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Foreword

Most of the papers in this Record were presented at the January 1991 Annual Meeting of
the Transportation Research Board. They provide a good cross section, but certainly not a
complete picture, of current research in public transportation. The Record is divided into
three parts: Rail Planning and Operations (Part I), Bus Planning and Operations (Part II),
and New Technology (Part III).

The six papers in Part I report on studies conducted on management, planning, and op-
eration issues in rail transit. Turnbull documents the results of a four-city survey. Its purpose
was to obtain information about and perceptions of what a rail system has done for the quality
of life and mobility of a metropolitan area. Each of the selected cities has had a new rail
system placed into service in the last few years. Bruun and Salpeas discuss the development
and application of a PC-driven program that accurately simulates train operations, plots
bidirectional string charts, and allows the sensitivity testing of various operating parameters.

Questions of the effect of the size of the order on purchase prices of railcars are examined
by Klein. The analysis indicates that most economies are realized when the order is between
60 and 90 cars. The following two papers discuss topics related to commuter rail operations.
Hooson describes the feeder bus program serving the San Francisco Peninsula CalTrain
commuter stations, and Gorys et al. describe the 1989 survey of the Government of Ontario
commuter rail system (GO Rail). This successful transit system had a 40 percent increase in
patronage in a 3-year period. Rotter and McKnight, in the last paper in Part I, provide an
overview and evaluation of training programs in rail transit.

The first two papers in Part I, by Welch et al. and Chang and Schonfeld, report on studies
that evaluate the effects of bus service that deviates from the traditional fixed-route operation.
Levinson et al. describe a study undertaken to determine the limit of acceptable express bus
service in Manhattan. Whereas certain areas of the central business district had little space
for additional express buses, the analysis indicated that limits on the number of express buses
do not appear practical at present, because bus volumes entering Manhattan have been
declining.

Strathman and Hopper discuss automatic passenger counter issues relating to data vali-
dation, sampling methodology, and system-level ridership determination from sample data.
The study was conducted at the Tri-County Metropolitan District of Oregon. Adelman and
Danker describe how Virginia evaluates applicants for grants under the Urban Mass Trans-
portation Act Section 16(b)(2) program. The described procedures should be useful to ad-
ministering agencies of other states. Maze et al. discuss drug-testing requirements for safety-
sensitive workers. The new requirements place a severe administrative burden on small urban
and rural transit agencies. Maggio et al. provide an overview of the physical and handling
properties, health hazards, and supply issues related to the most widely used alternative fuels.
The last two papers in Part II report on studies related to intermodal transfer facilities.
Rutherford et al. deal with park-and-ride lots, and McConnell and Gray discuss the Transbay
Transit Terminal in San Francisco.

The four papers in Part III cover people mover systems at high-activity centers. The papers
by Sproule, Smith, and Leder discuss applications of automated systems currently in use at
airport terminals and projects under development. Dutta et al. review the maintenance
experience of the Detroit Downtown People Mover, which has been in operation since 1987.
They discuss the 1989 data and determine the relationship among various entities of the
maintenance system.

vii
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Image of Rail Transit

KATHERINE F. TURNBULL

Many aspects of rail transit systems are often classified as intan-
gible—that is, they are perceived as beneficial but are difficult
or impossible to quantify. Included in this category are the image
that the rail system projects; the system’s effect on the city’s
image, marketing and promotional activities, and land use and
development; and the perception of what the rail system has done
for the quality of life and mobility of an area. To obtain a better
understanding of the impacts that rail transit systems have had
on these aspects, the Texas Transportation Institute, under con-
tract to the Metropolitan Transit Authority of Harris County
(Houston Metro), conducted interviews with representatives of
agencies and organizations in four cities that recently imple-
mented rail transit systems: Atlanta, Miami, Portland, and San
Diego. Similar interviews were conducted in Houston, allowing
a comparison of responses in Houston with those from the other
cities. The results, which provide a qualitative, rather than quan-
titative, assessment of some of the less tangible aspects of rail
transit systems, should benefit metropolitan areas where rail transit
systems are being considered and practitioners attempting to bet-
ter understand the rail transit decision-making process.

Many aspects of rail transit systems have positive effects on
the communities in which the systems are located but are
difficult or impossible to quantify. Intangible aspects include
such things as the system’s effect on the city’s image, mar-
keting and promotional activities, and land use and devel-
opment, and the perception of what the system has done for
the quality of life and mobility of an area. Many of these
elements have been identified as important aspects of rail
systems and have been cited as considerations in the decision-
making process used in some cities (Z,2).

The research presented here was conducted by the Texas
Transportation Institute (TTI), a part of the Texas A&M
University System, under contract to the Metropolitan Transit
Authority of Harris County (Metro). Metro requested that
TTI examine the less tangible effects of rail transit systems.
The results provide information on the impact of these attri-
butes and enhance the understanding of the role these aspects
may play in the rail transit decision-making process. The re-
sults should benefit metropolitan areas in which rail transit
systems are being considered. The analysis provides a qual-
itative, rather than quantitative, assessment of many of the
less tangible aspects of rail transit systems. However, given
the importance of these attributes, the analysis provides val-
uable insight into the less tangible aspects of rail transit. Ad-
ditional research is suggested to more fully comprehend these
impacts.

Texas Transportation Institute, Texas A&M University System, Col-
lege Station, Tex. 77843.

METHODOLOGY

The process used in this assessment focused on conducting
structured interviews with individuals from similar agencies
and organizations in four cities that have recently imple-
mented rail transit systems: Atlanta, Miami, Portland, and
San Diego. In addition, interviews were conducted in Houston
to allow a comparison of the responses in a city considering
a rail system. In each city, interviews were held with repre-
sentatives from some combination of the following organi-
zations and agencies: transit authority, metropolitan planning
organization (MPO), state department of transportation,
downtown development group, chamber of commerce, visi-
tors and convention bureau, private developer or develop-
ment organization, and the city. Table 1 presents a summary
of the agencies and organizations included in the interview
process in each city.

In every case, representatives from the transit authority,
MPO, and state department of transportation were inter-
viewed. Representatives from other appropriate groups were
interviewed depending on the organizational structure in the
area. A total of 24 interviews were conducted in the four rail
cities, with 5 to 8 interviews in each city. Seventeen interviews
were conducted in Houston.

Additional research activities were completed to support
the interviews. Promotional and marketing materials obtained
from many organizations in the four cities were reviewed to
assess how prominently the rail system was featured. Relevant
reports and documents, such as those on economic devel-
opment activities, traffic impacts, and public opinion polls,
were obtained from some areas and reviewed, along with
newspaper and journal articles identifying public and political
reaction to the projects. Finally, a limited number of tele-
phone interviews were conducted with representatives of firms
specializing in helping businesses to make locational deci-
sions. The purpose of these interviews was to identify the
impact that rail systems may have on the business location
decision-making process.

The approach used in this analysis is not without drawbacks.
The interviewees provided relatively objective responses to
questions. Most were open about discussing both the positive
and negative impacts of the rail systems. In addition, a number
of people identified situations in which anticipated benefits,
such as new development, had not occurred. However, de-
spite the overall objectivity of the interviews, some statements
can be viewed as overly positive or public-relations oriented.
This is not surprising given the significant investment that the
rail systems represent, and an effort has been made to ex-
amine other relevant information and to put these statements
in the proper context.



TABLE 1 AGENCIES AND ORGANIZATIONS INCLUDED
IN THE INTERVIEW PROCESS

Atlanta | Miami | Portland San Houston
Diego

Transit Authority X X X X X
Metropolitan Planning

Organization X X X ‘X X
State Department of Transportation

City X X X X
Downtown Development Group X X X X X
Chamber of Commerce/Visitors

& Convention Bureau X X X
Private Developer or Development

Organization X X X X

A structured process was used in each interview. Topics
covered in the interviews included assessments of the rail
transit system on the basis of

® The image it projects;

® The image of the city;

@ The quality of life;

e Access to employment, shopping, education, and enter-
tainment;

@ Service to low-income areas and increased access to em-
ployment opportunities;

@ Use in marketing and promotional activities of the city;

@ Influence in attracting new businesses to locate in the city
or in business relocation decisions;

e Energy, air quality, and environmental improvements;
and

e Urban congestion levels.

Other topics covered in the interview included general re-
actions concerning

@ Perception of bus and rail transit, including that of the
general public;

e Factors that should be considered in the rail transit
decision-making process;

@ Public reaction to the rail system; and

@ [ocal policies or programs supporting the use of transit
or land use and development changes, or both.

Whereas the impact of rail transit on economic develop-
ment and land use was analyzed separately (3), interviewees
were asked for their perception of the impact of rail in these
areas. In addition, the general approach used in the four cities
for coordinating and promoting development in conjunction
with the rail system was examined.

RESULTS
Quality of Life, Attractiveness, and Accessibility
In all four cities, the interviewees indicated that the rail sys-

tems have had a positive impact on the quality of life, at-
tractiveness, and accessibility of the cities. The impacts most
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often mentioned were maintaining and enhancing the vitality
of the downtown area and providing access to other major
activity centers, such as suburban shopping centers, educa-
tional institutions, sports complexes, and cultural centers. Many
individuals also noted that the systems provided high levels
of service to both transit-dependent groups and choice riders.

The downtown was identified as the area receiving the ma-
jor benefits from the rail systems. This was voiced most strongly
in Portland and Atlanta. Interviewees in Portland noted the
longer weekend shopping hours and increased sales of down-
town businesses as examples of this impact. The Portland
experience has been documented in other reports and surveys
of downtown businesses (). A number of interviewees noted
that rapid transit has made the downtown area of Atlanta a
more attractive place to live and work and that it would be
difficult to serve the downtown work force without it. The
improvement was ascribed not only to the attributes of the
rail system, but also to its resulting in the removal of buses
from downtown streets.

Positive impacts on other areas of the city and facilities
served by the rail systems were also noted. For example, in
Atlanta, Miami, and San Diego, the rail lines serve major
educational institutions. Provision of greatly improved access
to these junior colleges, colleges, and universities was noted
as an important feature of the systems. Service to cultural
and sporting activities, such as Metropolitan Atlanta Rapid
Transit Authority (MARTA) service to the Arts Center and
Omni Complex, was cited as a further example of the positive
impact of the systems on mobility and accessibility.

In Atlanta, Miami, and Portland, major suburban shopping
centers are accessible by the rail systems. Some interviewees
noted that, although initially the managements of these fa-
cilities had not always been enthusiastic about the rail con-
nections, citing potential increases in vandalism, the experi-
ence in most areas had been positive. Interviewees in all four
systems emphasized the role the systems played in increasing
accessibility and mobility for low-income and minority groups.

Image

Representatives of Atlanta, Portland, and San Diego all be-
lieved that the rail systems provided the image of a progres-
sive, forward-looking city. They indicated that the rail systems
have projected this positive image from the start. A number
of the people interviewed in Miami admitted that MetroRail
started with a negative image because of low ridership levels
and high capital costs. However, they believed that the image
of the system was now much better and contributed positively
to the image of Miami. A review of newspaper articles from
the time of the opening of the Miami system supports the
belief of an initial negative reaction (5).

Interviewees in all four cities indicated that the rail systems
were thought of as integral parts of the cities’ images. Rail
was believed to enhance the image they wanted to project—
that of progressive, forward-looking, high-technology cities.
Many people, especially representatives of cities whose neigh-
bors do not have rail systems, noted that the rail systems set
them apart from other cities. Thus, Portland noted that Seattle
does not have a rail system, San Diego mentioned that the



Turnbull

Trolley sets it apart from Los Angeles and Orange County,
and Miami noted that Orlando does not have a rail line.

Whereas the image aspect of rail was mentioned by every-
one, it was noted most strongly by interviewees involved in
marketing and promotional activities. These representatives
stressed the important role image plays in selling, marketing,
and promoting a city. The rail systems were believed to pro-
vide an additional tool the cities could use to compete with
other areas and to further enhance the progressive and “‘world
class” image the cities wanted to project. A number of in-
terviewees indicated that the rail systems had provided an
important psychological boost for the city. They linked this
to the pride many residents expressed about the systems. This
was noted most strongly in Portland and San Diego.

Perception of Rail Versus Bus

All interviewees indicated that they believed rail transit to be
perceived differently from buses by the public and policy mak-
ers. Terms used to characterize the superior perception of rail
included the following: a fixed facility that people know will
be there, more dependable and reliable, more comfortable
and attractive, faster, sleeker, and a higher-class service. These
characteristics were deemed to be important to the image
projected by the system and the city. An interviewee in Miami
indicated that when focus groups in a test marketing program
were shown videos with mostly buses and only a few rail
pictures, the thing people remembered most was the rail
vehicles.

Telephone interviews conducted with representatives of
business location firms supported this perception of rail, al-
though not quite as strongly. Interviewees indicated that most
businesses view the availability of rail transit service more
positively than bus because it is a fixed facility and because
of its speed, attractiveness, and visibility. As one represent-
ative indicated, “Rail sticks out.” However, most indicated
that transit service in general, whether bus or rail, is not
usually one of the major factors in the business location
decision-making process.

Marketing and Promotional Activities

All interviewees in the four cities indicated that the rail sys-
tems are used in the cities’ marketing and promotional efforts.
Most noted that the rail system plays an important, but sup-
porting, role in these efforts and is an additional tool the city
can use in competing with other cities. The rail system is
shown as one element of the total transportation system and
is highlighted to promote the accessibility and ease of travel
within the area.

A review of marketing and promotional materials from the
different organizations within each city reinforces these state-
ments. Pictures of the rail systems are used in many publi-
cations, often in prominent locations, and information on the
systems is provided in the text in a supporting fashion. Thus,
the appearance of the systems is important in the promotional
activities of the areas. Pictures of the system are usually more
prominently displayed than actual information. For example,
the Atlanta Chamber of Commerce publication on transpor-

tation in metropolitan Atlanta features a picture of a MARTA
vehicle on the cover, and a note in the introduction indicates
that MARTA service was recently extended to the airport.
However, actual information on MARTA is contained on
page 15, following information on Hartsfield International
Airport, cities with scheduled air service to Atlanta, airlines
serving Atlanta, general aviation, railroads, highways, motor
freight, and freight forwarders (6).

The interviews indicated that the rail systems are viewed
as especially important in marketing efforts oriented toward
attracting visitors, tourists, and conventions. For example, a
number of people in Atlanta suggested that MARTA had
helped to attract the 1988 Democratic National Convention
to the city. It was also noted that MARTA was being used
heavily in Atlanta’s bid to host the Olympics.

Public Reaction and Perception

In general, the rail systems were thought to be well received
by the general public, although many interviewees prefaced
their response with “it depends on whom you talk to.” Over-
all, most people indicated that the systems were perceived
positively and believed to be of benefit to the area. It was
suggested that they were viewed most positively by riders and
the downtown business community. People who do not use
the system and residents and businesses in areas that are not
served may be less supportive.

In Miami, several interviewees noted that some of the prob-
lems encountered when the system first opened, such as lack
of coordination with and low levels of feeder bus service,
contributed to some of the initial negative feelings toward
MetroRail. The initiation of the rail service and restructuring
of the bus system were described by some as ““‘traumatic” and
“chaotic.” However, most indicated that support for the sys-
tem has grown as service improvements have been made.

In Portland and San Diego, the interviewees indicated that
the rail systems enjoy widespread support from both users
and nonusers. Representatives in Portland cited recent tele-
phone polls and business surveys to gauge this support. In
San Diego, the 1987 election, in which voters approved an
additional %2 percent sales tax to be used for transportation
improvements, including one-third of the total for rail ex-
pansions, was cited as the best measure of the public’s support
for the system.

Congestion, Energy, and Air Quality

Most interviewees indicated that the rail systems have prob-
ably had only a minor impact on congestion levels, energy,
and air quality, although most believed that these had been
important considerations during the decision-making process.
Respondents in all areas indicated that the rail systems had
added needed capacity to the corridors in which they are
located and had reduced bus congestion on downtown streets.
In addition, interviewees in some areas indicated that the rail
systems had helped with specific “hot spot” air quality con-
cerns, but none could site specific studies. The best before-
and-after evaluation of some of these factors was conducted
by the Atlanta Regional Commission (ARC) during the initial



phases of MARTA development. However, the results of the
traffic monitoring study conducted by ARC were inconclusive
because of a lack of discernible trends and the potential im-
pacts of external factors (7).

Development and Land Use Impacts

The questions relating to development and land use impacts
focused on the approach used in the different cities to promote
and coordinate these activities and the general perceptions of
the impact that the rail systems have had on land use and
development. A more detailed examination of the impact of
rail transit on economic development and land use was con-
ducted separately (3).

The impact of the rail systems on development and land
use patterns was perceived differently in the four cities. In
general, all interviewees believed that the rail systems have
had a positive impact on development, but the level of this
impact was viewed differently. Representatives in Atlanta and
Portland expressed stronger support for the impact that the
rail systems have had on development than those in Miami
and San Diego. This is in part due to the approach used to
promote and influence development in conjunction with the
rail systems. Atlanta and Portland have taken a planned ap-
proach to focusing future growth around the rail system and
encouraging the use of transit through supporting policies,
which include rezonings, density and parking tradc-offs, park-
ing policies and pricing, and other incentives. On the other
hand, Miami and San Diego have taken a less active approach
to encouraging and promoting development. The lower level
of development activities associated with the rail systems in
these two areas may reflect this approach.

The interviews and literature review indicate that examples
of new development adjacent to the rail systems exist in all
four cities. In all cases, representatives noted that the impact
has been primarily on regional locational decisions rather than
attracting new business from outside the region. This conten-
tion corresponds to the conclusions reached in the indepen-
dent analysis (3) and the interviews conducted with repre-
sentatives of business location firms.

The important role of supporting and complementary pol-
icies was also noted. All interviewees noted that other poli-
cies, such as those relating to parking requirements, zoning,
land use, and density can be used to encourage development
at certain locations. In addition, several interviewees noted
that the systems are still relatively new and that the full de-
velopment impacts have not yet been realized.

Representatives in all four cities indicated that the rail sys-
tem was not the major reason for the location of the new
developments, but that it was an important element in the
dccision-making process. Many also indicated that the rail
system helps make existing development function better. The
ability of rail transit to deliver large volumes of people in a
short time was identified as a major feature that attracted
development.

Many respondents were open about discussing areas where
the rail system had not yet influenced new development or
redevelopment. For example, many people in Atlanta ex-
pressed disappointment that MARTA had not yet been able
to attract new development around some stations. It was noted
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that the presence of MARTA alone is not enough to overcome
historical development patterns or market forces. Even in
these cases, however, interviewees in all four cities indicated
that development potential was still present.

Reasons To Build Rail

The last set of questions focused on identifying the most im-
portant reasons why an area should consider a rail transit
system. The factor mentioned most frequently was the need
to move large numbers of people. Thus, ridership was most
often cited as the key criterion. The next-most-often-cited
elements were the potential for long-term savings in transit
operating costs, the potential for encouraging development,
enhancing the image of the city, and other factors. Most re-
spondents indicated that the transportation function of the
system was most important and that other factors, such as the
potential to influence development and enhance the image of
the city, should be considered secondary bencfits.

SUGGESTIONS FOR ADDITIONAL RESEARCH

The information presented in this paper provides an initial
assessment of many of the less tangible qualities of rail transit
systems. However, additional research is needed to obtain a
deeper understanding of the impact and unportance of these
attributes. To accomplish this, a number of areas are sug-
gested for further study.

The first consideration is to include more cities in the anal-
ysis. Conducting interviews in other cities would expand and
enhance this initial assessment. A more detailed examination
of local studies and data should be included. Budget and
schedule limited the number of cities and interviews in this
study.

Consideration should also be given to determining whether
there is a difference in the perceptions of different typcs of
rail systems. No attempt was made in this initial effort to
distinguish between the impacts of light rail, heavy rail, and
automated guideway systems. In addition, a further compar-
ison of perceptions associated with automobilcs, buscs, high-
occupancy-vehicle facilities, rail, and advanced technologies
would be of benefit.

Another area for analysis is a more detailed examination
of the supporting policies and programs that have been used
to promote development in conjunction with rail transit sys-
tems and to encourage ridership. It appears that these policies
and incentives are important in influencing development and
land use adjacent to the rail line. Such a study would be of
benefit in areas where enhancement of current projects or
implementation of new systems is being considered.

CONCLUSION

The results of this analysis provide a qualitative assessment
of some of the less tangible aspects of rail transit systems.
These attributes have often been noted as important factors
influencing the rail transit decision-making process. The in-
formation presented in this paper should enhance the under-
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standing of many of these aspects of rail transit. The results
should be useful in metropolitan areas where rail transit sys-
tems are being considered and to practitioners attempting to
better understand the rail transit decision-making process.

For example, the results were used as one element of the
ongoing consideration of rail transit in Houston. As noted, a
series of interviews with representatives from similar agencies
and organizations was conducted in Houston in 1989. The
results of these interviews were compared with those from
the four cities described in this paper. This allowed decision
makers to compare the perceptions of individuals in Houston
with those of the representatives of the four cities, which was
beneficial in the discussion of the importance and role that
these less tangible aspects of rail should play in the decision-
making process. Similar comparisons may be useful in other
areas considering rail transit systems.
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Train Operations Computer Simulation
Case Study: Single-Tracking Operations
for Philadelphia’s Market-Frankford

Subway Elevated Rail Rapid Transit Line

Eric BRuuN AND P. Takis SALPEAS

The graphical portrayal of train operations using time-distance
diagrams has long been used to develop schedules and for other
analyses. The availability, however, of relatively simple, practi-
cal, user-friendly computerized tools to do the related calculations
and plots is limited. The development and application of a pack-
age of PC-driven programs that accurately simulates train oper-
ations, plots bidirectional operations charts and schedules, and
allows sensitivity testing of various operating parameters are dis-
cussed. The package was tested using data derived from the op-
erations of Philadelphia’s Market-Frankford subway elevated rail
rapid transit line. It then successfully generated graphical sched-
ule (string-chart) diagrams for this two-track line under a series
ol operating assumptions. Of special interest was the testing of
the present schedule while a section of track 599 m (1,964 ft) long
between two stations was taken out of service. Such a package
can be easily developed and used for a variety of sensitivity anal-
yses, graphical scheduling, and other operational tests.

Philadelphia’s Market-Frankford subway elevated (MFSE) rail
rapid transit line spans 21.24 km (13.2 mi) and serves Center
City through seven subway stations. This two-track line with
9 stations on the western elevated portion (Market El) and
12 stations on the castern clevated portion (I'rankford El)
carries nearly 200,000 passengers per day. Nearly one of every
four Center City jobs is reached via this line. Its reliability
and high-performance service are instrumental in the city’s
daily functioning. The Southeasteru Pennsylvania Transpor-
tation Authority (SEPTA) provides maximum service of up
to 35 trains eastbound during the 2-hr p.m. peak period.

The eastern elevated portion is undergoing reconstruction.
To minimize passenger disruption, SEPTA solicited compet-
itive bids for the reconstruction of an elevated section on the
basis of a one-track-at-a-time construction method. Bidirec-
tional passenger service was to be continued on the basis of
a single-tracking operations plan.

The PC-based simulation program described in this paper
was an important tool in testing whether a single-tracking
schedule could be developed to operate the number of trains
that is normal when both tracks are in service. The formal
scheduling for MFSE operations, however, was beyond the
scope of this work. This schedule may be influenced by ad-

E. Bruun, University of Pennsylvania, 113 Towne Building, Phila-
delphia, Pa. 19104. P. T. Salpeas, Southeastern Pennsylvania Trans-
portation Authority, 5800 Bustleton Ave., Philadelphia, Pa. 19149.

ditional factors that can best be assessed by SEPTA’s sched-
uling and operations departments.

BACKGROUND

The MFSE line serves Philadelphia with 2 multimodal ter-
minals and 26 intermediate stations. One-way travel time is
approximately 40 min. The average station spacing is 816 m
(2,677 ft). Each station is designated as A, B, or AB. During
peak periods, A trains stop at A and AB stations and B trains
stop at B and AB stations in a “skip-stop” operation. Op-
eration is local during all other periods. Figure 1 shows a
schematic of the 1,964-ft single-tracking section.

Figure 2 shows the frequency of service provided during
the 2-hr peak period (3:30-5:30 p.m.) by 15-min intervals.
The figure indicates that up to 70 trains have been operated
during this period. In particular, between 4:45 and 5:00 p.m.,
seven trains were operated in each direction. (The current
schedule runs slightly fewer trains to adjust for lower de-
mand.) This period is the most critical and is the motivation
and test case for the simulation software described here.

SIMULATION METHODOLOGY

The simulation process is based on a set of motion equations
taken from a prominent textbook (7).

Equations of Motion

The rapid transit line is modeled as a series of interstation
spacings, each station being numbered sequentially. Associ-
ated with each station number is the station type (A, B, or
AB). Trains stop at all stations in nonpeak periods. Each
station (i) has a dwell time (¢;). Given n stations there must
be n — 1 interstation spacings (S,), each with an average
cruising speed (v;).

Travel time on any interstation spacing is composed of the
times required for accelerating to cruising speed, running at
cruising speed, decelerating into the station, and the station
dwell time. The sum of the terms for the incremental dece-
leration time of entering Station i, dwell time, and incremental
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acceleration time back to cruising speed in the next spacing
may be viewed as time lost for stopping, or T}, as shown in
Figure 3.

Figure 4 shows a straight-line approximation of time lost
for each stop instead of acceleration and deceleration curves.
This simplification is convenient for plotting and yet suffi-
ciently accurate for scheduling purposes. Each time-lost line
is connected to the next by a straight line of slope equal to

Distance

i+l

F Time
—o B
al

FIGURE 3 Stopping at a station.

Distance

[
Time
tai

FIGURE 4 Time-lost graphical method.

the cruising speed between them. If the cruising speed varies
among the interstation spacings, the sloped lines representing
the cruising speeds will no longer be parallel.

