a fixed-route system, a DAB
system is more likely to serve a significant share of the
transit market.

Substituting DAB service for fixed-route services
having low ridership has been identified as a possible role
for DAB. This tactic may not be accepted by users in cases
where fixed routes have existed for many years and land use
patterns depending on the fixed routes have developed. This
is especially true if a transfer from the new DAB service to
other fixed routes is required for many of the trips previ-
ously made on fixed routes without a transfer.

1.5.6 Costs

The cost per passenger of DAB systems operating under
prevailing union-contract work rules and wage rates may be
higher than the cost of the same trip by exclusive-ride
taxis. This suggests that contracting for the provision of

DAB services with private operators has some cost advan-
tages. This alternative is suggested by examining the expe-
riences of many DAB and shared-ride taxi systems throughout
the count ry

.
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On the other hand, subscription and special group
services have the potential to attain productivities and
unit costs comparable to those of fixed-route services. It
is sometimes possible to find outside parties willing to
subsidize special group services, such as trips by the
elderly to shopping centers.

1.5.7 Computerized Dispatching

Computerized dispatching methods have proven to be
viable and reliable. Dispatching DAB systems of fewer than
eight or ten vehicles, however, can be effectively performed
by a single skilled dispatcher. The success of larger DAB
systems may depend upon effective computerization. Greater
coordination, cost savings, and better service can be made
possible by a computerized system, although more experience
with these systems is required before such benefits can be
assured. System reliability problems and costs suggest that
a dedicated in-house computer is probably preferable to a

time-sharing operation.

Computerized dispatching also provides a more sophisti-
cated management information system than a manually-operated
system. Computerization provides better tour information
for the order processors, enabling them to interact with
customers more effectively.

1.5.8 Institutional Factors

Established transit operators may be reluctant to take
responsibility for demand-responsive services. They may
view such services as a diversion of the resources needed to
establish a high-quality fixed-route system. Yet, to be
successful, demand-responsive services must have the full
support of the organizations responsible for their implemen-
tation.

If operators will face at least passive resistance to
d emand- res pons i ve systems among their staff, organizational
separation of the services should be considered. One method
of separation that may also offer savings is to contract for
the services through existing taxi operators or firms
specializing in contract transit. On the other hand, sepa-
ration may impede service coordination, thus defeating the
objective of integration. Therefore, the institutional and
organizational arrangements for offering DAB services
warrant considerable analysis, with the participation of all
related part i es

.
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1.5.9 Environmental Impacts

Paratransit services can be expected to have little
impact on environmental quality. Any diversion from automo-
bile travel will be offset by the greater number of trips
generated by the availability of the new service, especially
new trips made by the transit-dependent. Vehicle-miles
traveled are just as likely to increase as decrease, but in
either case, the change will be small compared to the magni-
tude of total travel.

1.5.10 Implementation Factors

The carefully planned, incremental implementation of
new services is preferable to wholesale service revision.
Incremental expansion allows the provider to make adjust-
ments to previous plans in response to unanticipated demand
and other implementation experiences. Constant ad hoc serv-
ice and fare changes, however, impede the formation of
transit habits among users.

700 Copies
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