Unless the station spacings are extremely short, a constant
acceleration rate (@) and constant braking rate (b) can be
assumed, generally on the basis of experimental measure-
ments for existing rolling stock and an integrated average for
hypothetical rolling stock. (It is not difficult to develop a
variable rate @ or b if needed.) Once these values are known,
the distance in which the rolling stock accelerates to cruising
speed from zero and then immediately decelerates back to
zero can be computed. It is not necessarily a constant value
for all interstation spacings, because it is a function of the
variable v; as well as 7 and b. This distance is called the critical
distance, S,;, and is given by the formula
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vi(l 1
Sa =7 (a + E) 1

The formula to apply for computation of travel time de-
pends on whether the interstation spacing S; is less than or
greater than S_,. If §; = S, the vehicle never reaches cruising
speed before slowing down again. If §; > S, the vehicle can
cruise for a time before decelerating again. In the first case,
the interstation travel time over Spacing /, including dwell
time at Station i + 1, is

Ts,- =ty t by + by 4+ 1y
, (1 1
=V (% + E) + fsi + $=8, (2)

In this situation the speed reached (v;) is not known before-
hand; it is only known that v; < v,. Therefore, it is better to
express this relation in terms of the known value S;:

2@+ Db)S,
Ty= HEE 2 iy SisS, ©

The other case, S; > S, has four, not three, components
of travel time: acceleration time to v;, deceleration time from
v, to zero, dwell time at the next station (t,; , ,,), and cruising
time at the constant speed v,. The equation is

1.1 S — 8§,
Ts, = v, (54_ E) Flgg ey T Si > Sai @

¥,

The graphical interpretation and plotting become straight-
forward with these relationships. If §; > S, the last term is
drawn as a straight line with slope v; and length required to
reach Station i + 1 (a vertical distance §;), with three other
components following as a horizontal line of length T, shown
in Figure 3. Thus, T}, associated with a stop can be calculated
by adding the three time components due to stopping, stand-
ing, and starting again:

1
T, = v, (i) t Vg (Z) + o lsi o+ 1y A (5)
b a

If S, = §.;, the situation is not as clear, because there is no
real constant speed component. However, for plotting pur-
poses it suffices to use an approximate straight line. This
approximation, shown in Figure 5, is formed by drawing a
line between distances S, and S, , ; of time equal to the first
term in Equation 3. Again, time lost is drawn as a horizontal
line; by inspection of Figure 5, the revised time lost (assuming
the following spacing is longer than critical distance) must be

77; = [nu + 1) + tSu )

1
= V44 (:) + fsi o+ ) S, =S8, (6)

a

A graphical schedule can be built by repeating these cal-
culations for each interstation spacing. Each time-lost moves
the plotter coordinates further to the right and each cruising
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FIGURE 5 Graphical method for distances
less than critical.

speed moves the pen diagonally to the right until the entire
set of interstation spaces has been processed. The first and
last spacings are special cases due to either no initial braking
or no final acceleration, which slightly complicates the algo-
rithm. There is one further slight complication if two spacings
less than critical occur consecutively.

Under local operation, the calculations consist of simple
additions of travel time for each station spacing. However,
under skip-stop A operation, preliminary sorting must be done
to add distances together where stops are eliminated and to
reindex the stations and interstation spacings to reflect the
changes. If two spacings that are joined together have dif-
ferent average cruising speeds, the distance-weighted average
of the two can be used as an approximate value, v;, for the
new interstation spacing, SA;. The equations are of the same
form as before, but fewer iterations are necessary because
there are fewer spacings. The relationships for skip-stop B
operation are similar.

To draw a time-distance diagram for one run of one train,
the dispatch time from the terminal is required to locate the
starting-time coordinate. An entire time-distance chart can
be made by giving each dispatch time and consecutively plot-
ting each train scheduled during the analysis time period.

Practical Modeling Issues

A practical model requires provision for simulation of irreg-
ularities, including delays at particular points for particular
trains. Such delays can easily be modeled as “lumped” pen-
alties at stations by using the relation

ts; (new) = t5; + by (7

where f,; is an additional amount of time lost to be imposed
at Station i. Thus, one is simply changing the effective value
of dwell time at Station / as far as the equations are concerned.

A special operating problem that the model must address
is single-tracking conflicts. If two lines on the diagram, one
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from each direction, cross each other within the section of
single tracking, there is a conflict. This concept is shown in
Figure 6. The time delays required for switching or for signals
to clear at crossovers (or both) can be modeled by using the
aforementioned penalties, or a dummy station at a point of
delay can be added to the model.

A possible useful modification to the equations of motion,
not used here, would be to allow coasting on all interstation
spacings greater than critical. This would allow analysis of
sensitivity of operating time with respect to coasting regimes.
The formula is

STy 2\@ ¢ T 2 J\B T ¢
+ o lsq 4+ 1y S > S (8)

where ¢ is the coasting deceleration rate and v, is the minimum
acceptable coasting speed. One more component, which would
be acceptably represented on the time-distance diagram as a
change in slope from cruising speed to a reduced average
speed on the coasting portion of the section, would be added
to the interstation travel time (see Figure 7).

The scatter observed in real operations, like those of the
MFSE line, could be simulated by using a probability distri-
bution function for the average cruising speed and for station
standing times. It would then be possible to generate nu-
merous charts to visualize how often trains lose sufficient
separation and where a conflict is likely to occur.

Software

The program was implemented primarily in Turbo Pascal us-
ing a menu-driven format. The main menu shows eight se-
lections or modules. Module 1 merely terminates the pro-
gram. Modules 2, 3, and 4 are used to input the descriptions
of the line, operating paramgters, and setup. Module 5 begins
the calculations and displays the initial results. Module 6 can
be used to draw individual time-distance diagrams, and Mod-
ule 7 can be used for scheduling and fleet size computations.
Module 8 generates the operations chart and train schedules.

Distance
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distance at vhich
coastina beains

Time

FIGURE 7 Graphical method for coasting
between stations.

The program accepts the following input variables:

® Acceleration rate (a, m/sec?);

@ Deceleration rate (5, m/sec?);

® Average cruising speed (v,, km/hr), variable between
stations;

@ Dwell time (¢,;, sec), variable for each station;

® Station spacing (m) and station type (A, B, or AB);

© Minimum station headway (zonal only) (sec);

® Terminal time percent (XT,, dimensionless);

e Minimum terminal time (77.;,, min);

e Scale factor to optimize use of screen for line drawing;

e Fixed time scale for time-distance plots (min);

® Desired headway (min) (optional); and

® Maximum passenger load (P,,.,), load factor, size of car,
and number of cars per train (optional).

The following results are produced:

@ Line operating speed (Vo, km/hr);

@ Line operating time (To, min);

e Line drawing showing lengths (S;) and interstation travel
time (7;) for skip-stop A, skip-stop B, and local operation;

Distance

Time

Conflict

Time

No Conflict

FIGURE 6 Possible conflicts on single-tracking section.
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e Operating speed (Vo) and operating time (To) for both
zones during zonal operation;

@ The minimum zonal headway (hzmin, min);

@ Time-distance diagrams for local, skip-stop A, skip-stop
B, or any combination overlaid; and

@ Time-distance diagram for both zones simultaneously.

The following additional results are available:

@ Terminal time based on #f = max {X7,, TT,,.} (min);

@ The adjusted cycle time (7,) by rounding T/A (min);

® The adjusted terminal time (1, min);

@ Number of trains (Ntu) for steady-state operation; and

® The required headway (h, min), if P,,,, and other related
parameters are specified.

Each module is briefly described below.

Module 2, Rolling Stock Characteristics, is used to input
the acceleration, deceleration, interstation cruising speeds,
and station dwell times.

Module 3, Station Spacings and Types, is used to input the
distance between stations and the type of station (A, B, or
AB). A line schematic with lengths proportional to intersta-
tion distances is drawn as the data are entered.

Module 4, Setup and Default Values, allows for a variety
of adjustments, including scaling of the line drawing and plots,
choice of operating type, saving and recalling setups, and
other options.

Module 5, Travel Times and Spacings, shows the travel
time along the line schematic for each spacing as well as the
overall operating time and operating speed.

Module 6, Time-Distance Plots, generates the time-distance
plots. It is possible to superimpose skip-stop and local op-
erations on the same plot. Changing ‘‘direction” to “2” in
Module 4 will draw the mirror images. When two-zone op-
eration is selected, both zones will be plotted together.

Module 7, Scheduling, calculates steady-state fleet size for
a given headway and desirable headway for a given passenger
flow. Nonclock headways will be neither computed nor per-
mitted for any headway greater than 6 min.

Module 8, Operations Chart, requires an information tab-
ulation for each train. This is accomplished by creating two
Lotus 1-2-3 spreadsheets, one for each train direction. For
cach train, the planned dispatch time (in seconds after the
start of the chosen 2-hr block to be plotted), type of operation
(local, skip-stop A, or skip-stop B), and any station to have
delays and the amount of delay (or negative delay) must be
listed. The outputs are an operations chart in Hewlett Packard
Graphics Language (HP-GL) format for later plotting by a
high-resolution plotter and a tentative schedule. The schedule
shows dispatch time, three intermediate computed (check-
point) times, and run completion times for each train. Figure
8 shows a schematic of how Module 8 interacts with input
and output external to the Turbo Pascal program.

TESTING AND CALIBRATION

The operating characteristics and alignment of the MFSE were
used to test the program. Significant variances in driving times
were found on the MFSE for what may superficially appear
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FIGURE 8 Schematic of simulation process.

to be a highly deterministic process. Thus, statistical estima-
tors for the parameters were required instead of fixed values.

Initial Results

Initial running of the program using established estimates of
rolling-stock parameters and known speed restrictions indi-
cated that end-to-end running time was within 1 min of the
scheduled running time for both local and skip-stop opera-
tions. However, the schedule is not a reliable basis for cali-
bration, given the stochastic operations of real trains. More-
over, in the test case it was necessary to simulate some
intermediate point-to-point running times accurately as well.

Three intermediate checkpoints were created for point-to-
point calibration. The published schedule has only one inter-
mediate checkpoint and no statistical information regarding
adherence to schedule. Thus, it was necessary to collect rep-
resentative data.

Data Collection and Normalization

The calibration data were collected on a regular weekday
during the peak travel period 3:30 to 5:30 p.m. A summary
of results for eastbound skip-stop trains is shown in Table 1,
which contains the number of trains (N), travel time between
checkpoints (X), and the standard deviation (o) values for A
and B trains.

The mean values were used as target values for calibration,
and the standard deviation is an indicator of the scatter of
observed driving times.
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TABLE 1 STATISTICAL SUMMARY, EASTBOUND SKIP-STOP TRAINS
TRAVEL TIME SURVEY N, X, o, N, Xg o,

SECTIONS (min) (min) (min) (min)

69th ST - 30th ST 15 11.75 .32 15 11.58 «59

30th sT - 8th ST 14 5.39 .79 14 5.83 1.23

8th ST - ALLEGHENY AVE A3 11.80 .93 13 11.88 .77
ALLEGHENY AVE -

BRIDGE-PRATT 11 7.76 .69 11 7.63 .46

OVERALL TRAVEL TIME 11 36.70 1.21 11 37.00 1.70

The westbound trains have similar times, except that the
time from the 8th Street checkpoint to the Allegheny Avenue
checkpoint is consistently slower. The lack of symmetry is due
to the different signal speed control in the two directions.
Rather than make a separate speed profile input for the west-
bound direction, the mirror image of the eastbound data,
corrected by adding a delay at one stop to all trains in this
direction, was used.

Adjustments and Modifications

Four main variables can be used to calibrate the operating
times: acceleration rates, deceleration rates, dwell times, and
average cruising speeds.

Acceleration and deceleration rates used were based on
empirical measurements. They were not used for further cal-
ibration but were treated as constants (@ = 0.76 m/sec?, b =
0.76 m/sec?) for the whole line. This was done because the
largest source of deviation in travel times was different speed
profiles used by different operators. These deviations are much
larger than those caused by gradients or other factors. The
dwell times were not varied for calibration, because they are
consistent and deterministic in the off-peak and have a con-
sistent lower bound and little scatter even in the peak.

To preserve the accuracy of any later sensitivity analyses,
it was important to attribute time to each regime (accelerating,
braking, cruising, and standing) as well as the available in-
formation allowed. Therefore, the key variable for calibration
was the average cruising speed. It could readily be adjusted
to provide the mean operating time for a spacing and com-
pensate for a variety of speed profiles. This was done by
selecting an average cruising speed that gave an acceptable
overall travel time (usually the mean value) between stations,
even if the actual speed profile was not modeled precisely.
After some minor corrections to a few sections, primarily
those with tight radius curves, the model gave results close
to measured mean running times, both checkpoint to check-
point and overall.

APPLICATIONS

For rail rapid transit lines like MFSE, in which the headways
are short and driving times are stochastic, even short delays

can cause major disruptions. Computerized scheduling can
be useful in such cases. Some suggested applications follow.

Normal Schedule Analysis

By superimposing various “shadow” lines over the scheduled
operations chart, it is possible to visualize the potential for
conflict. A shadow is an imaginary line representing the en-
velope of time within which a certain percentage of trains will
lie. Without checkpoints, the envelope will grow broader as
the distance traveled down the line increases. With the ad-
dition of checkpoints, it is always possible to put the early
trains back on schedule. A certain percentage of trains behind
the scheduled time will also catch up to schedule. The per-
centage of on-time trains increases as the scheduled check-
point departure time is further delayed (i.e., as “slack” is
added to the checkpoint). The trains that depart on schedule
will again scatter, whereas the late trains will also scatter, but
with a bias toward being equally late at the next checkpoint.
After the first checkpoint, the distribution becomes compli-
cated because of the trains already late, but it can be ap-
proximated. Figure 9 shows one standard deviation, but in
practice any percentage can be specified. (One of the main
functions of Automatic Train Operation, or ATO, is to re-
move the scatter caused by variation in drivers.)

When shadow lines are drawn for each train, it becomes
possible to visualize which trains at which locations are likely
to have conflicts. The distance between the late and early
lines of two consecutive train runs indicates how much delay
can be accommodated for a given train run and location before
the delay affects the schedule. How and when to delay or
speed up following trains to recover most quickly from dis-
ruptions, while minimizing the possibility of inadvertently cre-
ating new ones, can easily be visualized. Any postulated sit-
uation can be introduced from the input spreadsheet, and
proposed responses can be sketched onto the operations chart.

When trackage is shared with another route, a time-distance
trajectory from that other line can be overlaid along the com-
mon section to assess how early or late the merging train can
be without disrupting the schedule.

A time-distance operations chart is convenient for other
uses as well, such as calculating the fleet size required at any
time.
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FIGURE 9 Shadow lines showing train dispersion.

Test Application: Single-Track Operations

Although the Huntingdon station (Station 8) will be closed
to passengers during the reconstruction, for modeling pur-
poses it was assumed to remain in existence as an AB station.
The Somerset station (Station 7), at the eastbound side of the
section, was converted from a B to an AB station to minimize
the inconvenience to the regular users of the Huntingdon
Station. Trivial changes to the input file were made to incor-
porate these changes.

The worst case—the afternoon rush period when the east-
bound track section is removed—was chosen for modeling.
In this case, the maximum number of eastbound trains is
required, but each eastbound train must cross to the west-
bound track and back again, consuming extra time. The trains
were limited to approximately 24 km/hr (15 mph) on the
CTOSSOVers.

The strategy for providing the desired capacity is to alter-
nately platoon trains in the eastbound direction. That is, two
eastbound trains cross for one westbound train. Such asym-
metric platooning, however, would not have been considered
if ridership volume required an equal number of trains to be
operated in the opposite direction at the same time.

The westbound trains can be modeled as making a normal
stop at Station 7 but passing through Station 8. This is done
by negating the time lost because of stopping at Station 8 by
adding a negative delay on the input spreadsheet. The neg-
ative delay is calculated by using Equation 5 and is
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T, (WB) = _Yz_ﬁ (%) — % (1) — t, = —26sec )

a

A change in slope will be seen in the trajectory on each
side of Station 8 to reflect the different average speeds.

The modeling for the eastbound trains is more complicated.
Each train in the platoon slows down to 24 km/hr (15 mph)
and proceeds directly over the crossover. This saves the entire
time lost due to stopping, which, calculated in a similar man-
ner as above, is about —26 sec. However, traversing the
crossovers requires about 30 sec more than maintaining speed
and not using the crossovers, so the net penalty for each train
in the platoon is about —26 + 30 = 4 sec.

The penalty values are entered in the input spreadsheet for
each affected train, and the modified operations chart is gen-
erated. If it is possible to generate a chart with no obvious
conflicts (i.e., it appears physically possible given some rel-
ative adjustment of dispatch or checkpoint departure times),
the tentative operation must be further checked to ascertain
that it is practical. These considerations will not be discussed
here, but they include such issues as selecting a checkpoint
closer to the single-track section, time allowances for signals
to clear, and so forth. Figure 10 shows a feasible operations
chart for the critical period. Note the closely spaced pairs of
lines corresponding to platooned operation.

Variable Operating Conditions

Once a baseline configuration is established, it becomes easy
to perform sensitivity analyses on the various parameters. The
one weakness with this type of model is that it does not give
a meter-by-meter speed profile. Thus it is not usable for anal-
ysis of dynamic or track forces. The speed profile along a
section must be assumed a priori and the average values then
computed, so some preliminary analysis may be required.
Once they are obtained, changes to operations or rolling stock
can be quickly analyzed.

CONCLUSIONS

The major conclusions to be drawn from the work described
here are as follows:

1. The removal from revenue service of the section of track
599 m (1,964 ft) long on the MFSE line does not necessarily
require a reduction in the number of trains operated with
both tracks in service. To maintain a high level of service
during the peak-of-the-peak window, however, it is necessary
to apply a platooning (fleeting) type of operation.

2. Simulation programs provide a low-cost, innovative tech-
nique for analyzing train operations and scheduling. The
mathematical formulations used are standard kinematic re-
lations, easily derived or found in textbooks. The software
employed (Turbo Pascal, Lotus 1-2-3, and AutoCad) are
widespread, off-the-shelf retail packages.

3. Transit and railroad companies could easily use com-
puterized time-distance diagrams to accomplish various
scheduling needs and easily test adjustments or variations that
presently require manual computations.
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Transit Railcar Quantities:

Scale Economies

JonaATHAN H. KLEIN

The effect of increasing size order on purchase prices of railcars
is examined using data obtained from suppliers in a survey by a
major transit authority. A distinction is made between short-run
price and cost, the former being borne by the buyer and the latter
by the supplier. The data, consisting of average price points, are
converted into marginal cost curves. The analysis indicates that
most economies of order size seen by the buyer as per car savings
are realized by the time orders reach 60 to 90 cars. Virtually all
purchasing economies are reached by the time orders rcach 200
cars. Further manufacturing economies of scale, if any, will likely
accrue to the suppliers. A corollary is that economies thought to
result from the purchase of “off-the-shelf”” cars may not exist in
a significant way.

A major problem in rail passenger systems is the rapidly es-
calating purchase cost of railcars. In the past few years, at-
tention has been directed toward understanding the factors
in a railcar’s purchase cost and how to set the parameters of
these factors to minimize the cost. This effort has recently
been expressed in UMTA’s railcar cost containment initia-
tives. One such factor is the quantity of cars ordered at a
single time.

The effect of order quantity, or “lot size,” on the purchase
cost of passenger railcars will be discussed. The degree to
which the cost can be expected to decline, if it declines at all,
will be determined. If the cost declines, what decision-making
rules can be developed to guide car purchascrs? The validity
of current beliefs about the relationship between costs and
order quantity and how the validity of those beliefs should
govern procurement will be examined.

A review of some of the literature suggests that larger order
size reduces per car costs (/,2). A study for UMTA by Dy-
natrend suggests, on the basis of a statistical analysis of his-
torical contract prices, that costs for quantities of more than
46 cars are significantly less than for quantities of less than
46 cars (3). Other studies simply assume that standardization
will result in lower car purchase costs, presumably because
standardized (off-the-shelf) cars represent, as an aggregate,
a large order (4).

ECONOMIES

It is reasonable to believe that increasing the order size re-
duces the cost of a passenger railcar. It is thought that the
manufacture of railcars ought to exhibit economies of scale;

Southeastern Pennsylvania Transportation Authority, 841 Chestnut
Street, Philadelphia, Pa. 19107. Current address: 1530 North Fiedler
Road, Maple Glen, Pa. 19002-2175.

therefore, the average and marginal costs of cars should de-
cline as the quantity produced increases. The economies of
scale are thought to arise from three causes:

1. For a given manufacturing technology or design, setup
and overhead costs are absorbed over a greater volume.

2. For a given manufacturing technology, the “learning
curve” phenomenon reduces the unit cost of additional units.

3. As order quantity increases, the manufacturing tech-
nology shifts to a higher setup cost and lower unit cost method,
yielding a lower total cost for large volumes.

SURVEY AND DATA

But is this belief true? An opportunity to test the hypothesis
that lower per car costs result from larger order quantities
arose in the large amount of survey data gathered by the
Southeastern Pennsylvania Transportation Authority (SEPTA)
during its Railcar Cost Containment Program sponsored by
UMTA in 1989 and 1990.

In this study, car builders, their system suppliers, and con-
sulting engineers were surveyed to determine what they
“thought” the effect of various parameters would be on the
cost of cars. Each respondent was asked to estimate quali-
tatively and quantitatively the change in cost resulting from
a change in a specific aspect of car procurement. The changes
included different propulsion controls, choice of materials,
and warranty duration, for example. Each respondent was
also asked how the cost would vary with order size.

The response data were initially taken at face value. The
data were provided by 24 firms: 11 car builders; 7 subcon-
tractors, or systems suppliers; and 6 consulting engineering
firms. Every major car builder except Kawasaki/NIAC re-
sponded to the survey. Though the sample population is not
large, it encompasses the great bulk of suppliers. All respon-
dents were asked to keep one car in mind: a 75-ft-long, stain-
less steel electric multiple unit with the subsystems typically
used on cars of newer North American systems, such as those
in Los Angeles, Baltimore, Miami, Atlanta, and Washington,
D.C.

Before the survey responses are examined, a distinction
between cost and price must be made. The two are not nec-
essarily equal and, in fact, their difference is equal to profit
(or loss). Increasing the quantity of cars ordered may reduce
a supplier’s costs, but it may not result in lower prices for a
buyer. For this analysis, it will be assumed that the survey
responses are in terms of prices, because that is what UMTA
and SEPTA inquired about. In the long run, cost and price
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may approach one another. However, most buyers of cars
place their orders in the short run.

Each respondent was asked to speculate how much the price
of a car might be reduced or increased if a base order of 50
cars were changed to 100 cars, 200 cars, or approximately 30
cars. The price changes were expressed as a percentage change.
Some of the changes were expressed as ranges (e.g., 3 to 6
percent or 7 to 10 percent). From the responses, the average
car price for each order quantity can be calculated. The mar-
ginal price of the additional cars can be calculated from the
average price. These marginal price points describe a marginal
price curve. The slope of the curve is the rate at which prices
change. When the slope approaches zero, most of the econo-
mies have been realized.

For example, one respondent, a consulting engineering firm,
estimated percentage price changes for changes in order size
as given in the following table. The price changes are ex-
pressed as a percentage change from the base price, whatever
that may be, say, $1,000,000.

Change Average Marginal Marginal
Order from Price of Cost of Change
Size Base (%) Car ($) Car ($) (%)
30 +10 1,100,000 1,200,000 +20
50 base 1,000,000 base base
100 -10 900,000 800,000 =20
200 —~15 850,000 800,000 0

The choice of a base near the midpoint of a series creates
some computational clumsiness.

ACTUAL COST CURVES

The marginal and average price curves described by these points
follow the expected shape of the classic curves. Computer-
generated fits of the points yield curves of declining prices
best approximated by a logarithmic function. These curves
are displayed in Figure 1 for one of the respondent car build-
ers. A common computer statistical package converted them
as shown in Figure 2.

A regression analysis on the entire population of respon-
dents’ points produced the following equation:

P, = $1.57 million — $0.137 million X log Q

e Price Per Car
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FIGURE 1 Cost curves for Car Builder A (marginal
price and average price).
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FIGURE 2 Cost curves for Car Builder A (marginal price and
logarithmic fit price).

where P, is the marginal price of the gth car and Q is the
total size of the car order. The total order price is the integral
of the equation over the domain of the order quantity. The
R? of only 0.55, however, means that the predictive value of
the equation is limited.

VARIABILITY IN SLOPES

However, this last result is deceiving. An inspection of the
raw response data indicates the existence of two distinct pop-
ulations. The first consists of firms who claim that their curves
decline at a declining rate (i.e., that prices decline as order
size increases, up to a point). This is expected and is shown
for one car builder in Figure 1. The second consists of firms
whose responses yield virtually flat curves, as shown for an-
other car builder in Figure 3. These firms claim that prices
are inelastic over order size.

A statistical averaging of the two populations is clearly
inappropriate. But an inspection of the two populations is
illuminating.

The difference in slopes between the car builders in Figures
1 and 3 is curious. Both firms are located in the same country.
They presumably are talking about the same general car at
the same time. They claim to be able to produce a wide variety
of designs, and, indeed, they produced nearly identical cars
at one time or another for the Philadelphia market. Why does
Car Builder B claim that prices, or costs, do not vary over

,,Price Per Car
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FIGURE 3 Cost curves for Car Builder B (marginal price and
average price).
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production runs varying by an order of magnitude, whereas
Car Builder A’s response yields the expected decline in price
as order quantity increases?

The following explanations, however likely or implausible,
come to mind to explain the horizontal response of Car Builder
B:

1. Car Builder B does not intuitively or formally understand
its own cost and price structure and responded in confusion
(i.e., it is unsophisticated).

2. Car Builder B understands its cost structure but chooses
not to present UMTA or a potential customer with realistic
data (i.e., it is deceptive).

3. Car Builder B has no manufacturing expertise and uses
no elaborate tooling. Hence, it never moves along the learning
curve, or it has no setup or design cost to absorb.

4. The two firms differ in their production experience and
may be describing different parts of the same production curve.

5. Some combination of the above explanations applies.

An exploration of these explanations yields a provocative
conclusion: specifying an off-the-shelf car may not result in a
lower car price. But before exploring the path leading to this
counterintuitive conclusion, other implications of the possible
explanations must be reviewed.

It is possible that the respondents do not understand the
conceptual basis of the questionnaire. This is Reason 1. It is
plausible. Some of the survey responses generated inconsist-
ent data points—the average and marginal prices declined
with order size and then rose. After all, strategic economic
modeling has not been a strong point ot the car supply in-
dustry. This may partially explain the demise of some of its
members.

Reason 2, duplicity, is also possible. Regrettably, experi-
ence suggests that duplicity and commercial mendacity are
accepted attributes inside some firms. Furthermore, firms may
view cost structure and pricing decision making as highly pro-
prietary information. Consequently, it would be imprudent
to dismiss the possibility of a firm deliberately submitting
misinformation to the client community.

Reason 3 may be partially true. The idea that a firm has
no discernible learning curve or tooling costs may be dis-
missed. It is unlikely that such a firm would survive. However,
a firm may have low design and tooling costs if it purchases
existing designs or produces only designs it has made before.
In these cases, product research and development costs are
low to begin with, leading to fewer costs to be absorbed over
volume.

This phenomenon leads into Reason 4: the two firms are
actually describing different parts of the typical production
curve. Car Builder B’s cntirc output over the past 6 ycars has
largely consisted of two designs. Both designs were purchased
from other car builders that had successfully constructed these
designs before. Car Builder B’s efforts in manufacturing to
these designs have been successful. Efforts to secure orders
for other designs have been less successful. In other words,
Car Builder B is well along a production experience curve.
Because almost all its new orders are for cars it has already
built, it may not view an order for 50 cars as 50 cars of a new
type, but as 50 cars on top of the 500 or more of virtually the
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same type of car that it has built before or, in fact, may be
in the midst of building for another customer.

This explanation is supported by an examination of the
remainder of all respondents’ data. Figure 4 shows the dis-
tribution of all respondents’ price elasticities as approximated
by the percentage change in prices from the smallest to the
largest order size. Car builders typically believe that there are
significant economies in order size. But their subcontractors
for brakes, propulsion, door controls, and so on are less in-
clined to this belief. These component suppliers, however,
produce more of a standard product. For example, Chicago
Transit Authority (CTA), Massachusetts Bay Transportation
Authority (MBTA), and SEPTA rapid transit cars use the
same General Electric SCM 1II propulsion controls, though
with minor variations. But the variation between the CTA,
MBTA, and SEPTA car body structures is much greater than
that between the car propulsion controls. Consequently, the
car builders frequently must start at the beginning of the
learning curve with each new customer’s order. Suppliers like
Gencral Electric frequently do not start at the beginning, but
are well along the curves.

The situation is analogous to new-home construction. Each
kitchen may be customized. Each kitchen appliance is not.
The building contractor believes 20 homes with the same de-
sign to be a long production run offering significant econo-
mies. However, the appliance manufacturer sees 20 appli-
ances of the same design as routine.

The consulling engineering community’s view appears to
cover the entire spectrum of opinion and, taken as a group,
is inconclusive. This is not surprising.

“OFF-THE-SHELF”’ PARADOX

It is often thought that specifying an off-the-shelf car results
in paying a lower price for each car, especially if the buyer is
purchasing only a small number of cars. The foregoing analysis
can be further developed to show that this is not nccessarily
the case. It is possible to specify a general-purpose car that
only approximates requirements—to obtain a lower price—
and yet pay a cost close to that of a customized car.

This is how it happens. Say a car builder has an order for
100 cars from Buyer A. It bids or negotiates a price on the
basis of its total cost of producing 100 cars of this design.

4lf-'EI;IjQUENCY OF RESPONSE
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FIGURE 4 Price drop due to increasing order from 30 to
200 cars.
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Buyer B wishes to order 50 cars. It wants cars customized
to its unique needs. However, to economize, it solicits prices
using Buyer A’s design. Because the car builder can move
along the cost curve to the right, that is, from 100 to 150 cars,
its marginal cost declines.

But it may not pass the cost reduction along to Buyer B.
It will probably charge Buyer B what it charged Buyer A,
thereby retaining all the savings for itself. Recall that price
does not equal cost. The difference between the two is profit,
and the car builder tries to increase its profits.

If the car builder did lower the price to Buyer B, one can
well imagine the protest from Buyer A. Buyer A bought 100
cars and paid more than Buyer B, which bought only 50. To
Buyer A, this is manifestly unfair.

Buyer B might still save a significant amount. All things
being equal, the price paid for 50 cars will be the lower price
paid for 100-car orders. But the car builder’s objective is to
make sure all things are not equal. It wishes to push the price
back toward the 50-car level. It will not try to equal the 50-
car price. If it does, it opens up the market to other car
builders. But it will try to raise the price to near this point.

It does so by finding a commercial pretext for making what
was an off-the-shelf car suddenly customized or different. The
difference may be only a routine product evolution or im-
provement, such as a relocated electrical apparatus locker or
modernized door controls. It may be accelerated delivery. In
any case, the objective of the car builder is to persuade the
buyer that these differences, costing thousands, are worth tens
of thousands. A capable buyer may be able to resist these
commercial maneuvers if it is determined and informed.

COMPUTED PRICE BREAK POINT

A useful heuristic can be drawn from the results of the survey.
The computed average prices for the 11 respondent car build-
ers are given in Table 1, in which each car builder is identified
by a letter.

Inspection indicates that most car builders see a leveling in
average prices around an order size of 100 cars. This is not
surprising. Most orders are for less than 100 units, and these
are frequently not 100 identical units. Often the order is com-
posed of cabs and trailers, married pairs, or other assortments
of a design. Therefore, if a car builder cannot achieve most
production economies before 100 cars, it is reduced to bidding
on only a few rapid transit car orders a decade. To survive,
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TABLE 1 CAR BUILDERS’ AVERAGE PRICE (BASE
ORDER PRICE = 1.00)

Order Size

Carbuilder 30 50 100 200

A 1.15 1.00 0.90 0.80
B 1.03 1.00 0.99 0.96
(6] 1.21 1.00 0.95 0.89
D 1.15 1.00 0.90 0.80
E 1.07 1.00 0.92 0.88
F 1.07 1.00 0.92 0.90
G 1.08 1.00 0.91 0.89
H 1.06 1.00 0.96 0.94
I 1.06 1.00 0.97 0.95
J 1.02 1.00 0.96 0.95
K 1.02 1.00 0.98 0.97

suppliers must evolve a manufacturing approach that flattens
the cost curve before 100 cars of a design is reached.

As a practical matter, increasing the size of car orders to
100 cars can substantially reduce the price, perhaps by 10 to
30 percent. Increasing the order size from 100 to 200 may
reduce the price by up to another 10 percent. Orders of more
than 200 cars will not result in significantly lower prices, al-
though they may result in significantly higher profits (or dis-
astrous losses) for the supplier.
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Evaluation of the CalTrain Feeder Shuttle
Program Serving Suburban Workplaces

RoGer Hooson

A 2-year-old project to provide small-vehicle feeder services be-
tween San Francisco Peninsula commuter train stations and sub-
urban employment centers is described. The typical passenger is
well educated, a new train rider, and could have driven a car to
a free parking space at work. The early planning process leading
to development of contract specifications and bidding is outlined.
Operational experience, ridership growth (including the effects
of the October 1989 earthquake), marketing activities, the results
of a passenger survey, and funding are described. Other shuttle
services on the San Francisco Peninsula and some examples from
other U.S. cities are assessed.

The California Department of Transportation (Caltrans)
manages the CalTrain commuter rail service, which runs 47
mi along the San Francisco Peninsula between San Francisco
and San Jose. In September 1988, Caltrans initiated a small-
vehicle feeder service between suburban train stations and
largely new employment centers 1 to 4 mi away. The number
of routes operated grew from three initially to seven in late
1990; almost 500 boarding riders per weekday are carried.

Service is competitively contracted and is provided by rel-
atively new, high-roof van conversions with 21 to 25 padded,
forward-facing seats. Vehicle exteriors display the CalTrain
logo.

One vehicle is operated on each route during peak hours
only, toward employment centers in the morning and toward
train stations in the evening. Four to six morning trips and
four to six afternoon trips are operated per route, all timed
to meet trains. A total of 66 weekday trips are provided.

No fare is charged because of the shortness of the trip and
the expected high administrative cost of fare collection, which
could absorb much of the revenue generated. Also, most
shuttle passengers are new to CalTrain, and their train fares
improve CalTrain’s revenue/cost ratio, because there are vir-
tually no marginal train costs involved in serving this number
of new passengers.

The service currently costs an average of $54,000 per route
annually. Funding comes from private employers and devel-
opers (28 percent), local transit districts (25 percent), Caltrans
(25 percent), and cities served (22 percent).

The typical passenger is well educated and could have driven
a car to work instead of riding transit. Most passengers did
not use CalTrain before the shuttles were introduced.

This paper discusses all elements of the Caltrans program
and provides a brief perspective on other suburban shuttles
connecting with CalTrain, as well as a few similar programs

Rail Branch, California Department of Transportation, P.O. Box
7310, San Francisco, Calif. 94120.

elsewhere in the nation. It concludes with a short assessment
of the Caltrans program and a suggestion for the future.

SERVICE ORIGINS

In its 1987 session, the California legislature passed Assembly
Bill 1675, which gave Caltrans $250,000 for a CalTrain feeder
demonstration program. The legislature wanted to promote
competitive contracting in the provision of transit service, and
Caltrans staff believed that CalTrain suburban workplace
feeders would improve the train’s accessibility, like the long-
established shuttle connection to San Francisco’s financial
district.

In early 1988, Caltrans staff met with planners for San
Francisco Peninsula transit districts, and a number of candi-
date shuttle routes were chosen. Selection criteria included
number of employees served, their home locations, and dis-
tance of the employment area from a train station (vehicles
must make a round trip in 25 min at most to meet trains every
half hour). Only areas without existing transit links to stations
were considered. Transit districts were receptive because, de-
spite public pressure to add lines to these areas, they could
not afford to do so.

Next, the local assemblyman sponsored a meeting for busi-
nesses and cities in the affected areas. A brief slide show
describing CalTrain and the shuttle concept was presented by
Caltrans staff; key benefits to companies were outlined (Fig-
ure 1). Caltrans made several other presentations to employer
groups.

On the basis of financial commitments from businesses and
cities to contribute one-third of the estimated cost of each
shuttle route, Caltrans selected four routes for start-up later
in 1988, two in San Mateo County and two in Santa Clara
County.

THE CONTRACTING PROCESS

In writing the initial contract specifications, Caltrans staff
consulted requests for proposal (RFPs) from several other
agencies, including the Bay Area Rapid Transit District’s RFP
for its BART Express bus service and a Los Angeles RFP for
residential shuttles. Because Caltrans was to issue a simple
invitation for bids, rather than a full RFP, it was necessary
to be explicit about driver conduct, vehicle maintenance, re-
porting requirements, bonding, insurance, indemnification,
and other matters.
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BENEFITS THE SHUTTLES OFFER

— Reduced Need for Employee Parking Spaces

— Pre - empt Stale and Local Clean Air
and Traffic Reduction Measures

— Increased Employee Timeliness and
Productivity

— Good Community Relations

FIGURE 1 Employer marketing graphic.

In the first contract, vehicles were required to have 19 to
25 passenger seats, interior headroom of at least 75 in., a
gross vehicle weight rating less than 18,000 b, an age of less
than 3 years with odometer mileage less than 75,000, and a
radio link to a central dispatcher. With more than 20 passen-
gers riding some trips, the current contract effective July 1990
requires 21 to 30 seats and odometer mileage less than 60,000.

The specifications are intended to secure comfortable, re-
liable, and intimate vehicles that can traverse company park-
ing lots and make tight turns. Vehicles must be able to display
the CalTrain logo on each side, and the successful bidder must
provide significant additional vehicles and service hours if
Caltrans wishes to expand service.

The contract requires that vehicles be kept clean and their
components in good working order. If the operation is shut
down by the California Public Utilities Commission for safety
reasons, Caltrans can assess a penalty of $500 per vehicle per
day. Drivers must carry an accurate timepiece, be courteous,
drive safely, and keep a log of passenger boardings by trip
and delayed or missing services.

A performance bond or letter of credit in an amount suf-
ficient to pay a substitute operator for 2 months is initially
required of new contractors (reduced to 1 month after a sat-
isfactory trial period), as is a certificate of insurance providing
at least $5 million coverage per occurrence. The successful
bidder must also indemnify Caltrans and the county-level transit
districts that finance the train service.

An incentive for on-time operation was included in the
original contract. It provided that if 95 percent of trips arrive
at their last drop-off point within 2 to 3 min of schedule time
in a given month, the contractor was eligible to earn 3 percent
extra. However, the successful bidder apparently believed
that the record keeping necessary to earn this bonus would
be too time-consuming and therefore did not apply for it.
Because Caltrans subsequently believed that this provision
could skew a contractor’s record keeping, the agency did not
include it in the specifications for the second contract.

Service providers prefer contracts of at least 3 years to
reduce vehicle lease-purchase costs. However, because of the
Caltrans project’s initial demonstration status, an unfavorable
1-year term was applied to the first contract (an option to
extend for 10 months was subsequently exercised). The cur-
rent contract runs for 2 years with an option to extend, the
longest possible period given that whether Caltrans will con-
tinue to manage CalTrain is uncertain.

Because 20 mi separates the northernmost and southern-
most routes, Caltrans allows bidders the option of contesting

21

only half the service. Caltrans selects the responsive bid or
combination of bids that results in the lowest total cost.

For both contracts, a list of about 20 potential bidders was
assembled by referring to both a directory issued by the re-
gional planning commission and the Yellow Pages (the suc-
cessful bidder is listed only in the Yellow Pages).

The first contest in mid-1988 attracted only two bids, ap-
parently because of the contract’s short duration. The longer
second contract yielded five bids. Both contests were won by
the same immigrant-owned firm, employing mostly immigrant
drivers. The rate was $42/veh-hr for the first contract and $50/
veh-hr for the second. The $50 bid is based on an average of
only 4 hr 17 min of service per route per weekday and results
in an annual cost per route of $54,000.

INITIAL OPERATIONS

The first three routes started in September 1988, and the
fourth started in November after corporate contributions were
secured. About 1 week before service began, Caltrans, city,
and contractor staff rode the shuttle vehicle on the proposed
route during rush hour. Before service started, a supervisor
showed drivers the route once more.

At first, some drivers had difficulty running precisely to
schedule and conversing with passengers in English. Reason-
able English fluency was not required in the first contract (it
was added to the second). Passengers who started riding some
time after a route started had an advantage because they could
learn details from veteran riders. Meanwhile, some (but not
all) drivers improved their language skills.

RECENT CONTRACTOR PERFORMANCE

Since the start-up period, the contractor has provided reliable
service. Trains are rarely missed, and breakdowns are infre-
quent. The 2%-year-old operation has been essentially acci-
dent free. Vehicles have passed all California Highway Patrol
inspections. Vehicles are kept clean. After the firm won an-
other major contract recently, it supplied Caltrans with new
vehicles that exceed specifications.

Remaining minor issues include the accuracy of some rider-
ship reports, occasional accounts of drivers running slightly
early or late, and some new riders’ complaints about drivers’
English fluency (though informal passenger polling suggests
that this is not an issue for most). The contractor has requested
a 4 percent rate increase to cope with higher fuel costs since
August 1990, and the firm’s insurance company is attempting
to raise its classification.

Caltrans recently decided to place postpaid customer com-
ment cards in vehicles. So far, 90 percent of comments have
been complimentary.

RIDERSHIP

In early 1989 a ridership plateau of about 200 daily boardings
was reached, and growth was unimpressive (Figures 2 and 3).
Vehicle trips that averaged fewer than two passengers were
discontinued. However, concerted corporate outreach efforts,
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including poster and schedule distribution, gave the Mountain
View route a major boost; ridership has not stopped growing
since. A large electronics company mentioned the operation
in its employee newsletter, and a land developer published a
front-page color photograph of the vehicle in its glossy quar-
terly, but ridership did not increase much on these routes.
Some companies, perhaps content to support “socially re-
sponsible” transportation regardless of use, may not have
made the effort necessary for major rider gains in the face of
abundant free parking and dispersed employee trip patterns.

An unexpected natural calamity proved to be the boost the
shuttles needed. The October 1989 earthquake closed free-
ways and bridges and led to renewed corporate publicity for
the service. Mountain View and San Carlos ridership in-
creased rapidly, despite a contraction of Mountain View ser-
vice to only one vehicle instead of two, with 41 percent fewer
runs made.

ept. 90 Nov. 90

An equally significant effect of the earthquake was the rapid
introduction of two new routes in Menlo Park (to one of which
the other Mountain View vehicle was assigned), followed by
a third route there in March 1990. The earthquake caused a
previously reticent major employer to commit funds and to
pressure the city and other employers to do likewise. Rider-
ship on these services is included in Figures 2 and 3 starting
in the first quarter of 1990.

Largely because of postearthquake ridership growth and
new routes, patronage in the entire fourth quarter of 1989
(including December) increased 44 percent over the third
quarter. By the second quarter of 1990, daily ridership of 445
was more than double that of a year earlier; it was up 50
percent on the original routes. October-November 1990 rider-
ship of 494 continued to be more than double the 238 of a
year earlier, and the Mountain View route experienced a
capacity problem.
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More than half the daily ridership is in the morning; some
commuters appear to get rides or walk in the afternoon. Rid-
ership per vehicle trip now averages 7.5; for the four original
routes it is 8.3. The most heavily used trips made by the
Mountain View and San Carlos shuttles carry more than 20
passengers.

Despite general ridership success, one route has not done
well. The location of Cupertino’s Vallco Research Park near
the present south end of the CalTrain corridor means that
the train is a realistic option only for commuters who live to
the north, and few new employees can afford to do so. Those
who do live there find that the uncongested I-280 freeway is
a tempting alternative. A planned southern CalTrain exten-
sion to new housing in south San Jose, Morgan Hill, and
Gilroy should help to address the problem.

MARKETING

Caltrans is responsible for most shuttle publicity, but cities
and a major developer have assisted with corporate outreach.
Because the shuttles serve a limited set of employers, mar-
keting efforts have been concentrated there. Contacts with
some employer representatives had been made when the ini-
tial routes were chosen, but additional names were obtained
before service began.

The marketing agency used by Caltrans developed 11-in.
X 17-in. posters for company bulletin boards (size reduced
for Figure 4), distributed cards that could be returned for a
free CalTrain round-trip ticket, and supplied schedule holders
for Caltrans-designed shuttle timetables and route maps. Both
the poster and the schedules show the shuttle vehicle.
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Another key marketing tool is the CalTrain logo on vehi-
cles. Weatherproof boards, about 5 ft long, are installed in
contractor-supplied metal frames on vehicle sides below the
windows. The display is relatively subtle but clearly marks
the vehicles as part of the CalTrain service.

PASSENGER SURVEY RESULTS

Caltrans conducted its second survey of shuttle riders in May
1990. For the four “mature” routes operating more than 1
year, key results include the following:

® Though the service is not restricted to CalTrain passen-
gers, 96 percent of respondents connect with the train.

e Eighty-nine percent ride the shuttle both morning and
afternoon. Of the 11 percent who do not, 79 percent still take
CalTrain in the other direction, but they use other means to
get to the station, chiefly walking or getting a ride.

@ Sixty-seven percent use the service 5 days per week. This
is an increase over the year-ago level of 59 percent and is
about the same percentage as CalTrain riders in general.

@ Sixty-five percent buy a monthly train pass, up from 60
percent in the previous survey. Another 16 percent buy tickets
good for more than a single round trip.

® Sixty-one percent of those who worked at their present
location before the shuttles started never, or hardly ever, used
CalTrain then. Another 8 percent used the train fewer than
3 days per week. This is mainly because convenient connec-
tions between stations and workplaces did not exist.

@ Sixty-seven percent had a car available to them on the
day of the survey but chose to take the train and shuttle
instead. This percentage is similar to train riders in general.

@ Sixty-three percent are male, a percentage similar to train
riders with work destinations outside the San Francisco central
business district.

@ The median age is approximately 34.

@ Sixty-five percent have at least a 4-year college degree;
24 percent have a graduate degree.

FUNDING

Figure 5 indicates that the initial state share of 67 percent of
funding declined to 25 percent in fiscal year 1990—-1991. The
combined city and private share increased to 50 percent, and
the transit districts made up the remaining 25 percent, sharing
costs with the state on the same basis as they do the CalTrain
service. The state share has declined both because the original
demonstration grant funds are exhausted and because current
state policy is that mass transit services should be funded
locally.

Caltrans does not collect funds directly from the private
sector. Instead, the agency signs cooperative agreements with
cities in which the cities pledge to provide a specified sum,
which currently amounts to 50 percent of the shuttles’ contract
cost. Cities then recoup as much from private interests as they
can. The percentage of the combined city/private share paid
by the private sector has varied by city in the first 2 years of
the program, ranging from 18 to 67 percent and averaging 48
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percent. In fiscal year 1990-1991, two of four cities will obtain
more from employers and developers, which will result in an
average private share of 56 percent, or 28 percent of all shuttle
funding.

Companies volunteer to contribute, sometimes on the basis
of amounts suggested by cities or developers. No city ordi-
nance requiring corporate participation has yet been passed.
Typical annual contributions for companies with less than
1,000 shuttle-served employees are $1,000 to $2,500. On the
Cupertino route, two large computer businesses, each with
2,500 to 5,000 served employees, now contribute $8,855 per
firm, or one-third each of the combined city/private share
(they had previously split their cost responsibility according
to the number of employees at each company). Cupertino,
whose city manager took a lead role in getting the companies
to give so much, pays the remaining one-third.

FARE REVENUE

Shuttle riders pay no fare, so no revenue is generated directly.
However, new train revenue is produced, and the passenger
survey summarized earlier allows it to be measured. Revenue
from those who used the train before the shuttle started is
subtracted, except for any additional travel. Revenue from
riders whose companies moved to the area after shuttle service
started is partially counted.

On the basis of these formulas, in May 1990 new train
revenue amounted to 26 percent of the cost of shuttle oper-
ation for the four original routes, up from 16 percent a year
earlier, and 20 percent of the cost of all routes, including the
new Menlo Park services. Marginal train costs were almost
nothing.

OTHER SUBURBAN WORKPLACE SHUTTLES
SERVING CALTRAIN

The Caltrans-managed shuttle services discussed in this paper
are only one type of transit link between train stations and
workplaces in San Mateo and Santa Clara counties. (Because

San Francisco and downtown San Jose are traditional central
cities, connecting services there are beyond the report’s scope.)

The Santa Clara County Transit District operates full-size
buses on four dedicated train connection routes serving the
heart of Silicon Valley employment, the Golden Triangle.
Each route meets about six morning and seven evening trains
in the primary commute direction and carries between 25 and
42 transferring passengers each morning. Another five Santa
Clara County Transit routes carry between 26 and 101 morn-
ing transfers each, but they are not train-dedicated services.
Passengers with monthly or weekly train tickets ride County
Transit free when traveling away from trains. Alternatively,
for $18/month, passengers may purchase a “Peninsula Pass”
sticker affixed to the monthly CalTrain ticket, which permits
unlimited travel on all County Transit lines and those of neigh-
boring counties.

The next most important link between CalTrain and sub-
urban workplaces is the Marguerite, a small-vehicle service
contracted by and serving Stanford University. Each morning,
about 135 passengers transfer from the train to the Marguer-
ite. Vehicles are high-roof van conversions with about 15
perimeter seats and considerable standing room.

At least four employers and three land developers operate
their own shuttles to CalTrain stations in San Mateo and Santa
Clara counties. High-roof van conversions are most com-
monly used, although two companies operate low-roof vans.
Some firms contract for service, whereas others own or lease
vehicles and provide their own drivers. A business park that
leases prefers this to outright ownership berause maintenance
is covered. But another company, which bought a vehicle, is
satisfied that major maintenance is covered under an extended
warranty. Driver wage costs are a minor or nonexistent issue
if drivers can perform other work the rest of the day, as is
the case at one company that uses employees who were al-
ready on the payroll.

Most private shuttles make several trips to and from the
station each peak period. Of five operations studied, the av-
erage number of daily morning transfers is 20. Some com-
panies charge users a nominal amount, whereas others pro-
vide free service. One firm that formerly assessed its employees
$10 per month dropped the fee: it was not covering the cost
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of shuttle operation, and the shuttle was not that expensive
anyway.

Companies offer several reasons for initiating and fully
funding their own shuttles. The two most common may be to
retain employees after a corporate move by offering an al-
ternative to driving long distances and, among developers, to
make remote office leasing easier. A third reason is likely to
become more important: shuttles are a way to satisfy gov-
ernment requirements to reduce solo driving and clean the
air.

SUBURBAN WORKPLACE SHUTTLES SERVING
OTHER COMMUTER RAILROADS

There are other U.S. locations where public agencies are at
least somewhat involved in funding or managing shuttle serv-
ices between suburban commuter rail stations and nearby
employment clusters. The following are a few examples. Wholly
private operations are not discussed.

Near Princeton, New Jersey, a transportation management
association (TMA) contracts with a local limousine company
to provide two small vehicles with drivers for peak service
between a New Jersey Transit station and the Princeton For-
restal office complex located about 5 mi away. Started with
an Urban Mass Transportation Administration entrepre-
neurial services grant, the service is now supported entirely
by the developer of the complex and three employers there.
TMA funding comes partly from the same four firms and
partly from the New Jersey Department of Transportation.
Six morning trips and five evening trips are operated, con-
necting with both New York and Philadelphia trains. The
shuttle is free to employees of sponsoring firms.

In suburban Philadelphia, the Southeastern Pennsylvania
Transportation Authority (SEPTA) operates its own full-size
buses between commuter rail stations and major employers
(including a shopping mall) on five routes as of mid-1990.
Many routes operate all day. These services are fully funded
by businesses that requested that SEPTA operate them. Many
firms were having difficulty recruiting inner-city employees.
Buses are timed to meet SEPTA’s commuter trains, and bus
timetables showing connections are readily available at key
train stations. Passengers ride free by showing a rail pass.

In suburban Chicago, the Pace public bus district contracts
with private operators to run home-oriented shuttles to and
from selected Metra commuter rail stations. Some vehicles
carry passengers between stations and workplaces on return
trips, but not many commuters took advantage of the work
link as of mid-1990.

A major work-end shuttle network is essential to devel-
opment of the Los Angeles—Orange County commuter rail
corridor, according to Orange County Transportation Com-
mission members quoted in the September 25, 1990, Los An-
geles Times. Like the San Francisco—San Jose corridor, this
one has substantial employment clusters along at least 40 mi
of its 58-mi length, but businesses are usually beyond easy
walking distance.
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SUMMARY AND OUTLOOK

The 1989 CalTrain Passenger Survey indicated that 12 percent
of train passengers going to work in San Mateo and Santa
Clara counties completed their trips on small vehicle shuttles,
whereas another 17 percent rode full-size buses operated by
transit districts on regular routes (some dedicated to meeting
trains, some not). In the year since, the proportion of small-
vehicle users has probably grown.

The CalTrain shuttle program has demonstrated that reli-
able, swift, and dedicated connectors between train stations
and workplaces can attract passengers who have the option
of driving. Ridership growth has been strong since the Oc-
tober 1989 earthquake, despite the major handicaps of free
workplace parking and dispersed employee trip patterns.

Employers and developers now contribute a greater per-
centage of the cost than initially. Public sources include the
state, the three San Francisco Peninsula transit districts, and
individual cities served. An increased private role appears
appropriate, but the involvement of several public agencies
and the extra staff needed for an expanded program are likely
to make service additions more difficult.

Therefore, alternatives such as partial public subsidy of
company-managed shuttles are under study. As discussed ear-
lier, several employers already run their own train shuttles,
and workers at other firms are pressuring their companies to
do so, particularly because affordable housing is so far away.

In California’s principal urban areas, the future looks bright
for rail-based workplace shuttle services. Voters have funded
an ambitious program of rail improvements, but it may be
some time before major office developments are located within
walking distance of a large number of train stations. Until
then, small vehicles able to negotiate company parking lots
will be needed to make the train system accessible.
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GO Rail 1989 Survey Results

JuLrus Gorys, MURRAY McLEoOD, AND FRANK WILLIAMS

The Government of Ontario (GO) commuter rail system provides
an attractive alternative to automotive journey-to-work travel in
the greater Toronto area. Operating with conventional rail tech-
nology, the 7-line, 47-station system carries more than 80,000
passengers each weekday, or some 20 million passengers per year,
over its 356-km network. The system is in a continuous state of
expansion and upgrade to meet the demands of Toronto-bound
commuters. Systemwide surveys of riders have been conducted
as a cooperative effort between GO Transit and the Ontario
Ministry of Transportation since 1981. The biennial surveys col-
lect both origin-to-destination and rider-characteristic data, which
provide a base for operational and policy-planning purposes. Some
results of the 1989 survey are described.

Government of Ontario (GO) Rail is the first interregional
transit system in Canada created and funded by a provincial
government. The original GO Rail began as a demonstration
project in 1967 with the premise that, by attracting motorists
off the highways, such a service would reduce the need for
new multimillion-dollar expressways. ‘I'he system has since
been expanded to seven lines that serve an area of more than
8000 km? (3,000 mi?) with a population of more than 4 million.
Figure 1 shows the lines and stations in 1989.

In addition to rail service, GO Transit operates bus services
in support of and independent of the rail system. Of the 10
million passengers who use the GO Bus service annually,
approximately 10 percent use routes connecting with rail
services.

The original Lakeshore lines operate on all-day, two-way
schedules over most of their routes. The Lakeshore West
route operates at full service (10 min peak, 60 min off-peak)
for only about two-thirds of its length, with a limited three-
train extension in the peak direction for the remainder. The
newer routes operate between one and five trains daily in the
peak direction over a 2-hr period.

Free parking is provided for more than 20,000 vehicles on
the system, but despite the large number of spaces, demand
at many of the lots often exceeds supply. To dissuade riders
from parking at the stations, kiss-and-ride lanes for passenger
pickup and drop-off are provided at most stations. In addition,
special access loops for buses and integrated fare arrange-
ments with most local transit operators are now in place.
Despite these efforts, parking lot capacities continue to be a
major problem for GO Transit.

GO fares, charged by distance over a zone system, are much
less than the cost of commuting by car but do not undercut
the prices set by local transit operators. The goal set for GO
Transit is to recover 65 percent of operating costs through
fare box revenue with the provincial government making up
the balance and paying all capital costs.

Ontario Ministry of Transportation, 1201 Wilson Avenue, 3rd Floor,
West Tower, Downsview, Ontario, Canada M3M 1J8.

Union Station in downtown Toronto is the hub of the GO
Rail system and is directly linked to the Toronto Transit Com-
mission’s (TTC’s) extensive subway and surface transit net-
work. Of the 80,000 daily rail passengers, 98 percent exit or
board GO Rail at Union Station, and nearly one-third of these
passengers transfer to TTC services. To promote the use of
both transit systems and to make this transfer more econom-
ical, a combined GO/TTC monthly pass package known as
Twin Pass was introduced in January 1988. An average GO
monthly pass costs about $115, and a TTC monthly pass is
$53. ‘T'he 'I'win Pass ofters this combination at a $20 discount.
Acceptance of this fare package has been high; more than 10
percent of GO riders purchase it on a regular basis.

Future demand on the GO Rail system will come from all
areas of the greater Toronto area (GTA). Downtown Toronto
is expected to continue to dominate employment activity in
the GTA. To date, GO Rail service has expanded incremen-
tally in response to emerging trends in population and em-
ployment growth. The period from 1987 to 1989 was char-
acterized by sustained economic expansion, which has, however,
slowed in recent months. The Ontario Ministry of Transpor-
tation (MTO) predicts that current ridership levels will more
than double during the next 30 years, and it is anticipated
that all seven lines will be upgraded to full-service status dur-
ing this time period. Extensions of the existing rail lines and
upgrades of some limited services had been completed by
early 1990, and plans have been made for additions to the
system.

SURVEY METHOD

Given the high growth experienced by GO Rail, an ongoing
survey program has proved useful in measuring the various
changes on the system. GO Transit is responsible for distri-
bution and collection of the survey forms, and the Transpor-
tation Demand Research Office of MTO administers the data
collection, processing, and report generation. In 1989 the con-
sulting firm of Cole, Sherman and Associates was contracted
by MTO to assemble the data base and prepare a report. GO
Transit and MTO share the responsibility for design and de-
velopment of the survey content.

Table 1 gives data collected hy each of the GO Rail surveys
undertaken since 1981. Changes between the 1989 and pre-
vious surveys include the addition of questions concerning
duration of residence, previous trip method, fare type follow-
ing the introduction of the new Twin Pass program, and park-
ing at GO Rail stations. Because of space limitations, ques-
tions pertaining to trip purpose and family income group,
which had not changed significantly in other years, were dropped
from the latest version. They may be reinstated in future
surveys to maintain a time series data bank.
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FIGURE 1 GO Rail system lines and stations, 1989.

TABLE 1

DATA COLLECTED IN GO RAIL SURVEYS

Origin End:

Destination End:

GO Fare:

Twin Pass Users:

New User:
GO Frequency:
TTC Use:

Reverse Trip:

Socio/Economic:

GO Use Hislory:

Residence History:

Employment History:

Drive & Park Users:

Trip Origin
Origin Purpose
Boarding Stalion
Boarding Time
Mode Station

Trip Destination
Destinalion Purpose
Destinalion Slalion
Mode Irom Destination

Fare Medium
Reason for Single Fare Use
Fare Category (e.g. sludent)

Previous Fare Medium
Uses Twin Pass for GO Bus

Previous Trip Mode
Trips/Week

Trips/Week
TTC Fare Medium

On Same Day
Mode Used

Male/Female

Age

Family Income

Car Availability for Trip
Why GO Used Over Auto

Years of Use

Years at Presenl Residence

Location of Previous Residence

tmportance of GO Transit

Years al Employment Location

Localion of Previous Employment

Il Parking Lot Closed,
How Would Make This Trip
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SCALE IN MILES

GO Rail surveys are conducted on a single midweek day
in November to minimize the effects of special events, va-
cations, and compressed workweeks. The day of the survey
is chosen to correspond to GO Transit’s own count program,
which provides calibration data. Survey cards are distributed
as riders board at Union and other Toronto stations for all
afternoon outbound trains. This has proved to be a better
approach than distributing forms at all 47 GO stations to
collect inbound trip information. More than 80 percent of the
daily outbound trips on the rail system are surveyed with this
method. Boxes were provided at each station to collect com-
pleted responses. A small number of surveys were mailed
back, although no postage was provided.

In the 1989 survey, 17,600 valid responses were collected,
a response rate of 42 percent. Although more responses were
collected for the 1989 survey than in previous years, the re-
sponse rate was slightly lower.

Trip records on survey cards were geocoded using the Uni-
versal Transverse Mercator 6-degree coordinate system. Four
points on each survey card were assigned a geocode: origin,
access station, egress station, and final destination. Each point
was assigned an x-y coordinate, which allows better analysis
of characteristics such as distance between points of an in-
dividual’s trip. Geocoding also provides more flexibility for
geographic analysis, because each set of coordinates can be
aggregated to any zone system.

Survey records were expanded to daily totals by using GO
Transit’s count data, which record boardings and alightings
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for each station by train number. Expansion factors were then
calculated for each egress station, which, when summed, equal
the daily outbound ridership.

ISSUES

Current GO Rail survey data are necessary to understand the
forces affecting the system in recent years. As indicated in
Figure 2, ridership on GO Rail has increased by 20 percent
per year during the study period. Traditional forecast methods
were unable to explain this accelerated growth. Several ques-
tions on the survey were designed to give planners insight
into the characteristics of new GO riders.

A portion of the growth can be attributed to increases in
service levels on some of the rail lines. During the study
period, two of the limited-service lines were upgraded by the
addition of one or two trains in the peak period. An analysis
of the geocoded trip segments for the 1987 and 1989 surveys
enables planners to identify changing trip patterns resulting
from service improvements.

The combination of rapid growth in demand and new ser-
vices raises a number of operational concerns for GO Transit.
By analyzing trip patterns and new demand characteristics,
the operator is able to rationalize parallel and complementary
bus services, plan station size and parking requirements, and
add extra cars to existing consists to meet the higher demand.

A fourth major issue that can be addressed through analysis
of survey data concerns travel demand research. Insight into
trip generation, transit mode split, fare elasticities, and sen-
sitivity to increased service levels can be gained from the
survey data.
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SURVEY RESULTS

Though rail ridership has increased rapidly during the study
period, GO Bus ridership has increased only moderately, ac-
tually dropping during the past year (see Figure 2). Much of
the decline in bus ridership can be attributed to a two-station
extension of the Lakeshore East GO Rail line, which replaced
a bus service. Congestion on the approaches to Toronto has
increased travel times by road and inhibits the use of the GO
Bus system. There appears to be little shift from GO Bus to
GO Rail in most other corridors; only 1.6 percent of new
riders indicate GO Bus as their previous travel mode. The
largest segment of new riders on the rail system indicated that
they did not make the trip at all before their use of GO Rail.
Nearly 50 percent of new riders indicated that they did not
previously make the surveyed trip.

Figure 3 shows growth and current ridership levels for each
GO Rail line between 1981 and 1989. The full-service Lake-
shore lines, which together account for 70 percent of total
ridership, dominate the picture. GO Transit initiated limited
service on the Milton, Bradford, and Stouffville corridors
after 1981.

Growth was evident on all lines between 1981 and 1987.
The largest increases in ridership were on the new Milton and
both Lakeshore lines. The sustained Lakeshore West growth
during a time of increased competition from the new Milton
service is of particular interest. More than 80 percent of rider-
ship growth was concentrated on these same three lines during
the survey period. Most of the growth on Lakeshore East and
Milton can be attributed to either extensions of the line or
added service. The rate of growth on the Lakeshore West
line, however, continued to exceed forecasts. Analysis of data
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collected by the 1989 GO Rail Survey permits a more detailed
study of the forces influencing ridership growth in this cor-
ridor.

Figure 4 shows growth in patronage at individual stations
along the Lakeshore West GO line. The chart shows the effect
of the full-service portion of the line. Oakville is the current
terminus for all-day service and has both the highest passenger

GROWTH 81-87 [} GROWTH 87-89

volumes and egress trip lengths, because GO patrons from
areas further to the west travel there to take advantage of
greater flexibility in travel times. Between 1987 and 1989,
however, Oakville experienced little ridership growth com-
pared with the two stations immediately to its east.

This trend is interesting because these areas of GO growth
are fully developed residentially, and GO Rail market pen-
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FIGURE 4 Growth in patronage at stations on Lakeshore West line, 1981-1989.
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etration was assumed to have matured. Figure 5, which shows
previous trip method by years at residence for all riders at
the Clarkson station who indicated that they had been riding
the GO service for less than 1 year, was extracted from the
survey data to examine this question. The central feature is
the large number of new residents—new riders who did not
previously make this type of trip, which indicates both a higher
rate of residential turnover and greater attractiveness of GO
service than is suggested by the forecasting model. More than
90 percent of riders indicated that the availability of GO Transit
service was very or somewhat important to their choice of
residential location (see Figure 6). Mode shift, particularly
from automobile, suggests another factor that probably influ-
ences ridership. The number of respondents indicating au-
tomobile as a previous trip mode rises as length of time at
current residence increases. This may indicate dissatisfaction
with growing congestion.

Congestion on the road system feeding Toronto has become
increasingly significant in recent years. Total trips across the
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metropolitan border in the peak period (3 hr) have increased
by 12 percent since 1987. GO Rail carried 9 percent of all
trips and 20 percent of the increase in trips over the border
in the peak period. Current cordon counts indicate that GO
Rail has carried more than 100 percent of the increase in trips
to the primary GO Rail market in downtown Toronto since
1987.

Besides investigating growth of ridership on the GO system,
the 1989 survey collected information that can be used to
evaluate other aspects of GO service. Table 2 compares fare
media choices by riders in 1989 with those in 1987. The two
dominant fare types continue to be Monthly Pass and Ten
Ride tickets, which offer discounts of 10 to 20 percent from
the cost of a single fare. The small percentages counted in
the Single and Other fare categories reflect the low proportion
of occasional riders in the average weekday total. As hoped,
introduction of the Twin Pass resulted in a shift to monthly
pass use. Purchases of the Twin Pass have been consistent
with forecasts provided by transportation planners. A series
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TABLE 2 FARE MEDIA CHOICES BY
RIDERS, 1987 AND 1989

%1987 % 1989
MONTHLY PASS 432 36.8
TWIN PASS = 10.3
(TOTAL GO PASS) (43.2) @7.1)
TEN RIDE TICKETS 46.6 43.2
SINGLE FARE 9.7 8.1
OTHER 4 1.2

of fare elasticities, which relied heavily on previous GO sys-
tem surveys, was developed as necessary input to cost-benefit
negotiations between GO and TTC.

Figure 7 shows access mode by distance to Union Station
for 1987 and 1989 for the two major modes. Walk and transit
combined account for 97 percent of all trips to Union Station,
although fewer than one-third of GO riders transfer to the
subway on any given day. The chart clearly shows the 1.5-km
(approximately 1-mi) break point between walk and transit.
The introduction of the Twin Pass was expected to influence
this relationship, but only a slight shift in mode by distance
has occurred.

In addition to affecting access mode and distance, the Twin
Pass program was expected to influence the number of trips
made on transit. Table 3 gives the number of GO and TTC
trips made by riders during a 7-day period using various fare
media. The table indicates little difference from 1987 for all
GO riders, but it is necessary to consider that segment of the
market purchasing the Twin Pass. Twin Pass users have in-
creased their trip making on the TTC portion of the system.
Nearly 35 percent reported that they made more than 10 TTC
trips over a 7-day period, compared with 8.4 percent for all
other fare types.

At the destination, which is in most cases the home end of
the GO Rail trip, automobile is by far the preferred egress
mode. Table 4 gives percentages by egress mode for 1987 and
1989. Because average egress trip length on the system is
approximately 4 km and integrated local transit connections
are available at nearly all stations, it is somewhat surprising

31

TABLE 3 GO AND TTC TRIPS TAKEN
DURING LAST 7 DAYS

% ON GO % ONTTC
NUMBER OF TRIPS 1987 1989 1987 1989
0 0 0 47.7 47.7
1=5 10.3 9.6 23.1 20.3
6-10 77.8 77.7 22.2 21.5
11-15 11.5 121 5.0 6.0
16 PLUS 4 4 1.9 1.2

TABLE 4 EGRESS MODE, 1987 AND 1989

EGRESS MODE % 1987 % 1989
WALK 121 11.6
LOCAL BUS 16.4 15.2
GO BUS 4.2 1.7
DRIVE AND PARK 51.7 56.2
RIDE IN CAR 21 3.6
KISS 'N RIDE 12.6 8.5
OTHER 9 3.2

that use of the automobile continues to grow. Free parking
at all stations has no doubt contributed to this trend but, on
the other hand, has been a major selling point in attracting
commuters from their cars to GO for the major portion of
their trip. As discussed earlier, riders have come to expect
the availability of free parking, to the point where overall
ridership on the system appears to be affected. The decline
in Go Bus as an egress mode is attributable to replacement
of some services by train extensions, but the deterioration in
the share of GO riders using local transit is of more concern.

To explore the relationship between parking and GO ri-
dership, respondents who parked their cars at the station were
asked how they would access the GO system if their usual
parking lot was closed temporarily for resurfacing. Clearly,
the provision of parking is a significant factor; more than 30
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percent of respondents indicated that they would not use the
GO system at all for their trip without it (see Table 5). In-
terestingly, use of carpools and local transit are poorly per-
ceived as trip-making options, though they are probably val-
ued by transportation planners as the best solutions to parking
and congestion problems at and around the stations.

Survey respondents were provided a list and asked fo rank
their top three reasons for using GO Rail. Table 6 gives only
the top-ranked reasons for using GO.

Riders recognize the increasingly prohibitive travel time
and cost of driving to and parking in the core area. The low
captive market for GO reflects the suburban nature of the
service; car ownership is more necessary. Previous GO sur-
veys have also indicated a higher-than-average family income
for the typical GO rider compared with other transit users.

Although a comments area was provided on all previous
GO surveys, 1989 was the first time that rider comments were
grouped, coded, and analyzed. Overall, 55 percent of riders
provided a codable comment. The split into positive, negative,
and suggestion categories was approximately one-third for
each. Table 7 gives the specific comment groupings available
for analysis in the 1989 survey. On the positive side, the
service-related and general complimentary comment types
dominated, with 90 percent of the total. Individual prefer-
ences and personal schedule requirements are evidenced by
the high negative ranking for the service category. Perhaps

TABLE 5 TRAVEL OPTIONS TO GO
STATION IF PARKING LOT CLOSED

TRAVEL OPTIONS TO STATION %
DRIVE TO ANOTHER STATION 27.5
WOULD USE KISS'N RIDE 22,5
DRIVE TO FINAL DESTINATION 7.5
TRANSIT TO FINAL DESTINATION 21.0
GO BUS TO DESTINATION 4.5
CARPQOL TO FINAL DESTINATION 25
USE LOCAL TRANSIT TO STATION 5.0
OTHER 9.5

TABLE 6 TOP-RANKED
REASON FOR USING GO

REASON FOR USING GO %
COST 23.4
RELAXING 20.7
FAST 16.9
CONVENIENT 13.8
NO OTHER MODE 10.5
DIRECT SERVICE 9.2
SAFE 2.9
RELIABLE 2.6
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TABLE 7 COMMENTS BY RIDERS

COMMENT GROUP % POSITIVE % NEGATIVE
SERVICE 50.1 61.3
PARKING LOTS 29 15.0
SERVICE ENVIRONMENT 45 9.8
FARES 21 78
PAY PARKING 0 1.2
GENERAL 40.0 4.9

the most interesting feature of Table 7 is the negative com-
ments directed toward fares and pay parking. The low neg-
ative ranking for GO fares indicates that cost may not be a
major issue for most riders. The number of GO parking lot
complaints reinforces the concerns riders have about this as-
pect of the system.

The number of riders expressing concern about the possible
introduction of some form of pay parking, even though no
pay parking program exists, is of particular significance. Strat-
ified analysis of the coded comments indicated no significant
differences between geographic areas, new and old riders, or
regular versus irregular riders,

SUMMARY

The GO Rail system is an integral component of the GTA
transportation system. During the past decade, and in par-
ticular during the past 2 years, GO Rail has experienced strong
sustained growth in ridership, which has enhanced its role in
facilitating both cross-boundary and GTA travel. Current and
time series data are required to ensure that future priorities
are well placed. Systemwide snapshots of rider and trip-
making characteristics on the GO Rail system, such as the
1989 GO Rail Survey, have proved to be a valuable source
of operational and policy planning data. Analysis of the 1989
survey reflects the type of study that has been completed to
date and demonstrates the flexibility of the data base to re-
spond in a timely manner to topical issues.
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Evaluation of Training Programs in Rail
Transit: Its Role and Status

NaoMmi G. ROTTER AND CLAIRE E. McKNIGHT

The role and status of training evaluation in rail transit are re-
viewed. Three forms of evaluation—process, outcome, and util-
ity—are considered. Training evaluation in a sample of commuter
rail agencies is then examined. Findings indicate that reaction
forms are ubiquitous. One rail agency is attempting to link train-
ing evaluation to performance appraisal for its nonunion em-
ployees. The most sophisticated use of evaluation was found in
a large freight railroad. Barriers to the conduct of more thorough
evaluations are the lack of training staff, nonexistent or outdated
performance standards, and a perception that evaluation is a tool
to justify decisions already made. Needs and job analyses are
recommended for reducing the barriers. Techniques of training
evaluation that could be used in the rail industry are described.
Evaluation can be done at the employee, program, and organi-
zation levels. Evaluation is also discussed as it relates to man-
agement strategy. Advantages include its facilitating detailed
feedback to management, its use for changing training, and its
capacity to build commitment to training among managers. The
relative benefits and drawbacks of educational technologies are
considered.

A 1982 report (1) indicated that organizations in the United
States were spending more than $130 billion annually for
training. Adjustment for inflation would set the figure today
at more than $170 billion. Such a remarkable expenditure
reflects the cost of maintaining a work force that is up-to-date
in its knowledge and skills. The question remains, Is the money
well spent?

Technical training programs are generally initiated to en-
hance employee performance. Whether they meet this goal
can only be ascertained through systematic evaluation. Con-
sidering the amounts spent on training, it is surprising that a
review of programs in both the public and private sectors (2)
indicates that little is known about the results of training.

SCOPE AND FUNCTION OF TRAINING

The rail industry devotes a substantial amount of money to
training at both the technical and managerial level (e.g., a
major U.S. rail carrier reported a budget of $4.6 million for
technical training alone). However, a recent study (McKnight
and Rotter, unpublished data) of commuter rail agencies in
the New York—New Jersey metropolitan region indicated that
several job categories still use on-the-job training that is un-
systematic, fragmented, and unsupervised. To the extent that

N. G. Rotter, New Jersey Institute of Technology, University Heights,
Newark, N.J. 07102. C. E. McKnight, The City College of New York,
New York, N.Y. 10031.

rail agencies rely on such hit-or-miss tactics in their training,
employees cannot be expected to acquire the understanding,
job skills, and work attitudes that make for a productive work
force. Systematic training becomes all the more important
as jobs in the rail industry become more complex, with the
increasing use of electronic and computerized controls in
equipment.

ROLE OF EVALUATION

Evaluation of training to assess its effectiveness and efficiency
is critical. Effectiveness considers improvement in employee
skill level, improvement of the training program, and feed-
back to managers, participants, and training professionals (3).
Efficiency assesses cost-benefit ratios, which are derived by
comparing the dollar value of improved job performance re-
sulting from training with the costs of training.

Assessment of the effectiveness of training can disclose de-
ficiencies that detract from its ability to achieve successful
outcomes. Examples of deficiencies include inaccurate needs
assessment, inappropriate selection of trainees, ineffective de-
livery of the programs, and inability or lack of opportunity
to transfer acquired skills to the workplace (4). An assessment
of the utility of the training program to the organization in-
forms management of the strategic value of training. By at-
taching a dollar value to training, management permits train-
ing to be factored into longer-range plans for achieving
organizational success.

Another benefit is that of conveying a message to man-
agement, other divisions, and the trainees that training is to
be taken seriously (5). For example, the technical training
unit of a large freight railroad demonstrated decreased costs
through a fuel reduction training program. Consequently, up-
per management was convinced of training’s value and moved
the unit from a staff to a line division (McKnight and Rotter,
unpublished data).

TYPES OF EVALUATION

Comprehensive training evaluation incorporates assessment
of both the process and the impact of training. Regardless of
the type of evaluation, the evaluation process requires two
activities: setting standards or criteria for measuring success
and determining the extent to which the training contributes
to achieving that standard (6).
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Process Evaluation

The initial phase of evaluation focuses on issues such as iden-
tification of the type of training that would be most useful in
ameliorating the problem and the group that should receive
the training, whether the training is reaching that group, whether
the course is adequately designed, and whether the training
is being delivered as planned.

One particularly useful technique at this stage is content
evaluation (7). The first step requires that job elements (re-
quired knowledge, skills, and abilities) be identified through
job analysis. Typically, subject-matter experts evaluate the
extent to which the training course contents reflect the job or
skill domain. As an example, the previously mentioned freight
railroad, when designing a welding course, had it evaluated
both by operating departments and by experts in welding.

Such evaluations help ensure that the course is job related.
Results can demonstrate either training deficiencies or train-
ing excesses. Deficiencies result when high-priority training
needs are omitted from the training program; excesses reflect
unwarranted emphasis relative to the training need. Both re-
quire refinement of the course.

Process evaluation includes program monitoring to deter-
mine which group needs the training and follows through to
see that the group in fact receives the training. The first ob-
jective requires employee diagnosis. This can be accomplished
through employee testing, performance appraisal, or super-
visory observation. The second objective requires goals for
supcrvisors that tie their evaluations to their effectiveness in
getting the requisite training for their employees.

QOutcome Evaluation

The second phase of evaluation assesses the impact of train-
ing. This aspect of evaluation seeks to determine whether
learning took place. Do the trainees know more at the end
of training than they did at the beginning? Another critical
aspect of evaluation deals with changes in behavior. Is the
newly acquired knowledge or skill used on the job?

The issues of learning and change in job behavior suggest
the need to evaluate at various times during the training pro-
gram and to follow through with evaluation when back on
the job. Whereas learning can be readily assessed through
conventional pre- and posttest measures, behavior changes
are more of a challenge to assess. Failure to use the training
back on the job could result from its being unrelated to the
job or ineffective or from a lack of opportunity to practice
newly acquired skills. All merit investigation. Those tactics
frequently used (§) to evaluate changes in employee behavior
include certification, licensing, and master job performance.
Other tactics, discussed later, involve microsampling, coutrol
group comparison, critical incidents, and outlier assessment.

Utility of Training

Whereas the immediate outcome to be assessed is some change
in behavior, there is little justification for the costs of training
unless it has increased productivity or reduced costs. This
aspect of evaluation examines productivity and financial data.
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STATE OF EVALUATION IN A SAMPLE OF
COMMUTER RAIL AGENCIES

Reaction Sheets

A recent survey (McKnight and Rotter, unpublished data) of
training at commuter rail agencies in the New York—-New
Jersey metropolitan area indicated the pervasive use of re-
action forms to evaluate training. Although trainees are in a
good position to answer questions about the presentation, too
frequently reaction forms ask questions that trainees have
little background to answer.

Dixon (9) details three problems that frequently result from
the use of reaction forms: an increased focus on the enter-
tainment value of the course, instructional design decisions
based on inadequate information, and reinforcement of the
notion of training as passive. To the extent that reaction forms
focus on the instructor, instructors change their behavior to
enhance their ratings. Because high ratings are linked to fac-
tors such as the instructor’s being personable and the energy
level in the class, the entertainment aspect of a course is
amplified. Reaction forms that fail to ask critical questions or
that ask questions that cannot be adequately answered by
participants become deficient data bases for the construction
of design decisions. Finally, the focus on the instructor rein-
forces the perception that learning is a passive rather than an
active process. Despite the shortcomings of reaction forms,
other systematic Lechniques were typically not contemplated
by the training departments of the surveyed commuter rail
agencies.

Supervisory Observation

Most training departments had contact with management in
the operating departments. This contact, though used infor-
mally and unsystematically, provided feedback to the training
department on the training courses and suggestions about
courses that would be needed in the future. However, su-
pervisory observation as a source of evaluation falls short on
many counts. It is not solicited in any systematic fashion and
is subject to distortions and biases.

Linkage to Performance Appraisal

Nonunionized employees at the commuter rail agencies were
evaluated regularly with performance appraisals. These forms
typically allowed for suggestions for performance improve-
ment. One of the surveyed agencies designed its appraisal
form so that suggested courses could be noted. This agency
was experimenting with a plan to tie future appraisals to for-
mer notations of recommended courses. That is, when a su-
pervisor suggested a specific course for the employee, the
next appraisal would note whether the course had been taken
and if improvement had been derived from the course. Other
agencies, when asked about this practice, reported that it was
not done and that there were no plans for linking performance
appraisal to courses taken. Whereas this coupling of training
and performance appraisal makes course evaluation more sys-
tematic, it is limited to nonunion employees. Moreover, with-
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out feedback to the training department, the evaluation will
not provide a corrective function.

Behavioral Performance Measures

In addition to commuter rail agencies, one large freight rail-
road was included in the survey. Its training department re-
ported that it evaluated courses in several ways. It too used
reaction forms for all courses, but new courses are evaluated
for a number of months with pre- and posttests of knowledge
and skills. Generally, these tests indicate a 50 to 60 percent
improvement in knowledge and skills. New courses are also
evaluated with follow-through interviews of supervisors and
trainees about 6 months after trainees finish the course. After
this initial phase, only reaction forms are used systematically,
with occasional questionnaires sent to supervisors.

In two instances, this training department used behavioral
indicators. One involved a training program (referred to pre-
viously) to reduce fuel consumption. This lent itself well to
evaluation in terms of measurable changes and, in fact, fuel
consumption was reduced more than 10 percent. In another
instance, a needs analysis indicated that only 100 of 840 lo-
comotive electricians were qualified as electricians. More-
over, locomotives had 28 mean days before failure. With the
institution of the new training program for electricians, the
mean time to failure increased to 78 days.

This technical training department is currently working on
an intelligent system for troubleshooting on air brakes. Tech-
nicians will be trained to use this artificial intelligence system
on lap-top computers. The director of training noted that, too
frequently, wheels are changed when the real problem is in
the brakes. By training mechanics to use this newly developed
system, saving in parts should be realized. The value of per-
formance indicators as a measure of training lies in the ease
with which they can be transformed into measures of effi-
ciency and in management’s ready comprehension of the value
of training.

BARRIERS TO EVALUATION
Staff Size

The training departments in the five commuter rail agencies
consisted of a director and some support staff. Most of the
technical training relied on staff from the operating depart-
ments. For example, operating examiners might be in charge
of locomotive engineer training, and supervisory staff might
be responsible for training in the maintenance departments.
Because of the small size of the training departments, course
development and implementation take the lion’s share of time,
leaving time only for reaction forms. The freight railroad was
the only organization surveyed that had centralized technical
training and a large training staff (35 people). Given this
commitment to training, it is not surprising that this organi-
zation had the most sophisticated evaluation process.

Lack of Performance Standard

Evaluation is based on the notion that measurable change
takes place. Failure to specify a way to measure the change
and how much change is needed renders evaluation impos-
sible. A problem underlying failure to specify performance
standards is lack of comprehensive, current job analyses. The
data yielded from a job analysis would indicate not only the
skills and knowledge needed to accomplish a task but also
the mastery levels needed to accomplish the task effectively.

Evaluation as a Political Issue

In some cases evaluation may be perceived as a political issue
that is used either to further some department’s agenda or to
eliminate programs that are considered frivolous. This per-
ception presupposes that a decision has already been made
and that the evaluation is a way to justify the decision. This
misuse of evaluation is more likely when evaluation is an
afterthought and not an integral part of the training program.
Another situation that lends itself to evaluation as justification
occurs when pilot testing is neglected. Money and time are
committed before the program has been evaluated on a small
scale to ascertain whether objectives are being met. Com-
mitment escalates with time and money spent so that pressures
for justification become enormous. Situations like this can
threaten the integrity of the evaluation process.

CLEARING THE HURDLES OF EVALUATION
Evaluation and Needs Analysis

Evaluation should be considered at the beginning of training
development, and this should begin with periodic assessment
of instructional needs. The needs assessment sets the plan for
developing training programs that are useful to the organi-
zation rather than those that are the latest fad. In rail agencies,
for example, organizational analysis would consider planned
strategic changes that require new skills and knowledge in the
work force. The changes may emanate from technology, reg-
ulatory legislation, or competitive demands in the environ-
ment. In some instances the change might better be met by
revisions in the selection of personnel or by redesign of work.

Using Needs Analysis To Build Commitment

If one of the barriers to evaluation is a suspicion that it is a
tool for justification, commitment to evaluation can be built
during the needs assessment. By incorporating the critical
groups into the needs analysis, would-be critics can become
stakeholders. Thus, unions that might be opposed to the as-
sessment process should be brought in early. The survey of
training and operating departments described here indicated
that unions were generally supportive of training programs
but less supportive of testing. Collaboration with unions to
define instructional needs and establishment of criteria for
evaluation can avoid resistance later in the process. Similarly,
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top management can increase commitment to the training
program if it is involved in the setting of broad strategic needs.

Development of Criteria

The criteria should derive from the instructional needs as-
sessment. Mager (10) proposes that the criteria describe be-
haviors that demonstrate the desired skill, conditions under
which the trainee will perform, and the lowest limit of ac-
ceptable performance. Evaluation should be done at various
points in a training program: at the end of classroom instruc-
tion, at the end of the on-the-job component, and later on
the job itself. Obviously, different standards appropriate to
the various stages must be formulated.

The criteria themselves should be evaluated to ensure that
they meet tests of reliability and validity. Typically, they are
selected on the basis of relevance, completeness, and lack of
contamination. Relevance means that the criterion consists
of components that are similar to those required to succeed
in the job. Completeness considers the extent to which the
criterion lacks components found in the job. Contamination
deals with elements in the criterion that are unrelated to per-
formance in the job.

Two major groupings of criteria should be considered in
designing evaluation: criterion-referenced and norm-referenced
measures. Criterion-referenced measures compare an indi-
vidual’s performance with a standard of achievement. Indus-
try standards provide criterion-referenced measures. Accord-
ing to Goldstein (6), these are less commonly used in industrial
training settings. Norm-referenced measures compare the
performance of one trainee with that of others or to norms
that have been developed on broader samples, but they say
little about the level of skill.

MANAGEMENT AND TRAINING CONCERNS

Goldstein (0) describes three complaints that reflect concerns
from those involved in training. The trainee’s complaint con-
cerns trainees who complete a training program and whose
scores on pre- and posttests indicate improvement but who
lose their jobs because of inability to perform the work. The
trainer’s complaint concerns a well-planned, well-implemented
training program whose trainees are not permitted to perform
their jobs as they were trained. Management's complaint con-
cerns money spent on a training program that worked well
for the competition but fails to work for the organization in
question.

Each of these complaints reflects problems with the manner
in which the criterion was selected. From management’s per-
spective, the ultimate measure of success is dollars resulting
from savings or increased productivity. However, a training
program that saves money for the competition may not meet
the needs of a particular organization because of differences
in the work force, work design, methods, or delivery of the
program. Though basic skills can be taught with generic pro-
grams, technical skills likely to be needed in rail transportation
require more tailored instruction.

The trainee and trainer complaints also suggest criterion
problems. If trainees complete a training program but still

TRANSPORTATION RESEARCH RECORD 1308

cannot do the job, it is time to look at the job. Has the job
changed since the initiation of the program? Has the work
force changed substantially since the inception of the training
program? Are jobs now held by groups who are deficient in
areas required for success on the job? From the trainer’s
perspective, an additional problem is suggested. If trainees
are trained in a method that is not used on the job, then
“going by the book” and actual practice must be examined.
The problem certainly points to the need for more current
job and person analyses.

EVALUATION TACTICS

Kirkpatrick (/1) has suggested four levels of evaluation: re-
action, learning, behavior, and results. Each assesses different
aspects of the training process and outcomes. Reaction is
mostly related to the training process and gauges the recep-
tivity of trainees to the program and the atmosphere in which
the training was delivered. Learning, too, can be a process
measure in which the course itself is assessed with an eye
toward revising it to establish more effective training. Learn-
ing, however, can be an outcome measure in which the trainee
is tested on the knowledge and skills acquired. Behavior refers
to a measurement of job performance. Kirkpatrick (17) notes
that just as a good rating on reaction forms does not guarantee
that learning takes place, excellent performance on the train-
ing tasks does not ensure that the training will affect the way
the job is performed. Finally, results relate to the way the
training programs affect overall organizational objectives. These
utility measures allo'v translation of outcomes to figures that
permit comparisons between ways of training, between formal
and informal training, and so forth.

Employee-Centered Evaluation

This level of evaluation examines the impact of training on
the individual. Learning can be assessed by comparing knowl-
edge and skills before and after training. Though an experi-
mental design using control groups yields the most convincing
data on the effects of training, situations in industry often
preclude use of such controls. A more flexible approach to
evaluation is a quasi-experimental design that depends on
several pretest measures before introduction of the training
program. Commuter rail training programs that had appren-
ticeships regularly tested the trainees on knowledge. Fur-
thermore, FRA-mandated testing could also serve as an eval-
uation check by linking performance on FRA tests with training
performance.

Besides evaluating performance at the end of training, an
on-the-job evaluation is essential to gauge whether the ac-
quired skills have been transferred to the job. The difficulty
is that most jobs covered by unions do not have systematic
performance appraisal. As a surrogate measure, an obser-
vation form might be developed for supervisors to complete,
or employees themselves might be trained to track ways that
training has been used in their jobs through the critical in-
cident technique.

The most promising method, however, of checking on the
transfer of skills is by using simulators. Long used in aviation,
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simulators are just beginning to work their way into loco-
motive engineer training. They give detailed performance in-
dicators in varied simulated work situations. Simulated work
situations are also being created for dispatchers’ jobs. The
use of models is related to simulations. The technical training
department of the surveyed freight railroad has replicated
portions of its line to scale. This allows it to simulate various
types of signal failure and observe trainees’ troubleshooting
skills. As more skills are moved from on-the-job training to
systematic training, it will become possible to evaluate train-
ing performance in greater detail. Underlying all attempts to
assess performance is the development of clear-cut perfor-
mance standards for the job in question.

Focus on Course and Program

To evaluate the effectiveness of a training course or program,
one needs to shift the focus from the individual to the group
level. Some evaluations will be aggregated individual scores
that indicate how the group is doing on the average; others
may be organizational indicators that consider time to com-
plete tasks and quality of the work done or that compare this
course or program with alternative training.

An intriguing technique for evaluating training that can be
applied from medical evaluation is microsampling. In medical
microsampling, two doctors review a sample of patient charts
to identify problems in patient care. This technique could be
applied to car repair and inspection units, in which a sample
of repaired or maintained cars or engines could be inspected
for problems. If problems are identified, procedures for so-
lutions can be determined, and later reaudits would determine
whether the problem has been eliminated.

Another technique from the medical profession is outlier
analysis. Outliers are patients whose hospital stays deviate
from the norm for that diagnosis. This technique presupposes
a good data base that provides normative data. With the
proliferation of computers in every area, building such data
bases is not unreasonable.

Outlier analysis lends itself to comparisons between and
within rail organizations. For use within an organization to
evaluate car repair and maintenance, time to failure would
be a good index. Use of maintenance information systems for
equipment would permit analysis of stock with longer or shorter
than the average time to failure. If information is available
from other rail lines, between-organization comparisons could
be made. Though differences in age of equipment, amount
and type of use, and environmental factors detract from direct
comparison, they could be taken into consideration and han-
dled through statistical control.

Outlier analysis can be applied to other areas of rail op-
eration as well. It is useful for analysis of customer complaints,
accidents, on-time performance, ridership, fuel consumption,
and so forth.

Focus on Organization
In most areas of organizations, requests for new equipment

or an increase in personnel are accompanied by projections
of increased productivity or decreased costs. In human re-
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sources, however, the translation of program benefits into
dollars is a new phenomenon. Utility analysis concerns de-
tailing the cost of all the factors in training and comparing it
with the cost of on-the-job training. To accomplish this, the
organization must know the amount of time it takes both
trained and untrained workers to reach a standard of per-
formance, the difference in performance between the average
trained and untrained worker, and the costs of training for
the trainee, the trainer, and the facilities. Cascio (/2) has
worked out formulas that transform this information into
monetary factors. Though it is difficult to assign monetary
values, failure to do so, Cascio warns, will cause training to
be seen only in terms of costs.

EVALUATION AS MANAGEMENT STRATEGY

Despite the increased availability of decision support systems
and intelligent systems to aid in decision making, decisions
concerning training continue to be based more often on in-
tuition, hunches, and tributes. Money is spent on courses
because they have good marketing rather than good content.
Questions concerning demonstrated payback are rarely asked.

Detailed Feedback

One advantage of evaluation derives from the development
of performance measures, which, in turn, derive from job
analysis. Development of these documents will require close
attention to the nature of the jobs, how they have changed,
and how they can be assessed. The availability of performance
measures will give management a keener sense of how job
behaviors relate to unit performance. The ability to evaluate
performance should permit managers to identify problems
early and recommend specific training or remediation for those
with substandard performance.

Change Training

Whereas training is increasing across industries and rail is no
exception, an irony emerges in that training is becoming bu-
reaucratized (/3). It is most often administered separately
from line operations. Among the five commuter rail agencies
surveyed (McKnight and Rotter, unpublished data), the most
common location is in the personnel or human resources di-
vision. In several agencies, technical and managerial training
are housed in separate units. In the large freight rail line,
technical training is part of the operations department, and
managerial training is part of the human resources depart-
ment. Technical training had been moved into the operations
department after its value had been demonstrated in a pro-
gram designed to reduce fuel consumption. Separation from
operating divisions has obvious advantages: it fosters consid-
eration of long-range training goals and promotes an atmos-
phere that is different from the daily pressures of work on
the line. However, separation makes training vulnerable to
the risk that it will not be responsive to operations needs.
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Educational Technologies

The professionalization of training is leading to an increase
in computer-based instruction, particularly interactive video-
disc, in which a videodisc player is interfaced with a computer.
The courseware combines text and graphics on a floppy disk
with high-quality visual and audio on the videodisc. The pre-
sentation is controlled by the program and by the student,
who enters responses (input) through the computer keyboard.
Touch-sensitive screens provide another source of input.

Advantages and Disadvantages of Videodisc
Technology

Interactive videodisc technology incorporates the best fea-
tures of computer-based instruction, such as individualized
pace of instruction, active learning mode, and immediate
feedback. Students can see the outcomes of various decisions
and, through the flow of the presentation, understand the
consequences of their choices. It further incorporates evalu-
ation into the learning proccss, because the computer keeps
track of the students’ choices and provides a record both to
the students and the trainer.

Professionalization of training could lead to a proliferation
of packaged training programs. Such packaged programs may
meet the need for basic skills in various technical areas, but
they do not meet the need for training on specialized equip-
ment. Large railroads can afford to develop custom-crafted
training programs using the latest in education technology,
but smaller railroads face greater difficulties. Once educa-
tional developers have generated programs for larger rail-
roads, they may promote these programs to smaller railroads.
Use of interactive videodisc could be especially appealing to
smaller railroads, because it would permit fairly sophisticated
technical training programs without maintenance of a large
training staff. However, if such training programs do not meet
specific needs, they will not result in the expected improve-
ments in performance. Systematic evaluation programs aid in
avoiding such mistakes.

Building Commitment to Training

Systematic evaluation can build and enhance managers’ com-
mitment to training by including them in the process of eval-
uation (/4). Managers have a stake in both the outcome and
the development of training. If training is to be needs- or
user-driven, so must evaluation. Consequently, managers
should participate in all phases of training, from needs as
sessment to course development to evaluation. If the starting
point for change in a training program is evaluation, managers
should be part of the groups that produce the objectives and
criteria against which training will be evaluated. Their other
major role is that of evaluators who assess the extent to which
training has improved job performance.

The evaluation should be sensitive to the questions man-
agers have concerning training and should be presented in a
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usetul time frame and manner. Presentation of evaluation
findings in a timely and intelligible way will enhance their use
by managers in making decisions concerning the place of train-
ing in long-range plans for the agency.

SUMMARY

The role and status of training evaluation in rail transit were
reviewed. Three forms of evaluation—process, outcome, and
utility—were considered. Training evaluation in a sample of
commuter rail agencies was examined. Findings indicate that
reaction forms are ubiquitous. One rail agency is attempting
to link training evaluation to performance appraisal for its
nonunion employees. The most sophisticated use of evalua-
tion was found in a large freight railroad.

Barriers to the conduct of more thorough evaluations are
the lack of training staff, nonexistent or outdated performance
standards, and a perception that evaluation is a tool to justify
decisions already made. Needs and job analyses were rec-
ommended for reducing the barriers.

Techniques of training evaluation that could be used in the
rail industry were described. Evaluation can be done at the
employee, program, and organization levels. Evaluation was
also discussed as it relates to management strategy. Advan-
tages include facilitation of detailed feedback to management,
its usc for changing training, and its capacity to build com-
mitment to training among managers. The relative benefits
and drawbacks of educational technologies were considered.
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Methodology for Evaluating
Out-of-Direction Bus Route

Segments

WiLLiaAM WELCH, RusseLL CHISHOLM, DAVID SCHUMACHER, AND

SuBHASH R. MUNDLE

Out-of-direction (OOD) travel is a deviation from the main line
of a fixed-route bus service. Deviations can help improve acces-
sibility to potential riders along the OOD segment, but they can
also lead to loss of through riders because of increased travel
time. This is especially true of discretionary riders, for whom
travel time is important in the decision to use transit. The issue
is how to objectively evaluate the trade-off between increased
accessibility and impact on through riders. The San Diego Met-
ropolitan Transit Development Board contracted with Crain and
Associates to develop a formal methodology for evaluating OOD
segments. The development of the methodology is discussed, and
examples of how it works are provided.

Out-of-direction (OOD) travel is defined as a deviation from
the main line of a fixed-route bus service (see Figure 1). An
OOD segment is the portion of the route that deviates. OOD
segments improve accessibility to areas off the main line,
benefiting riders who wish to travel to or from places along
the OOD segment. Such deviations generally cause higher
operating costs and inconvenience to through riders (passen-
gers already on the bus who do not alight along the OOD
segment) as a result of longer travel times.

Implementation of OOD segments may provide better ac-
cess to persons along the segment, but it may also lead to the
loss of through riders. On routes with a high volume of through
riders, deviations from the main travel path may deter rider-
ship and may prevent the discretionary rider, for whom travel
time is an important consideration, from choosing to use transit.
OOD travel complicates bus routings for the user, which is a
further disincentive to the use of transit. A cost/benefit anal-
ysis of an OOD segment, therefore, must assess the trade-off
between accessibility and the effect on through ridership. The
question is how to objectively evaluate this trade-off.

The San Diego Metropolitan Transit Development Board
(MTDB) recently hired Crain and Associates, a consulting
firm, to develop a formal methodology for assessing OOD
segments. MTDB staff will apply the methodology to existing
deviations and future requests for such deviations. The de-
velopment of the methodology and how MTDB will use it for
route evaluation are discussed.

W. Welch, Crain and Associates, 120 Santa Margarita, Menlo Park,
Calif. 94075. R. Chisholm, Chisholm and Associates, 120 Santa Mar-
garita, Menlo Park, Calif. 94075. D. Schumacher, San Diego Met-
ropolitan Transit Development Board, 1255 Imperial Ave., Suite
1000, San Diego, Calif. 92101. S. R. Mundle, Mundle and Associates,
1700 Sansom St., Suite 601, Philadelphia, Pa. 19103.

DESCRIPTION OF MTDB

MTDB was created in 1975 to plan and construct transit guide-
way facilities in the southern urban portion of San Diego
County. MTDB is also the policy-setting and coordinating
agency for all transit services and facilities in its jurisdiction.

MTDB is an independent agency governed by a board of
directors, whose 15 members include representatives of the
various local jurisdictions and the county and one represent-
ative appointed by the governor of California. The two largest
operators in the region, San Diego Transit Corporation (SDTC)
and San Diego Trolley, Inc. (SDTI), are wholly owned sub-
sidiaries of MTDB.

Complementing SDTC and SDTI in providing fixed-route
services in the MTDB area are Chula Vista Transit, National
City Transit, San Diego County Transit System, and contract
operators. Whereas these other operators are separate enti-
ties, all fixed-route operators are part of the Metropolitan
Transit System (MTS). MTS was designed to provide a unified
transit system to the public. The MTS logo is displayed on
all transit vehicles, public timetables, and information bro-
chures so that the user is aware that a coordinated route, fare,
transfer, and information system is available.

SDTC, which has 100,000 daily riders on 31 routes and is
the region’s largest carrier, was the focus of the OOD meth-
odology development. Its routes serve 1.6 million people over
a 390-mi? area.

BACKGROUND OF THE SAN DIEGO
EXPERIENCE

Topography and land use patterns are often at odds with
providing convenient, easily accessed transit service. The
MTDB service area is made up of many canyons and mesas,
which have led to circuitous street patterns and to the location
of many neighborhood and commercial areas off main arte-
rials. Combined with this is the growing suburban nature of
much of San Diego’s development, with low-density land uses
and “walled-in” neighborhood designs. The result is that many
areas are not within a convenient walking distance of the
major arterials, where bus routes would normally operate.
Not surprisingly, MTDB and SDTC receive numerous pas-
senger requests to deviate a bus route to neighborhoods and
areas where commerce, employment, and institutions are con-
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Out-OF-Direction Segment

Direct

4—Main Line —p{¢—— Royte —»|¢——Main Line—>
Segment
‘ Through Travel ’

FIGURE 1 OOD segment.

centrated. Many such changes have been implemented. Over
time, the result has been that some routes have developed up
to five OOD segments.

Recent MTDB direction has been to discourage additional
route deviations and to eliminate some existing OOD seg-
ments. These actions have been taken to improve operating
efficiency and encourage more through ridership. As in many
other transit systems, the problem has been the lack of a
formal methodology for evaluating OOD segments. To rem-
edy this situation, MTDB hired Crain and Associates to de-
velop such a methodology. The goal was to incorporate the
methodology into a formal MTDB policy that would guide
MTDB in evaluating existing and proposed OOD segments.

METHODOLOGY

Any OOD segment, whether existing or proposed, should be
evaluated by an objective set of criteria. The evaluation method
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presented here consists of three steps for existing OOD seg-
ments (see Figure 2):

1. Rate OOD segments on the basis of time delay to through
passengers.

2. Determine whether not operating an OOD segment could
save bus operator resources.

3. Analyze the operating cost and productivity of the OOD
segment and consider qualitative factors that may influence
the decision to retain or discontinue the segment.

For a proposed OOD segment, the goal is to assess whether
the potential OOD ridership would justify its addition. The
time delay formula developed as part of Step 1 would be used
in the determination.

Step 1—OOD Impact Index
Index Formula

The first step in the analysis is to measure the trade-off be-
tween the time-inconvenience of OOD deviations to through
passengers and the benefit of the deviation to OOD riders.
The trade-off is a function of the number of through passen-
gers, the additional time for the OOD segment, and the num-
ber of passengers served by the segment. An OOD impact
index measures the trade-oft in this relationship. The index
is a measure of the extra travel time that through passengers
face for each OOD passenger served. It is equal to the ratio
of through riders to OOD riders multiplied by the additional
travel time:

Step 1
REVIEW IMPACT
INDEX
Y , v
Between
Less than 5 5and 14.9 15 or Greater
‘ Step 2 ¢ ‘
REVIEW DISCONTINUE
RETAN RESOURCE NEEDS OR MODIFY
No Resource
Resource Savings Savings
Step 3 * 4
REVIEW OPERAIING DISCONTINUE
COST, EFFECTIVENESS, AND OR MODIFY

QUALITATIVE FACTORS

|

v

v

RETAIN

DISCONTINUE OR
MODIFY

FIGURE 2 OOD travel analysis methodology.
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OOD impact index
= (through ridership X OOD travel time)/OOD ridership

where

OOD impact index = a weighted measure of time ex-
pressed in minutes,

through ridership = the difference between the number
of passengers on the bus before the
OOD segment and the number of
passengers alighting on the OOD
segment,

OOD travel time = the net increase in travel time re-
quired to operate the OOD segment
rather than the direct alignment, and

OOD ridership = all boardings and alightings on the
OOD segment beyond 0.25 mi from
the main line. Passengers boarding
and alighting within 0.25 mi of the
main line are considered to be served
by that line, with or without the
OOD segment.

The following are examples of the index.

Consider an OOD route segment midway in a route that
adds 4 min of travel time. One hundred passengers board and
alight the bus on the OOD segment each day, and 500 pas-
sengers travel through the segment to reach points on either
side. The OOD impact index for this segment is calculated
as follows:

OOD impact index

= (500 passengers X 4 min)/100 passengers = 20 min

An index value of 20 min is high, representing a significant
inconvenience to through passengers. The index may be more
clearly understood if it is viewed as through-passenger delay
per unit of OOD level of activity. Through-passenger delay
is high at 2,000 passenger-min in this example, and OOD
activity is low at 100 passengers. Consequently, much delay
to through passengers is being caused to provide service to a
few OOD passengers.

Consider another OOD segment of similar length in which
through ridership is 100 and OOD activity is 200. This segment
might be near the route’s terminal, where ridership is rela-
tively light. However, the OOD segment itself is highly pro-
ductive, with 100 boardings and 100 alightings daily, for a
total of 200 passengers. The OOD impact index is calculated
as follows:

OOD impact index

= (100 passengers X 4 min)/200 passengers = 2 min

The index value for this segment is low, as indicated by the
minimal inconvenience caused to through passengers relative
to passenger activity on the segment.

The OOD impact index is valuable in part because it pro-
vides a quantitative reflection of passenger perceptions. A
long detour through a neighborhood where few passengers
board or alight is likely to be perceived more keenly than a
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detour through a neighborhood where boarding and alighting
activity is intense.

High OOD impact indexes are likely to be found (a) where
through ridership is high and OOD activity is low and (b)
where through ridership is high and a lengthy route detour is
required. Low indexes are likely to be found (a) in an OOD
segment requiring little travel time where OOD passenger
activity is moderate and through ridership is modest and (b)
in a highly productive OOD segment serving a major activity
center, such as a trolley station or employment complex, lo-
cated a short distance from the route.

Interpretation of Index Values

The OOD impact formula used here was taken from the for-
mula used by the Tri-County Metropolitan Transit District
(Tri-Met) in Portland, Oregon. Other transit agencies in the
United States and Canada reportedly have similar measures.
Tri-Met uses the equation to help it determine whether to
operate an OOD deviation. If the index value is greater than
5, the deviation will generally not be operated unless there
are mitigating circumstances. This limit was chosen by Tri-
Met as the maximum delay to which through passengers should
be subjected under normal circumstances.

The Tri-Met guidelines and field testing conducted during
the study suggested three groupings of the OOD index for
MTDB:

® Anindex value between 0 and 4.9 indicates that the num-
ber of OOD passengers is large compared with the number
of through passengers, or that the diversion time is small, or
both. Segments with indexes in this range are not likely to
deter through ridership.

® An index value between 5 and 14.9 indicates some in-
convenience to through passengers that may affect through
ridership.

e An index value of 15.0 or above indicates that the OOD
deviation is inconvenient to through passengers and has an
adverse impact on through ridership.

The upper range values were not established by quantitative
analysis. It was believed that a general range of values should
exist in which factors other than the OOD impact index in-
fluence the decision to retain or delete an OOD segment.
The 5-to-14.9 range and Steps 2 and 3 of the process, discussed
later, are used. The value 15 was chosen as the cutoff point
that clearly indicates unacceptability.

Existing OOD Segments For existing OOD segments, the
OOD impact index is a good indicator of the acceptability
of an OOD deviation to through passengers. Continued ser-
vice for segments with indexes below 5 is probably well jus-
tified, and segments with indexes of 15 or more should be
discontinued. In the 5.0-to-14.9 range, other factors, such as
resource needs, operating costs, service effectiveness, and
qualitative factors, should be considered in making the de-
termination. These factors are addressed in Steps 2 and 3.
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New OOD Segments During the evaluation of a new OOD
segment, potential ridership on the segment is unknown. In
this case, the OOD impact index formula is used to determine
how much ridership is required to justify implementation. An
OOD impact index value of 4.9 represents the upper limit for
a segment that clearly does not deter through ridership, so
the formula for determining that ridership level is

OOD ridership needed
= (through ridership * OOD travel time)/4.9

If such a level of OOD ridership can reasonably be expected,
the OOD segment should be considered for implementation.

Step 2—Resource Needs

A review of resource needs is the second step in the OOD
evaluation process. Transit routes require a certain number
of vehicles and operators to provide service. SDTC estimates
that saving one vehicle operator translates into average annual
labor cost savings of $45,000. The resource savings are cal-
culated by determining the route running time with and with-
out the OOD segment and then determining whether the
running time saving is sufficient to reduce the bus operator
requirement.

Bus operator reductions are likely under three circumstances:

1. Single lengthy OOD segments,

2. Several OOD segments on the same route where the
combined running time saving results in a reduction of re-
sources, and

3. OOD segments on routes with recovery times in excess
of the 7 min required by SDTC’s labor agreement.

Lengthy OOD segments can produce an operator saving if
the extra running time is equivalent to the headway between
buses. For example, an 8-min OOD segment could save one
bus if the route operates 15-min headways, because the 8-min
impact occurs twice per round trip. In practice, such OOD
segments are unlikely to occur, and if they do, they are likely
to have a high impact index, which would eliminate them in
the first step of the evaluation process. However, scveral
routes have more than one OOD segment. The combined
travel time penalty of several segments may be equivalent to
a running time saving that allows a reduction of one or more
bus operators.

Routes with excess recovery time provide another oppor-
tunity to save resources. Excess recovery time is the extra
time at the end of each bus trip that is not required for driver
layover or other operating needs. Currently, SDTC requires
7 min of recovery time at each terminal. Most routes have
extra time, because vehicle requirements are based on a step-
wise progression that adds an operator if the overall running
time exceeds an even multiple of the headway. There is an
opportunity for saving resources when the excess recovery
time is high in relation to the route headway. In such cases
the time saved by not operating an OOD segment, combined
with excess recovery time, may reduce resources. For ex-
ample, a route with a round-trip running time of 185 min
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(including required recovery time) and service at 30-min in-
tervals would require seven vehicles. If 5 min per round-trip
could be saved by not operating an OOD segment, running
time would be reduced to 180 min, requiring only six vehicles
to operate the route.

In many situations the time saved is not sufficient to reduce
the number of bus operators. However, the cumulative effect
of discontinuing multipte OOD segments may be that suffi-
cient time is saved to reduce the bus operator requirement.
In addition, even a small time saving may provide a margin
that can be used to improve on-time performance, schedule
timed transfers, or extend the route. These qualitative ben-
efits are considered in Step 3.

The purposc of Step 2 is to determine whether there are
resource savings associated with the OOD segment. If re-
sources can be saved, the segment should be considered for
discontinuance or modification. If resources cannot be saved,
the analysis proceeds to Step 3.

Step 3— Cost, Effectiveness, and Qualitative Factors

A revicw of operating cost, effectiveness, and qualitative fac-
tors of OOD segments is the third step in the evaluation
process. OOD segments that have an impact index between
5.0 and 14.9 and cannot yield resource savings would be eval-
uated according to these criteria. The purpose of this step is
to determine the savings in operating cost that can be achieved
by discontinuing the OOD segment and whether a routc is
more or less productive without the segment. The indicator
of productivity used for this analysis is the number of boarding
passengers per revenue mile (PPM). The measure is calcu-
lated at the route level rather than for the OOD segment.
Route-level calculation of productivity has advantages and a
disadvantage. The advantages are as follows:

® The combined effect of multiple OOD segments can be
easily calculated because the passengers and miles data base
is common to all segments.

@ Point deviations (in which a route deviates from and re-
turns to the main line at the same location) can be measured.
It is impractical to measure productivity at the OOD level for
a point deviation OOD segment because the direct-route mile-
age is zero.

® New ridership produced by travel time reductions is meas-
ured at the route level because it originates at many points
along the route, not just on the OOD segment.

The disadvantage of calculating productivity at the route
level is that OOD passengers and miles may be small com-
pared with route passengers and miles, and a change in pro-
ductivity that is significant at the OOD level may appear
insignificant at the route level. As long as this limitation is
understood, the advantages of route-level calculation of pro-
ductivity make it preferable to OOD-level calculation.

Operating Cost

SDTC annual operating costs by route were used to establish
the existing cost of each route. The operating cost of the route
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without the OOD segment was determined by calculating the
annual operating miles saved and multiplying the value by the
marginal operating cost. Marginal operating cost is the cost
related exclusively to miles operated: fuel, lubricants, tires,
and maintenance. SDTC currently estimates the marginal cost
to be $0.50/mi.

Effectiveness

Effectiveness was assessed by measuring route productivity
with and without the OOD segment. PPM was selected as
the effectiveness indicator for the following reasons: (a) rev-
enue miles will change with the discontinuance of any OOD
segment, whereas revenue hours will generally change only
if there are resource savings; and (b) running times generally
vary throughout the day, depending on traffic and demand,
which complicates measurement of the indicator.

The formulas for measuring productivity (PPM) for the
OOD segment and direct alignments are as follows:

PPM (with OOD) = (OOD segment existing annual
boarding passengers) + (annual reve-
nue miles for OOD segment)

PPM (without OOD) = (existing route annual boarding
passengers — OOD segment an-
nual boarding passengers + direct
routing annual boarding passen-
gers + through riders added an-
nually because of travel time sav-
ings) -+ (existing route annual
revenue miles — OOD segment
annual revenue miles + direct
routing annual revenue miles)

Passengers Passenger boarding volumes for existing routes
with OOD segments were drawn from ride check data. Pas-
senger volumes without the OOD segment are based on pas-
senger gains and losses resulting from discontinuing the OOD
segment: new ridership on the direct route that replaced the
OOD segment, ridership loss from discontinuing the OOD
(on the basis of existing ride check data), and gain in through
ridership from reducing travel time.

Through ridership on the main line is likely to increase
because of travel time savings. The increase can be estimated
by using the following travel time—demand elasticity formula:

Additional through ridership = (difference in travel time
between OOD segment
and direct routing =
through ridership * 0.30)
+ (average passenger trip
length for entire route)

where the difference in travel time and the average passenger
trip length are in minutes and 0.30 is an elasticity coefficient,
meaning that the percentage increase in through ridership is
0.30 times the percentage decrease in travel time. For ex-
ample, a 25 percent decrease in travel time would produce a
7.5 percent increase in ridership. This factor was used because
of the lack of a local elasticity factor; it is a common standard.
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Revenue Miles The lengths in miles of OOD segments and
direct route segments were determined from field checks. The
mileage saving for discontinuing the OOD segment was cal-
culated by subtracting direct route miles from OOD miles.
The mileage saving was multiplied by daily trips to produce
daily mileage, which was annualized. The annualized mileage
saving was then deducted from annual route revenue miles
provided by SDTC to produce the net revenue miles to be
operated if the OOD segment were discontinued.

Effectiveness Assessment The PPM measures for the route
with the OOD segment and with the direct alignment were
compared to determine any productivity improvements. If
productivity improves when an OOD segment is eliminated,
the segment should be considered for discontinuance or mod-
ification. If route productivity declines when an OOD seg-
ment is eliminated, continuation of the segment is reasonable.
In all cases, qualitative concerns should also be addressed, as
discussed next.

Qualitative Concerns

Qualitative factors should be considered in the final step of
the evaluation process for questionable OOD segments.

One of the goals of any transit system is to provide trans-
portation to captive riders (riders who depend on transit for
personal mobility because they lack an automobile or the
ability to drive). Service to an area that includes a large num-
ber of captive riders should be analyzed carefully. If an OOD
segment to such an area is to be discontinued, it may be
desirable to explore ways to maintain accessibility.

Consideration should also be given to activity centers that
are served by an OOD segment. Such centers may include
hospitals and clinics, social service agencies, supermarkets,
and schools. It may be desirable to maintain a minimal level
of transit service to these locations. Nonetheless, these factors
must be weighed against the disadvantages of continuing the
OOD segment.

EXAMPLES

Three examples demonstrate how the methodology works.
The first OOD segment has a low OOD impact index, and
the second has a high OOD impact index. The third segment
has an OOD impact index in the midrange, so Steps 2 and 3
are required to fully assess the segment. Quantitative results
from the analysis are given in Table 1.

Low OOD Impact Index

Convoy Court is an OOD segment on a local route (Route
25) connecting Clairemont Mesa with San Diego’s Centre
City. The OOD segment is shown in Figure 3. The main route
deviates a block from the main line to serve employment
locations on Convoy Court and a Kaiser Permanente clinic
at the junction of Shawline Street and Clairemont Mesa Bou-
levard. Passenger boardings and alightings on the segment
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TABLE 1 OOD SEGMENT ANALYSIS

00D Segment
Route 25: Route 16: Route 25:
. ) Convoy Aero Linda Vista
STEP A IMPACTINDEX ~
Time Factor (in minutes)
0 OOD Segment 3 6 6
o Direct Routing 2 2 2
o Net Time for OOD Segment 1 4 4
OOD Segment Passengers 104 86 117
Through Passengers 274 298 825
OOD Impact Index* 2.6 13.9 28.2
STEP 2: RESOURCES
Resource Savings None None None
(Bus Oparator)
STEP 3: COST EFFECTIVENESS
Marginal Cost Savings** $2,200 $6,400 $10,400
Passengers per Revenue Mile
0 OOD Segment 1.90 2.18 1.90
o Direct Routing 1.92 2.28 2.01
1.1% 4.7% 5.6%

o Percent Change

* - 00D Impact Index is the net through rider time impact per unit of OOD travel.
“* - Marginal "out-of-pocket” operating costs calculated at $45,000 per bus operator and $0.50 per revenue mile.
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FIGURE 3 Convoy Court OOD segment.

negligibly if the segment is discontinued. This is consistent
with the low OOD impact index, based on a small OOD time
penalty and high OOD productivity.

are high. Through passengers on the main route are relatively
low because the segment is located near the outer terminal.
These circumstances result in a low OOD impact index of
2.6, which indicates that the segment should be retained and
that no further analysis is necessary. It is interesting to note, .

however, that the results of Steps 2 and 3 (given in Table 1) High GOD Tmpact ndex
indicate that no resource savings can be achieved with such
ashort OOD segment and that route productivity will increase

Linda Vista is an OOD segment located on Route 25 between
two major activity centers: the Fashion Valley Transit Center
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and the Kearny Mesa employment complex (see Figure 4).
Passenger boardings and alightings on the segment are rela-
tively low. Through ridership on this segment of Route 25 is
heavy. Finally, the time penalty for the OOD segment is high,
because a significant deviation is required.

The combination of the three factors substantially affects
through riders. Not only is the segment a lengthy deviation
from the main route, but also it is perceived as unproductive
because of the absence of strong passenger activity. The re-
sulting OOD impact index of 28.2 indicates that this segment
should probably be discontinued. Although Steps 2 and 3 are
not required in this case, neither step contradicts the findings
of Step 1. Whereas Step 2 indicates that no resources could
be saved by discontinuing the segment, Step 3 indicates a
significant marginal cost savings and a potential improvement
in service effectiveness.

Tnmy
[ 8 W
a AN “‘\\\\\

o SHOPPING
\, CENTER .

Tait Street
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Midrange OOD Impact Index

Figure 5 shows Aero Drive, an OOD segment near one end
of Route 16. The OOD impact index for this segment is 13.9.
This value is well above 4.9, which would indicate retention
of the segment, and below 15, the level at which it would be
automatically considered for discontinuance or modification.
The high index value is caused by three factors: the segment
is long, there is relatively little boarding and alighting on the
segment, and through ridership is relatively high.

The high value indicates that the lengthy deviation, com-
bined with low OOD passenger activity, is an inconvenience
to through riders. Step 2 in Table 1 indicates that no resource
savings are achieved by discontinuing the segment. The de-
viation is too short to reduce the route operating requirement
by a full bus operator.

mmm Main Line
mmm Qut-of-Direction Segment
1 Direct Route Segment

FIGURE 4 Linda Vista OOD segment.
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Step 3 indicates that the service effectiveness of Route 16
would improve if the OOD were discontinued. PPM will in-
crease by nearly 5 percent, because more miles will be saved
than passengers lost. The saving in miles is evident from the
length of the OOD segment. The small net change in passen-
gers is the result of three factors: (@) most existing passengers
will continue to walk to the main route, (b) the direct-route
segment will generate additional riders at a neighborhood
shopping center on the direct alignment, and (c) the time
saving from operating on the direct alignment will produce a
significant increase in through riders.

The cost analysis in Step 3 indicates that there are significant
marginal operating cost savings to be gained from discontin-
uing this OOD segment and that the service effectiveness of
the route will also improve. The findings indicate that the
segment should be considered for discontinuance unless qual-
itative factors indicate otherwise. Qualitative factors further
support discontinuance of the segment:

@ The 4-min time saving will improve on-time performance
on Route 16 by reducing running time.

@ A bus resource can potentially be saved if Aero Drive is
discontinued concurrently with another Route 16 OOD seg-
ment in Mission Valley. This resource could be used to im-
prove service frequency on Route 16.

@ Passenger transfer connections with Route 25 at Aero
Drive are negligible, and an alternative transfer connection
with Route 25 is available at a nearby transit center.

e Direct service to the neighborhood shopping center can
be provided if the segment is discontinued.

® [ ow-income housing in the neighborhood is as close to
the proposed direct alignment as it is to the current OOD
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alignment, thereby affording accessible service for transit-
dependent residents.

NEXT STEPS

As indicated earlier, MTDB intended to develop a formal
policy for evaluating OOD segments. Such a policy was adopted
by the MTDB’s board of directors in August 1990 (MTDB
Policy Number 39, “Out-of-Direction Bus Routings Policy”).
The policy informs the public on how such service requests
are to be analyzed and provides the board of directors with
a valuable tool in deciding an OOD segment’s value. During
the coming months, the methodology will be applied to several
existing OOD segments identified by the board of directors
for analysis. On the basis of the results, the board will decide
whether to retain, delete, or modify them.

Whereas this methodology will provide a basis for analyzing
the merits of an OOD segment, deciding which travel time
elasticity factor to use remains a problem. No local elasticity
factor exists, and limited research in this area 1is available
nationwide. Given the lack of better data, the standard elas-
ticity coefficient of 0.30 was used. However, as the meth-
odology is applied and decisions are made on eliminating
existing OOD segments or adding new ones, an opportunity
to assess the local travel time elasticity factor for such ser-
vice changes will arise. MTDB plans to monitor this area
closely during the next few years in the hope of developing
a local elasticity factor that can be used to strengthen both
the OOD methodology and MTDB'’s route evaluation process
in general.

Publication of this paper sponsored by Committee on Bus Transit
Systems.
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Integration of Fixed- and Flexible-Route

Bus Systems

SHYUE KooNG CHANG AND PAuUL M. SCHONFELD

Temporally integrated bus systems, in which fixed-route services
are provided during higher-demand periods and flexible-route
services are provided during lower-demand periods, are investi-
gated with analytic optimization models. Threshold analysis is
used to determine which option is preferable for a given demand
pattern and to identify favorable situations for integrated oper-
ation. Optimized vehicle sizes, route spacings, zone areas, and
service headways are obtained and compared for fixed-route,
flexible-route, and integrated systems.

Conventional bus services are characterized by their fixed
routes and schedules and are generally thought to require
substantial demand densities to be economically viable; para-
transit services have flexible routes or schedules (or both) and
are considered most suitable for low-density areas or time
periods (I—-11). The potential for improving public transpor-
tation services through coordinated operation of paratransit
and conventional transit systems has been recognized (12,13).
However, most studies on integration of public transportation
systems have focused on spatially integrated systems of con-
ventional modes, such as park-and-ride operation coordinated
with mass transit systems (/4,15) and integrated feeder bus—
rail transit systems (16—18), which are commonly applied in
U.S. urban transit systems.

Various types of integration of conventional bus and para-
transit services have been attempted in several suburban areas
with varying levels of success (/9—-23). Control strategies and
issues related to the implementation of integrated systems
have also been discussed and evaluated (10,13,24-27). How-
ever, studies concerning the temporal integration of conven-
tional bus and paratransit services, in which conventional fixed-
route services are provided during higher-demand periods and
flexible-route door-to-door services are provided during lower-
demand periods, are mostly limited to conceptual and qual-
itative analyses (5,10,12,25). A simulation model has been
developed and used to evaluate temporal integration options
for cities with populations of less than 10,000 (28). It was
concluded that the net operating costs of alternative dial-a-
ride/fixed-route services comprising a mixed bus fleet of 45-seat
buses for peaks and 12-seat buses for off-peaks are better than
those of either fixed-route or dial-a-ride services. However,
the alternatives compared were all prespecified rather than
optimized.

In this paper an analytic approach is applied to design and
evaluate temporally integrated systems. Two feeder bus sys-

S. K. Chang, Department of Civil Engineering, National Taiwan
University, Taipei, Taiwan, Republic of China. P. M. Schonfeld,
Department of Civil Engineering, University of Maryland, College
Park, Md. 20742.

tems, a conventional fixed-route and a flexible-route sub-
scription bus system, are considered. Threshold evaluation
based on analytic optimization models (/1) is used to deter-
mine favorable situations for operation of temporally inte-
grated systems, and mathematical models of total system costs
for an integrated system are formulated and analyzed. Op-
timized results are presented for vehicle size, route spacing,
headway, and service zone areas.

BUS SYSTEM CHARACTERISTICS

Figure 1 shows the service areas and their specific route struc-
tures for the two feeder systems. The variables and the typical
values used in the numerical analysis are given in Table 1.
The bus systems with either fixed or flexible routes are as-
sumed to connect a rectangular area of length L and width
W to a major generator (e.g., a transportation terminal or an
activity center) that is J mi from that area. Analytic optimi-
zation models for these two feeder systems developed in ear-
lier work (11,29) are applied. The models provide optimized
solutions in closed form with time-dependent demand and
supply characteristics (vehicle operating cost and speed) and
over multiple periods. Route structures and operation attri-
butes for the two services are briefly described.

Fixed-Route Services

For fixed-route services, the service area is divided into N
zones with route spacing r = W/N, which is fixed over time,
as shown in Figure 1a. A vehicle round-trip in period ¢ consists
of (a) a line-haul distance J traveled at express speed yV, from
the major terminal to the service area; (b) a delivery route
L mi long traveled at local speed V, along the centerline of
the zone, stopping for passengers every s mi, with an average
delay of d, hr for each stop; and (c) reversal of the previous
two phases to collect passengers and carry them to the terminal.

Flexible-Route Services

The route structure for the flexible-route subscription service
is shown in Figure 1b. The service area is divided into &V, equal
zones, each of which has area A, = LW/N,. This service zone
structure is more flexible than that for fixed-route service and
is allowed to vary over time. In each time period, feeder buses
travel from the terminal a line-haul distance J and an average
distance L/2 mi at express speed yV, to the center of each
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FIGURE 1 Fixed- and flexible-route feeder bus systems.

zone. They collect passengers at their doorsteps through a
tour of n, stops with length E, at local speed V,. The values
of n, and E, are endogenously determined using Stein’s for-
mula (30,31). To return to their starting point, the buses
retrace an average of L/2 + J mi at yV, mph. It is assumed
that buses operate on preset schedules with variable routing
designed to minimize the tour distance E, and that tours are
routed on a rectangular grid street network. Tour departure
headways are assumed to be equal for all zones in the service
area and uniform within each period. For both service types
the average wait time equals a constant factor z, times the
headway h,. As in fixed-route service, vehicle layover time
and external costs of bus services are assumed to be negligible.

On the basis of the assumptions that #, points are randomly
and independently dispersed over an area A, and that an
optimal traveling salesman tour has been designed to cover
these n, points, the collection distance E, in an optimized zone
may be approximated by the following result of Stein (30,31)
for dial-a-ride routing:

E = ¢(mA)" (1)

In Equation 1, & is constant and has been estimated to be
0.765 for a Euclidean metric (31). Applications of Equation
1 are discussed by Larson and Odoni (32) and Daganzo (33).

The demand density g, during each time period ¢ is assumed
to be obtained from empirical distributions of demand over
time, as shown in Figure 2. The demand distribution over
time typically represents a daily demand cycle, as in the four-
period demand distribution shown in Figure 2, although it
may also be used to analyze noncyclical demand conditions,
such as long-term growth patterns. The demand is also as-
sumed to be deterministic, uniformly distributed over time
during each specified period, and uniformly distributed over
space within each specified service area. The number and
duration of time periods are unlimited.

The analytic results for the optimal route structures (route
spacings and zone sizes), vehicle sizes, and service headways
for the two services derived by Chang and Schonfeld (1) are
used in this analysis. These optimality relations are presented
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TABLE 1 VARIABLE DEFINITIONS

Variable Definition Baseline Value

a fixed cost coefficient for period t ($/hr) -
ay, 8y, a3, and a, = 30, 15, 15, and 15, respectively.

A, service zone area in period t (sq. miles) -
by variable cost coefficient for period t ($/seat hr) =
by, by, by,and by = 0.4, 0.2, 0.2, and 0.2, respectively.
(o] total system cost ($/day); = C, + C, -
C,  operator cost ($/day) -
C; total user cost ($/day) -
C,  userin-vehicle cost ($/day) -
C,,  userwaitcost (3/day) -
G, user access cost ($/day) -
d, average delay per stop during period t (hr/stop) 0.01
D, avg. bus round trip time during period t (hrs) -
E, distance of one collection tour in period t (miles) -
F, fleet size in period t (vehs) =
4 access speed (miles/hr) 25
h, headway in period t (hr) &
J line haul distance (miles) 8.0
L length of corridor (miles) 4.0
m number of periods in the analysis time frame 4
n, number of pickup stops in one collection tour during period t
N number of zones -
N, number of zones in period t -
P bus load factor at peak load point during period t -
q, potential demand density in period t (trips/sq. mile/hr)
41+ 990 93, and g4 = 120, 60, 10, and 5, respectively
r route spacing (miles) -
s stop spacing (miles) 0.25

Ty duration of period t (hrs)

Ty, Tz, Ta,and T, = 3, 6, 6, and 9, respectively.
u, avg. no. of passengers per pickup point during periodt 1.2
U equivalent line haul distance (miles) = 2J/y + L/y
v value of in-vehicle time ($/hr) 5.0
\ bus speed dunng period t (miles/hr);

Vi, Vy, V3, and V4 = 10, 12, 15 and 15, respectively

w value of wait time for conventional bus ($/hr) 10.0
w' value of wait time for paratransit ($/hr) 8.0
w width of corridor (miles) 3.0
X value of access time ($/hr) 10.0
¥ express ratio = express speed/local speed 2.0
z, ratio of wait time/headway 0.5
Z ratio of access distance/route spacing 0.25

Z composite variable defined in Table 2 -

¢ constant in the collection distance equation 1.15
n composite variable defined in Table 2 -
8 composite variable defined in Table 2 -

0 composite variable defined in Table 2 -

in Table 2. Different effects of demand density and other
system parameters can be identified on the basis of the an-
alytic results for single-period cases. From the results for a
single period, it is shown that the optimized vehicle sizes are
proportional to the %3 power and the Y5 power of demand
density for fixed- and flexible-route services, respectively. Fig-
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TABLE 2 ANALYTIC RESULTS FOR OPTIMIZED BUS
SYSTEMS
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ure 3 compares optimal vehicle sizes for the two services. It
is shown that for demand densities between 1 and 120 trips
per square mile per hour, the optimal vehicle size ranges from
9 to 24 seats per vehicle for flexible-route services and from
12 to 58 seats per vehicle for fixed-route services. As men-
tioned, the vehicle size is less sensitive to demand densities
for flexible-route services than for fixed-route services.

The numerical results for the two services are presented in
Table 3 on the basis of the demand pattern shown in Figure
2. The average costs are $6.10 and $6.23 per trip for fixed-
and flexible-route services, respectively. On the basis of these
results, fixed-route services are preferable to flexible-route
services for the given demand pattern and other assumptions.
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FIGURE 3 Vehicle size comparison for fixed-
and flexible-route services.

TABLE 3 COMPARISON OF FIXED-ROUTE,
FLEXIBLE-ROUTE, AND INTEGRATED SYSTEMS

Fixed Flexible Integrated
Systems Route Route System
Vehicle Size 48 17 37
(seats/veh)
Route Spacing 0.867 - 0.683
(miles)
Zone Arca 0.681 -
(sq. miles) - 1.350 -
4.201 4.054
6.110 5.021
Headway 0.115 0.208 0.113
(hrs) 0.164 0.183 0.160
0.401 0.247 0.265
0.554 0.295 0.295
Fleet Size 48 115 63
(no. of vehs) 29 60 37
10 13 13
7 8 9
Total Cost 60,390 61,633 59,390
($/day)
Avg. Cost 6.100 6.226 5.998
($/trip)
Avg. Operator Cost  1.422 2.224 1.693
($/trip)
Avg. User Cost 4.678 4.002 4.305
($/trip)
Avg. Wait Cost 0.906 0.819 0.737
($/trip)
Avg. In-Veh Cost  2.655 3.183 2.754
($/trip)
Avg. Access Cost 1.117 0 0.814
($/trip)

Table 3 and Figure 4 indicate that the average user cost for
fixed-route services is considerably higher than that for flexible-
route services, whereas the operator cost for fixed-route ser-
vices is considerably lower than that for flexible-route ser-
vices. Operators, therefore, on the basis of their own costs,
would strongly favor fixed-route services. The optimized ve-
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acl:  average cost for fixed route service = acul+acol
acul: average user cost for fixed route service

acol: average operator cost for fixed route service

ac2:  average cost for flexible route service = acu2+aco2
acu2: average user cost for flexible route service

aco2: average operator cost for flexible route service

FIGURE 4 Average cost comparison for fixed- and
flexible-route services.

hicle sizes are much smaller for flexible-route services (17
seats versus 48 seats for fixed routes), thus requiring a much
larger fleet size (115 rather than 48 vehicles in the peak
period).

THRESHOLD ANALYSIS

A threshold analysis is used to determine which service type
is preferable in which situations. Average cost (dollars per
trip) is used to identify the critical demand density Q,, below
which the flexible-route service is preferable and above which
the fixed-route service is preferable. In Figure 4 the optimized
average costs of the two services are compared for a wide
range of demand densities. The two average cost functions
intersect at a demand density of 25 trips per square mile per
hour, at which the average cost is $6.8 per trip. Hence, for
the given parameter values and related assumptions, flexible-
route services are preferable for demand densities below 25
trips per square mile per hour, which is considered to be the
critical demand density. However, because the average cost
functions for the two services intersect at very slight angles,
the threshold value (e.g., 25 trips per square mile per hour)
is quite sensitive to various system parameters. System pa-
rameters other than demand density, such as service area,
operating cost, speed, and value of time, may also be analyzed
to determine the values for which one service is better than
the other. Sensitivity analyses (//) indicate that the relative
advantages of flexible-route services generally increase with
smaller service areas, higher operating speeds, lower fixed
bus costs, lower incremental costs of vehicle size, higher val-
ues of access and wait time, and lower values of in-vehicle
time.

With the critical demand density, the demand distribu-
tion can help determine under what circumstances fixed- or
flexible-route bus services should be used exclusively. Figure
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5 shows a transit daily demand distribution in which the max-
imal demand density is g,,., and the minimal demand density
i8 Gmin- This demand distribution has been processed from the
original distribution to produce a distribution of flow versus
duration. There are three possible interrelationships among
the threshold demand density, maximal demand density, and
minimal demand density:

1. If the flexible-route paratransit service is preferable to
the conventional bus service at the highest demand density
Gmax (1-€., the threshold demand density is g,), it is preferable
to operate the paratransit service exclusively. (See Figure 5,
Case a.)

2. If the fixed-route bus service is better than the flexible-
route bus service at the lowest demand density g, (i.e., the
threshold demand density is ¢,), fixed-route service should
be operated exclusively. (See Figure 5, Case b.)

3. If the fixed-route service is better at g = g,,., but the
flexible-route service is appropriate at ¢ = g, (i.c., the
threshold demand density ¢, is between g, and ¢.,.), an
integrated system will be preferable. (See Figure 5, Case c.)

Conditions for determining which service is preferable were
discussed by Adebisi and Hurdle (9), but no strategy for the
integration was developed, because only steady demand con-
ditions were modeled. Multiperiod analytic optimization models
for designing integrated systems are presented below.

TEMPORALLY INTEGRATED SYSTEMS

From the threshold analysis, the range of demand densities
for which flexible- or fixed-route services are preferable and
the situations in which an integrated system is preferable can
be identified. In the numerical examples (Figure 4), the flexible-
route services were preferable to the fixed-route services at
demand densities below 25 trips per square mile per hour.
Because the demand distribution includes periods with de-
mand above and below 25 trips per square mile per hour, a
temporally integrated system should be preferable. The in-
tegrated system provides fixed-route services in the higher-
demand periods (e.g., Periods 1 and 2 in the numerical ex-
ample shown in Figure 2) and flexible-route services during
the lower-demand periods (Periods 3 and 4).
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FIGURE 5 Various cases of threshold demand density.
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This optimization approach seeks to determine the com-
bination of vehicle size, route spacing, zone sizes, and service
headways that minimizes total system cost (C). C, including
the operator cost (C,), user wait cost (C,,), user access cost
(C,), and user in-vehicle cost (C,), can be expressed as a
function of the decision variables [i.e., vehicle size (S), route
spacing (r), zone area (A,), and headway (h,)] and system
parameters:

j=1

€= 3, [CAS, 7 ks K) + C, (s K)

=1

m

+ Gl K) + CAK)] + D [C(S, Ay by, K)

+ Cy(h, K) + CS, A, by, K)] 2

where K, = (B,, V,, T,, L, W, w, x, v) is a set of system
parameters consisting of operating cost (B,); operating speed
(V,); duration of time periods (T); service area dimensions
(L and W); access speed (g); and values of wait, access, and
in-vehicle time (w, x, and v, respectively).

The first part of Equation 2 is the cost of operating fixed-
route services during Periods 1 to j — 1. The second part is
the cost of operating flexible-route services during Periods j
to m. The access cost is assumed to be negligible because
users are picked up and dropped off at their doorsteps. Such
a formulation relies on the previous threshold analysis to de-
termine that fixed-route services are preferable in Periods 1
to j — 1, whereas flexible-route services are preferable in
Periods j to m. This total cost function can be considered a
combined cost function for the two types of service.

The following type of linear function for bus operating cost
used by Jannson (34) and by Oldfield and Bly (35) is adopted
for the total cost function:

B, =a, + bS 3)
where S is the vehicle size in seats per vehicle and a, and b,
are parameters that may be estimated statistically. Certain
relationships among vehicle size, zone size, and headway are

also specified in the total cost function. For fixed-route ser-
vice, they are expressed as

h, = p.SirLq, 4)
and for flexible-route service as
h, = pSIAg, (5)

In Equations 4 and 5 p, is the bus load factor at the peak load
point. With these relationships, the total system cost of Equa-
tion 2 can be formulated for the integrated system as follows:
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Detailed derivations of these relationships are presented by
Chang (36).

The variables and parameters are defined in Table 1. Dif-
ferent values of wait time, denoted as w and w’ for fixed- and
flexible-route services, respectively, are defined for the two
services. They allow a lower value of time to be used for
indoor waiting at the origin, which may occur for flexible-
route pickup. For this integrated system a single vehicle size
is jointly optimized for both fixed- and flexible-route services,
whereas the route spacing (r) and service zone area (A4,) are
optimized separately for fixed- and flexible-route services.

The solution procedure for this problem is the combination
of the solution procedures for the separate fixed- and flexible-
route systems (/7). Detailed derivations for integrated sys-
tems are provided by Chang and Schonfeld (Z7) and Chang
(36). Equation 7 is obtained by solving the first derivatives
of the total cost function:

B B B
¢ gs—ge= 0 (7)
where
'S aDgT, & aUqT,
— + 4 14 8
: ’; P Z:I P(V4 ()
J=1 172
j—1 Zy2,WXx Zl oL
B. = Zl gl | ——— )
gL Z q.T,
=

< qi(b, + vp,/2)? N
= 4 2\1/3 U bl )
By = (w2197 2 T’{u,V,[l +aJS(b, + vp,/z)]} e

1=j

If j = 1, Equation 7 includes only flexible-route services.
In that case the optimized vehicle size shown in Table 2 for
flexible-route services can be used. If j — 1 = m, the problem
is reduced to finding the optimal solution for only fixed-route
services, and the analytic results shown in Table 2 for fixed-
route services can be applied.

Equation 7 is not difficult to solve numerically, but it has
not been solved in closed form. After the optimal vehicle size
is obtained, the optimal route spacing (r*) for fixed-route
services and zone area (A]") for flexible-route services can be
obtained with the following equations:

ji—1 12
z,wgsS* >, pT,
r* = —*ji' (11)
zwL 2, 4T,
=1
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t=jj+1,...,m (12)

The service headway for different periods providing fixed- or
flexible-route services can also be obtained by substituting the
optimized vehicle size ($*) and route spacing (r*) or zone
area (A}) into Equations 4 and 5:

S

h'*:r_*L% =1, 3, ey =1 13)
S*

h,*—A*I;’ t=j i+ 1, ..m (14)

A compromise vehicle size for providing fixed-route ser-
vices in the higher-demand periods and flexible-route services
in the lower-demand periods can be determined with Equa-
tion 6.

NUMERICAL CASES
Baseline Value Results

For the four-period example shown in Figure 2, the fixed-
route services are provided in the first and second periods.
and the flexible-route services are provided in the third and
fourth periods. Therefore, Equation 7, in which B, and the
first term of B, are components from the first and second
periods, whereas 8, and the second term of 3, are components
from the third and fourth periods, becomes

33,0275 781 395 _ (1s)

SE Slh‘_‘ S 173

By solving Equation 15, the optimal vehicle size for the
integrated system is found to be 37 seats per vehicle. By
substituting the optimal vehicle size into Equations 11, 12,
13, and 14, respectively, the optimal route spacing, zone area,
and headways for the integrated system can be obtained, as
given in Table 3.

Comparisons of the temporally integrated systems with
pure fixed- and flexible-route systems yield the following
observations:

1. The optimized vehicle size of 37 seats for the integrated
system lies between those for the two pure systems (48 and
17 for fixed- and flexible-route systems, respectively). Thus,
the optimized fleet size of 63 vehicles for the integrated system
also lies between those for the two pure systems (48 and 115).
It can be verified from Equation 7 that when the demand
density and duration of the third period increase, the optimal
vehicle size for the integrated system decreases.

2. The average cost for the integrated system is indeed
lower than for either pure system. However, its average user
cost and the average operator cost both lie between the cor-
responding pure system values. The cost reduction offered by
the integrated system cannot be very high for the systems
analyzed in the example, because the average cost functions
(Figure 4) for the two pure systems are quite close.
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3. The optimal average operator and user costs ($1.693 and
$4.305 per trip, respectively) for the integrated system also
lie between those for the two pure systems, whereas the op-
timal average wait cost ($0.737 per trip) is lower than for
either pure system.

Effects of Various Demand Patterns

Three demand patterns, which have the same total demand
but ditferent demand fractions in Periods 2 and 3, are shown
in Figure 6. Case 1 is the previously computed baseline ex-
ample. The difference in demand between Periods 2 and 3
decreases in Case 2 and increases in Case 3. Table 4 presents
the optimized average costs, vehicle sizes, and fleet sizes for
the three cases.

Table 4 indicates that the average costs for integrated sys-
tems are lower than for pure systems in all three cases, al-
though the decreases in average costs are small in the cases
presented here. Vehicle sizes for both pure systems are nearly
the same for different demand patterns. However, they vary
considerably for integrated systems. Similar results are found
for fleet size.

CONCLUSIONS

Temporally integrated systems in which fixed-route services
are provided during higher-demand periods and flexible-route
services are provided during lower-demand periods were eval-
uated analytically and numerically. Threshold analysis was
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FIGURE 6 Alternative demand patterns analyzed.

TABLE 4 OPTIMIZED AVERAGE COST, VEHICLE SIZE,
AND FLEET SIZE FOR THREE DEMAND DISTRIBUTIONS

Type of System

Case Fixed-Route Flexible-Route Integrated
Optimized Average Cost ($/trip)

1 6.100 6.226 5.998
2 6.148 6.302 6.062
3 6,048 6.207 5.946
Optimized Vehicle Size

1 48 17 37

2 48 16 33

3 48 17 41
Optimized Fleet Size

1 49 115 63

2 49 121 70

3 49 115 57
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used to identify the range of demand densities for which purely
fixed- or flexible-route services are preferable and the situ-
ations in which integrated systems are preferable. It was shown
that the threshold is sensitive to system parameters.

Numerical results indicate that the optimal vehicle size in
integrated systems (37 seats per vehicle) is a compromise
between the optimal vehicle sizes for pure fixed-route and
pure flexible-route services (48 and 17 seats per vehicle, re-
spectively). More important, the average system cost per trip
for integrated systems can be lower than for either pure sys-
tem. However, if the total costs per trip for fixed- and flexible-
route alternatives are close, the integrated system cannot
offer costs that are much lower than for either pure system.
In realistic applications, the benefits of temporal integra-
tion are expected to increase as the relative duration of low-
demand periods (in which flexible-route services are prefer-
able) increases.

Further studies should consider operation and control strat-
egies for transitions between the two service types in an in-
tegrated system. Mixed rather than homogeneous bus fleets
for integrated operation are also worth analyzing. Further
research may consider demand elasticity and many-to-many
demand patterns.

REFERENCES

1. A. Saltzman. Para-Transit: Taking the Mass out of Mass Transit.
Technology Review, July—Aug. 1973, pp. 46-53.

2. R. F. Kirby, K. U. Bhatt, M. A. Kemp, R. G. McGillivray, and
M. Wohl. Para-Transit: Neglected Options for Urban Mobility.
Report UI-4800-8-2. Urban Institute, Washington, D.C., 1974.

3. Urban Densities for Public Transportation. Regional Plan As-
sociation, New York, 1976.

4. D. E. Ward. A Theoretical Comparison of Fixed Route Bus and
Flexible Route Subscription Bus Service in Low Density Areas.
Transportation Systems Center, U.S. Department of Transpor-
tation, 1975.

5. J. H. Batchelder and B. C. Kullman. Analysis of Integrated
Urban Public Transportation Systems. In Transportation Re-
search Record 639, TRB, National Research Council, Washing-
ton, D.C., 1977, pp. 25-29.

6. Transport Services in Low Density Areas. OECD Road Research
Group, Paris, 1979.

7. M. J. Rothenberg. Public Transportation: An Element of the
Urban Transportation System. Technology Sharing Report FHWA-
TS-80-211. FHWA, U.S. Department of Transportation, 1980.

8. P. Schonfeld. Minimum Cost Transit and Paratransit Services.
Transportation Studies Center Report. Department of Civil En-
gineering, University of Maryland, College Park, 1981.

9. O. Adebisi and V. F. Hurdle. Comparing Fixed-Route and
Flexible-Route Strategies for Intraurban Bus Transit. In Trans-
portation Research Record 854, TRB, National Research Council,
Washington, D.C., 1982, pp. 37-43.

10. Multisystems, Inc. General Community Paratransit Services in
Urban Areas. DOT-1-82-15. Office of Policy Research, Urban
Mass Transportation Administration, U.S. Department of Trans-
portation, 1982.

11. S. K. Chang and P. M. Schonfeld. Optimization Models for Com-
paring Conventional and Subscription Bus Feeder Services.
Transportation Science (in preparation).

12. J. D. Ward and N. Paulhus. Suburbanization and Its Implications
for Urban Transportation. U.S. Department of Transportation,
1974.

13. N. H. M. Wilson and B. T. Higonnet. Implementation and Op-
eration of Integrated Transit Services. In Special Report 154:
Demand-Responsive Transportation Systems & Services, TRB,
National Research Council, Washington, D.C., 1974, pp. 55-60.

14. S. C. Wirasinghe and H. H. Ho. Analysis of a Radial Bus System
for CBD Commuters Using Auto Access Modes. Journal of Ad-
vanced Transportation, Vol. 16, No. 2, 1982, pp. 189-208.

57

15. E. C. Noel. Park-and-Ride: Alive, Well, and Expanding in the
United States. Journal of Urban Planning & Development, ASCE,
Vol. 14, No. 1, 1988, pp. 2-13.

16. S. C. Wirasinghe. Nearly Optimal Parameters for a Rail/Feeder-
Bus System on a Rectangular Grid. Transportation Research,
Vol. 14A, No. 1, 1980, pp. 33-40.

17. V. F. Hurdle and S. C. Wirasinghe. Location of Rail Stations
for Many to One Travel Demand and Several Feeder Modes.
Journal of Advanced Transportation, Vol. 14, No. 1, 1980, pp.
29-45.

18. G. K. Kuah and J. Perl. Optimization of Feeder Bus Routes and
Bus Stop Spacing. Journal of Transportation Engineering, ASCE,
Vol. 114, No. 3, 1988, pp. 341-354.

19. K. O’Leary. Planning for New and Integrated Demand-Responsive
Systems. In Special Report 154: Demand-Responsive Transpor-
tation Systems & Services, TRB, National Research Council,
Washington, D.C., 1974, pp. 14-20.

20. K. W. Guenther. Demand-Responsive Transportation in Ann
Arbor: Operation. In Transportation Research Record 608, TRB,
National Research Council, Washington, D.C., 1976, pp. 20-25.

21. 1. T. Pott. Integrated Transit Service in Santa Clara County. In
Transportation Research Record 608, TRB, National Research
Council, Washington, D.C., 1976, pp. 11-15.

22. A. Hollinean and R. Blair. Comparisons of Productivity of Four
Modes of Service in Orange, California. In Special Report 184:
Urban Transport Service Innovations, TRB, National Research
Council, Washington, D.C., 1979, pp. 49-55.

23. M. D. Abkowitz and M. T. Ott. Review of Recent Demonstra-
tion Experiences with Paratransit Services. In Transportation Re-
search Record 778, TRB, National Research Council, Washing-
ton, D.C., 1980, pp. 13-19.

24. G. J. Fielding and S. B. Grant. Implementation and Operation
of Integrated Transit Services. In Special Report 154: Demand-
Responsive Transportation Systems & Services, TRB, National
Research Council, Washington, D.C., 1974, pp. 48-55.

25. B. C. Kullman. Markets and Roles for Paratransit Services in an
Integrated Urban Transportation System. In Special Report 164:
Paratransit, TRB, National Research Council, Washington, D.C.,
1976, pp. 81-88.

26. R. A. Mundy. Integration of Paratransit and Conventional Transit:
Problems and Positive Directions. In Special Report 164: Para-
transit, TRB, National Research Council, Washington, D.C., 1976,
pp. 73-80.

27. N. H. M. Wilson. Coordination and Control of Paratransit Ser-
vices. In Special Report 164: Paratransit, TRB, National Research
Council, Washington, D.C., 1976, pp. 174-182.

28. R.J. Nairn. Dial-a-Ride and Mixed Fleet Levels of Service, Costs
and Revenues in a Small City. Proc., Workshop on Paratransit:
Changing Perceptions of Public Transport, South Australia, Aus-
tralia, 1979, pp. 209-227.

29. S. K. Chang and P. M. Schonfeld. Multiple Period Optimization
of Bus Transit Systems. Transportation Research (in preparation).

30. D. M. Stein. An Asymptotic Probabilistic Analysis of a Route
Problem. Mathematical Operations Research, Vol. 3, 1978, pp.
89-101.

31. D. M. Stein. Scheduling Dial-a-Ride Transportation Systems.
Transportation Science, Vol. 12, No. 3, 1978, pp. 232-249.

32. R. C. Larson and A. R. Odoni. Urban Operations Research.
Prentice-Hall, Inc., Englewood Cliffs, N.J., 1981.

33. C. F. Daganzo. The Length of Tours in Zones of Different Shapes.
Transportation Research, Vol. 18B, No. 2, 1984, pp. 135-145.

34. J. O. Jannson. A Simple Bus Line Model for Optimization of
Service Frequency and Bus Size. Journal of Transport Economics
and Policy, Vol. 14, No. 1, 1980, pp. 53-80.

35. R. H. Oldfield and P. H. Bly. An Analytic Investigation of Op-
timal Bus Size. Transportation Research, Vol. 22B, No. S, 1988,
pp. 319-337.

36. S. K. Chang. Analytic Optimization of Bus Systems in Hetero-
geneous Environments. Ph.D. dissertation. UMCP-TSC-DS-90-
2. University of Maryland, College Park, 1990.

Publication of this paper sponsored by Committee on Bus Transit
Systems.



58

TRANSPORTATION RESEARCH RECORD 1308

Downtown Space for Buses—
The Manhattan Experience

HERBERT S. LEVINSON, LAWRENCE LENNON, AND JERRY CHENG

The limit of acceptable express bus service in Manhattan is de-
fined. Where additional buses might be accommodated is shown
on the basis of system capabilities and passengers’ destinations.
At present, there is little space for additional express buses during
peak hours in the Manhattan central business district in Madison,
Fifth, and Sixth avenues in Midtown and along Broadway and
Church Street in Lower Manhattan. Volume-capacity analyses
indicate that setting limits on the number of express buses is not
practical at present. because bus volumes entering the Manhattan
hub during peak hours have declined.

The express buses that serve New York City and surrounding
areas in Westchester, Nassau, and Suffolk counties receive
and discharge their passengers on streets and avenues in the
Manbhattan central business district (CBD). Buses serving New
Jersey via the Holland Tunnel also have on-street collection
and distribution. The Port Authority Midtown bus terminal
provides off-street loading and unloading for most New Jersey
buses.

Most express buses in Midtown concentrate along Madison,
Fifth, and Sixth avenues in the heart of the office district.
Similarly, express buses in Lower Manhattan concentrate on

the only two continuous streets— Broadway and Church Street.

Concern about the effects of express buses on Manhattan
streets has grown during the past decade. Many questions
have been raised about the desirability and practicality of
adding morc cxpress buses on Midtown and downtown Man-
hattan streets, including the following: Can more express buses
be accommodated on Manhattan CBD streets? Should limits
be imposed on the number of express buses entering Man-
hattan by sector or just on specific streets? What street man-
agement changes are necessary to better serve existing express
buses or accommodate additional buses? Is it practical to
increase express bus volumes on crosstown streets or periph-
eral avenues? Can capacity for additional express buses be
provided by reducing the number of local buses on key
avenues?

This paper addresses these concerns and questions. The
limits of acceptable bus service in the Manhattan CBD are
defined. Local and express bus flows as they relate to the
Manhattan street system are analyzed, bus volumes and ca-
pacities are compared, and changes in bus operations and
street traffic management to improve service and permit in-
creased bus flows are identified. Where additional buses might
be accommodated is shown on the basis of street system ca-
pabilities and passengers’ destinations.

H. S. Levinson, Herbert S. Levinson Transportation Consultant, 40
Hemlock Road, New Haven, Conn. 06515. L. Lennon and J. Cheng,
New York City Department of City Planning, 22 Reade Street, Room
6N, New York, N.Y. 10007.

ANALYSIS STEPS
The analysis included the following steps.

1. Travel characteristics of express and local bus passengers
were reviewed to assess the practicality of rerouting service.

2. Trends in the number of buses and bus passengers en-
tering the Manhattan CBD were analyzed to identify the mag-
nitude and nature of past and probable future changes.

3. The number of peak-hour buses crossing key east-west
screen lines in Midtown and Lower Manhattan was estimated.
These flows provided a basis for volume-capacity analyses.

4. Capacities were estimated on a street-by-street basis to
define limits of acceptable bus service.

5. These limits were compared with peak-hour bus volumes
to see where additional buses might be accommodated.

6. The additional buses that could be accommodated by
expanding the bus lane system, rerouting buses, or building
a bus terminal were estimated.

7. The additional buses from Steps 5 and 6 were added to
the peak bus flows on the CBD cordon, from which possible
cordon limits were identified.

8. Finally, the policy implications of adding buses and ways
to improve the use of downtown bus space were identified.

TRAVEL PATTERNS AND ATTITUDES

The travel patterns and attitudes of New York City express
and local bus riders were obtained from surveys conducted
by the New York City Department of City Planning (NYC
DCP) during mid-1989. Approximately 1,900 express passen-
gers were surveyed on their trip into Manhattan, and ap-
proximately 1,300 local bus riders were interviewed as they
boarded buses on Midtown avenues at or near 50th Street.
The survey results are summarized as follows.

Local Bus Passengers

Approximately half of all local bus passengers surveyed were
on work trips, 16 percent were on shopping trips, and 15
percent were on business trips. More than 80 percent were
able to use the subway for their trip. The reasons cited for
not using the subway were (@) subway is less convenient, 43
percent; (b) buses are safer, 30 percent; and (c) buses are
more comfortable, 27 percent.

The short travel distances of most local bus passengers—
median distances of 20 to 26 blocks, or 1.00 to 1.25 mi—
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reflect the convenience afforded by the local bus service. Such
trips are not easily transferable to subway lines because of
the time lost walking to and from and entering and leaving
subway stations.

Thus, there appears to be much less duplication of local
bus-subway service than a review of transit route maps might
suggest. Each mode has its own market and catchment area,
and neither is a substitute for the other.

Express Bus Passengers

Most express bus passengers (63 percent) traveled 5 min or
less to their destination. Once they left the bus in Manhattan,
93 percent walked to their destination, and 7 percent used
other means. If the express bus service were not available,
80 percent would use subways or suburban rail lines, 12 per-
cent would come by car, and 8 percent would use vans. Most
express bus passengers were former subway or railroad riders.
About 54 percent of the express bus passengers cited con-
venience as the main reason for using express buses. Next in
order of importance were safety, 21 percent; comfort, 13 per-
cent; and speed, 7 percent.

Destinations of the express bus passengers surveyed are
mapped in Figure 1. About 67 percent reported destinations
in Midtown Manhattan. Another 19 percent reported Lower

Hudson Riyer

\ ; / PERCENTAGES FOR 1595 RIDERS

(Another 348 Riders Did Not
Bpecify Thelr Destinations)

\/_~

FIGURE 1 Destinations of express bus passengers, 1989.
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Manhattan destinations; 11 percent reported destinations in
the Valley; and 3 percent reported destinations north of 63rd
Street. Thus, Midtown Manhattan appears to be the main
focus of express bus passengers.

More than 8 out of every 10 express bus riders with Midtown
destinations were traveling to places located between Third
and Eighth avenues. The other two riders were going to places
east of Third Avenue or west of Eighth Avenue. The desti-
nations of Midtown passengers were distributed as shown in
the table below.

Destination Percentage
Third to Fifth avenues 49.7
Fifth to Eighth avenues 31.8
East of Third Avenue 17.0
West of Eighth Avenue 1.5
Total 100.0

Thus, the present concentration of express bus routes on
Madison, Fifth, and Sixth avenues reflects the large concen-
tration of passengers’ destinations along these blocks. Placing
express buses on avenues that are peripheral to the Midtown
office core is not practical because most of these avenues are
too far from where people want to go.

The Midtown area located between Third and Eighth av-
enues accounted for 42 percent of all workers’ destinations
in 1980 compared with 55 percent of all reported express bus
passengers’ destinations in 1989.

VOLUMES AND PATTERNS OF EXPRESS BUSES
IN MANHATTAN

Cordon and screen-line counts of local and express buses in
Midtown and Lower Manhattan conducted by the New York
Metropolitan Transportation Council and the New York City
Department of Transportation (NYCDOT) were analyzed to
determine the magnitudes and patterns of local and express
bus flow, identify trends in express volumes on Manhattan
streets, and assess the impacts on each Manhattan avenue.

Daily Bus Volumes Entering Manhattan Hub

The patterns of express and local bus passengers and vehicles
entering the Manhattan hub (i.e., Manhattan south to 60th
Street) on a business day in the fall are given in Table 1. The
number of daily express bus passengers entering the hub grew
steadily from 134,563 passengers in 1977 to a peak of 206,364
passengers in 1984, an increase of 53 percent. However, dur-
ing the period 1984 to 1988, express bus ridership decreased
by 16.8 percent, to 171,819 daily riders.

The number of express riders coming from New Jersey
increased steadily between 1977 and 1988, from about 85,200
to 122,600. In contrast, the number of express bus riders
coming from the Bronx, Brooklyn, Queens, and Westchester
peaked in 1984 and has dropped steadily since.

The maximum number of express buses entered the Man-
hattan hub in 1986—some 7,751 buses. Of this total, 68 per-
cent came from west of the Hudson River, 30 percent from
New York City, and 2 percent from Westchester. In 1988,
7,174 buses entered the hub, a 7.4 percent decline from 1984.
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TABLE 1 EXPRESS AND LOCAL BUS PASSENGERS AND VEHICLES ENTERING THE HUB ON A FALL BUSINESS DAY
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
Bus Passengers
Express Bus
New York City 46,859 52,519 51,139 60,361 62,505 62,102 62,473 79,472 67,448 61,834 53,404 47,088
West of Hudson 85,194 83,618 85,490 89,879 90,094 108,129 114,217 123,673 131,100 127,299 121,550 122,600
North of NYC 2,510 2,580 2,610 2,682 2,596 3,021 3,063 3,219 2,672 2,342 2,132 2,131
Total 134,563 138,717 139,239 152,922 155,195 173,252 179,753 206,364 201,220 191,475 177,086 171,819
Local Bus 98,297 89,697 92,210 100,321 88,472 101,718 101,217 86,131 96,127 75,656 72,278 70,513
Total Passengers 232,860 228,414 231,449 253,243 243,667 274,970 280,970 292,495 297,347 267,031 249,364 242,332
Bus Vehicles
Express Bus
New York City 1,591 1,360 1,315 1,665 1,526 1,602 1,802 2,440 2,217 2,357 2,002 1,846
West of Hudson 3,535 3,546 3,564 3,663 3,232 3,639 4,199 4,639 5,140 5,286 5,069 5,219
North of NYC 108 106 109 115 126 127 129 124 125 108 115 109
Total 5,234 5,012 4,988 5,443 4,884 5,368 6,130 7,203 7,482 7,751 7,186 7174
Local Bus 3,435 3,259 3,168 3,316 3,114 3,395 3,336 2,701 3,192 3,535 3,084 3,304
Total Buses 8,669 8,271 8,156 8,769 7,998 8,763 9,466 9,904 10,674 11,286 10,270 10,478

Source: Hub-Bound Travel 1988, New York Metropolitan Transportation Council

Total Peak-Hour Bus Volumes Entering and Leaving
the Hub

Almost 1,770 buses entered the hub during the 8 to 9 a.m.
morning peak hour in 1985, compared with 1,630 in 1987 and
1,480 in 1988. The number of buses leaving the hub during
the 5 to 6 p.m. afternoon peak hour reached a maximum of
almost 1,530 in 1985 and then dropped to 1,410 in 1987 and
1,370 in 1988.

Similar trends were noted for express bus volumes into and
out of the hub. The number of inbound buses reached a
maximum of about 1,510 in 1985, declining to almost 1,400
in 1987 and 1,225 in 1988. The afternoon peak outbound bus
volume dropped from 1,310 in 1985 to about 1,190 in 1987
and 1,160 in 1988.

The largest declines occurred across the 60th Street cordon.
They reflect population and demographic changes, subway
service improvements, new subway cars, and growing traffic
congestion.

Peak-Hour Buses Crossing Selected Screen Lines

The critical capacity “crunch” for buses on Manhattan streets
and avenues is within the CBD at points of major passenger

boarding and alighting. This is because the ability of curb
lanes to handle passengers and buses at key boarding points
determines the capacity of the system. Accordingly, analyses
were made of bus flows across the 60th Street, 44th Street—
50th Street, and Maiden Lane—Liberty Street screen lines
during the two peak hours.

60th Street Screen Line

The distributions of express and local buses by avenue across
the 60th Street screen line are given in Tables 2 and 3 for the
1987 morning and evening peak hours, respectively. The con-
centrations of inbound buses along Madison Avenue are ap-
parent. Fifth Avenue carried 78 percent of the total inbound
express buses, and Madison Avenue carried 79 percent of the
total outbound express buses.

44th Street—50th Street

Tables 4 and 5 give the number of peak-hour local and express
buses on each Manhattan avenue across the 44th Street—50th
Street screen line (for conditions between 1986 and 1988).
These tables indicate a major concentration of express buses

TABLE 2 EXPRESS AND LOCAL BUS VOLUME CROSSING
60TH STREET SCREEN LINES BY FACILITY, 8 TO 9 A.M.
PEAK HOUR, INBOUND, 1987

60TH STREET SECTOR EXPRESS BUS LOCAL BUS TOTAL

FDR DRIVE 3 ] -
YORK AVENUE 10 16 26
2ND AVENUE 0 29 29
LEXINGTON AVENUE 14 32 46
FIFTH AVENUE 87 59 146
BROADWAY 6 54 60
COLUMBUS AVENUE 2 17 19
WEST END 0 8 8
TOTAL 122 215 337
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TABLE 3 EXPRESS AND LOCAL BUS VOLUME CROSSING
60TH STREET SCREEN LINES, 5 TO 6 P.M. PEAK HOUR,

OUTBOUND, 1987

60TH STREET SECTOR

EXPRESS BUS

FDR DRIVE

YORK AVENUE

1ST AVENUE

3RD AVENUE
MADISON AVENUE
8TH AVENUE
BROADWAY
AMSTERDAM AVENUE
WEST END AVENUE

TOTAL

LOCAL BUS TOTAL
4] 2
11 1)
32 40
29 39
41 138
11 19
53 53
8 14
7 7

192 VR

SOURCE: Hub-bound Travel

New York Metropolitan
Transportation Council

TABLE 4 PEAK-HOUR BUSES BY TYPE OF BUS, 44TH
STREET-50TH STREET SCREEN LINE, 8 TO 9 A.M., 1986-1988

EXPRESS LOCAL TOTAL
LOCATION (SB)
2ND AVENUE 89 46 135 (78)
LEXINGTON AVENUE 38 21 59
STH AVENUE 104 60 164
7TH AVENUE 11 52 63
BROADWAY 13 23 36
9TH AVENUE - 7(1) 7
TOTAL 255 209 464 (78)
LOCATION (NB)
IST AVENUE - 50(1) 50
3RD AVENUE 54 21 75 (11)
MADISON AVENUE 135 45 180
AVE OF THE AMERICAS 118 24 142
8TH AVENUE - 50(1) 50
10TH AVENUE (1) - 7 7
TOTAL 297 147 504 (11)

() DEADHEADING BUSES

SOURCE:

NYCDOT - UNFRANCHISED BUS PLANNING STUDY, MARCH, 1988

(1) NYCTA 1988 LOCAL BUS VOLUMES

on Madison Avenue, Fifth Avenue, and Avenue of the
Americas.

During the morning peak hour, there were 255 express and
209 local buses southbound and 297 express and 147 local
buses northbound. Fifth Avenue carried 41 percent of the
southbound express buses and 29 percent of the southbound
local buses. Madison Avenue carried 45 percent of the north-
bound express buses but only 31 percent of the northbound
local buses. Avenue of the Americas carried 40 percent of
the northbound express buses.

During the evening peak hour, there were 161 express and
178 local buses southbound and 229 express and 216 local
buses northbound. Fifth Avenue carried 85 percent of the
southbound express buses but only 33 percent of the north-

bound local buses. Madison Avenue carried 59 percent of the
northbound express buses but only 23 percent of the south-
bound local buses. Avenue of the Americas carried 34 percent
of the northbound express buses but only 12 percent of the
local buses.

Maiden Lane—Liberty Street

Table 6 gives the number of peak-hour buses crossing the
Maiden Lane-Liberty Street screen line during the morning
peak hour. The southbound express buses concentrated on
Broadway, and the northbound express buses concentrated
on Trinity Place/Church Street. FDR Drive, however, carried
some southbound express buses.
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TABLE 5 PEAK-HOUR BUSES BY TYPE OF BUS, 44TH
STREET-50TH STREET SCREEN LINE, 5 TO 6 P.M., 1987-1989

EXPRESS LOCAL WAL

LOCATION (SB)

“T2ND AVENUE 4 20 24
LEXINGTON AVENUE 14(a) 44 58
STH AVENUE 137 59 196
JTH AVENUE - 13 13
BROADWAY 6(a) 36 43
9TH AVENUE - 6 6

TOTAL 168 178 339

LOCATION (NB)

IST AVENUE - 40 40
3RD AVENUE 10(a) 44 54
MADISON AVENUE 134 49 183
AVE OF THE AMERICAS 77 25 102
8TH AVENUE 8(a) 52 60
10TH AVENUE - 6 6

TOTAL 229 716 445

NOTES & SOURCES

(a) - 1987 - NORTHBOUND ACROSS 60TH STREET CORDON
LOCAL BUSES - NYCTA 1988 SCHEDULES
EXPRESS BUSES - 1989 FIELD SURVEYS NYC DCP

TABLE 6 PEAK-HOUR BUSES CROSSING MAIDEN
LANE-LIBERTY STREET SCREEN LINE BY TYPE OF

BUS, 8 TO 9 A.M., 1986-1988

LOCATION EXPRESS LOCAL TOTAL
SOUTHBOUND
FDR DRIVE 37 (23) 0 37 (23)
SOUTH STREET 1 0 1
WATER STREET 36 7 43
BROADWAY 96 (13) 13 109 (13)
WEST STREET 57 (39) 1 58 (39)
TOTAL 227 (75) 21 248 (75)
NORTHBOUND
FDR DRIVE 53 0 53
WATER STREET 11 7 18
TRINITY PLACE/
CHURCH STREET 143 21 164
WEST STREET 0 72 72
TOTAL 207 100 307

( ) DEADHEAD BUSES

SOURCE: UNFRANCHISED BUS PLANNING STUDY

NYCDOT, MARCH, 1988

ANALYSIS OF CONGESTED CORRIDORS

Several bus corridors in Manhattan are critical in terms of bus
volumes and speeds, including Fifth, Sixth, and Madison av-
enues in Midtown and Broadway and Church Street in Lower
Manhattan. Each of these streets carries more than 100 buses
in the peak hour, each is heavily used by express buses, and
each has peak-hour bus speeds of less than 8 mph (usually 3
to 5 mph).

The maximum observed hourly bus volumes crossing se-
lected screen lines in the congested corridors are summarized

in Table 7. These flows are based primarily on the bus volume
counts conducted during the past decade at the various cordon
and screen lines. They show the highest volumes that were
observed without regard to the year of observation.

e At the 60th Street screen line, a maximum volume of 223
buses was observed southbound on Fifth Avenue during the
morning peak hour. During the evening peak hour, Madison
Avenue carried a maximum volume of 206 buses northbound.

® At the 44th Street—50th Street screen line, a maximum
volume of 196 southbound buses was observed on Fifth Av-
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TABLE 7 MAXIMUM OBSERVED PEAK-HOUR BUS VOLUMES

NUMBER OF BUSES

SCREEN LINE AND AVENUE DIRECTION AM PEAK PM PEAK
HOUR HOUR
A. 60TH STREET
FIFTH AVENUE SOUTHBOUND 146(223) NA
MADISON AVENUE NORTHBOUND NA 138(206)
B. 44TH/S0TH STREET
FIFTH AVENUE SOUTHBOUND 164 196
MADISON AVENUE NORTHBOUND 180 183
AVENUE OF THE
AMERICAS NORTHBOUND 142 102
C. MAIDEN LANE/LIBERTY STREET
BROADWAY SOUTHBOUND 109 150
TRINITY PLACE/
CHURCH STREET NORTHBOUND 164 NA

Note: 1987-9 Volumes are shown. Maximum volumes between 1983 and

1989 are shown in parenthesis

NA = Not Applicable

enue, 183 northbound buses on Madison Avenue, and 142
northbound buses on Avenue of the Americas.

DEFINING LIMITS OF ACCEPTABLE BUS
SERVICE

The next step was to estimate (a) how many additional peak-
hour buses Manhattan CBD streets can accommodate and
(b) how many additional buses can cross the Manhattan cor-
don when keyed to the ability of the Manhattan streets to
accommodate them.

Capacity Factors

The maximum number of buses that can operate through a
street system is determined by the capacity of the approach
roadways and that of the points of maximum passenger board-
ing and discharge, whichever is less. In most cases, capacity
is limited by the ability of buses to board and alight passengers
at the busiest bus stops. This is true in the Manhattan CBD.
Many crossings of the East and Hudson rivers can accom-
modate more buses (though cars would be displaced); the
choke points for buses occur along a few arteries in Midtown
and Lower Manhattan.

The maximum number of buses that can operate on any
street depends on the characteristics of the street (e.g., num-
ber of travel lanes, traffic signal timing, traffic regulations,
and availability of bus-only lanes), the nature of adjacent land
use (e.g., residential or commercial); the patterns of passen-
ger boarding and alighting, and the fare collection methods
used.

More specifically, the capacity of a bus lane in buses per
hour depends on the following:

® Green/cycle ratio,
® Dwell times at major stops,
® Specified spacing (in seconds) between buses,

e Number of effective berths, and
@ Allowance for bunching of vehicles and overloading or
failure of the stop.

Dwell times depend on the door configuration, fare structure,
and number of boarding and alighting passengers.

The availability of bus priority lanes significantly increases
the number of buses that a street can accommodate. Curb
space and the availability of bus-only lanes are far more im-
portant determinants of street capacity than is street width.
Ideally, the number of buses operating on any street should
be less than the maximum number possible.

The 1985 Highway Capacity Manual (1, Table 12-11) sug-
gests the following guidelines for the maximum number of
buses per lane per hour. The guidelines are based on the
assumption that buses operate in an exclusive lane and stop
to discharge or receive passengers.

Level of Service Arterial Street CBD Street
D 81-105 61-80
E (maximum) 106-135 81-100

Suggested Guidelines

Suggested guidelines for acceptable bus service on Manhattan
streets were developed on the basis of observations of bus
operations and volume and speed data. The guidelines, given
in Table 8, adapt the Highway Capacity Manual criteria to
Manbhattan. The values set forth in the manual were modified
to reflect Manhattan operating conditions and experiences.
Table 8 shows both the maximum number of buses and the
acceptable (desired) limit (about 90 percent of the maximum).
The capacities are less in the evening peak hour than in the
morning because of the longer passenger service times asso-
ciated with boarding passengers.

The dual bus lane operations on Madison and Fifth avenues
have maximum capacities of about 225 and 200 buses during
the morning and evening peak hours, respectively. The ac-
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TABLE 8 SUGGESTED LIMITS FOR STREETS AND AVENUES

(MIDTOWN AREA)

AVENUE OR STREET

ESTIMATED MAXIMUM BUSES/HOUR

CAPACITY DESIRED LIMIT
FIFTH AVE-MADISON AVE (1) 200 (AM) 180 (AM)
(DUAL BUS LANES) 180 (PM) 150 (PM)
SINGLE BUS LANE 120 (AM) 90 (AM)
(WITH PASSING OPPORTUNITY -
WIDE AVENUES) 90 (PM) 80 (PM)
SINGLE BUS LANE 80 (AM) 70 (AM)
(WITH NO PASSING OPPORTUNITY -~
I.E. NARROW AVENUES~CROSS
STREETS) 70 (PM) 60 (PM)
BUSES IN CURB LANE WITH 70 (AM) 60 (AM)
MIXED TRAFFIC 60 (PM) 50 (PM)

(1) 5TH AVE OPERATES LARGELY AS A DE

ceptable (or desired) levels of bus flow on these streets (limits)
are 180 and 150 buses per hour during the morning and eve-
ning peak hour, respectively.

On Manhattan avenues (north-south streets) having a single
bus lane, acceptable bus flow volumes of 90 buses per hour
during the morning peak hour and 80 buses per hour during
the evening peak hour appear reasonable.

Volume-Capacity Comparisons

Table 9 indicates that the actual number of buses on most
Midtown avenues during the peak hour is less than the desired
limit. The principal exceptions arc Fifth, Madison, and Sixth
avenues. However, if a dual bus lane were provided on Sixth
Avenue, the peak flows would fall below the desired limits.

Table 10 indicates that bus flows on both Church Street
and Broadway in Lower Manhattan approximate the desired
limits for these streets.

The tables have several implications.

1. Buses on Madison and Fifth avenues operate at capacity
with dual bus lanes, Therefore, no additional buses making
passenger stops should be allowed on these streets during peak
hours.

2. Sixth Avenue can accommodate additional buses if dual
bus lanes are provided and right turns are prohibited during
peak hours.

3. Lexington, Second, and Third avenues can accommodate
more peak-hour buses.

4. Church Street and Broadway in Lower Manhattan ap-
pear to be unable to carry more buses in rush hours. Some
gains might be achieved by limiting the number of cars on
Broadway in the evening rush or providing dual bus lanes,
and by running more buses nonstop on Church Street through
Lower Manhattan.

FACTO DUAL BUS LANE

Increasing Buses in the Manhattan CBD

The number of additional buses that could be effectively ac-
commodated in the Manhattan CBD over the existing streets
and with operational changes was estimated.

It was assumed that no changes would be made in street
directions, but that certain operational changes would be made
to accommodate additional express buses. It was also assumed
that buses would receive and discharge passengers in the heart
of Midtown. Therefore, the capacity reserves on the periph-
eral avenues (First, Second, Eighth, and Ninth) were not
considered. These streets could accommodate additional buses,
but they are too far from most passengers’ destinations and,
therefore, would have limited passenger attraction.

Table 11 gives the additional express buses that could be
accommodated in the Manhattan CBD with certain opera-
tional changes and the likely orientation of the additional
buses.

e |exington Avenue, in conjunction with dual bus lanes on
Sixth Avenue, could allow 30 more peak-hour buses each way.
The buses probably would run to or from the Bronx.

® A pair of bus-taxi streets (53rd and 54th streets) could
carry 60 more peak-hour buses each way. They could serve
Queens and use Second and Third avenues for access to the
Midtown Tunnel and Queensboro Bridge.

e A new Lower Manhattan bus terminal could serve at least
100 peak-hour buses from Brooklyn, Staten Island, and New
Jersey.

Additional local buses could be accommodated on all north-
south avenues except Lexington, Fifth, Sixth, and Madison
avenues. The number of added peak-hour buses would range
from about 25 on First Avenue to more than 70 on Tenth
Avenue.

The 42nd Street transitway is planned to be built in two
stages. The first stage will consist of dual eastbound bus lanes



TABLE 9 BUS VOLUME CAPACITY COMPARISONS, MIDTOWN (ABOUT

50TH STREET—ALL BUSES)

AM PEAK HOUR

OBSERVED DESIRED RESERVE
PERK LIMIT
BUSES/HOUR
NORTHBOUND
1ST AVE 50 90 40
3RD AVE 64 90 .26
MADISON AVE 180 180 0
6 TH AVE 142 90{a} [180] -52(38]
8TH AVE 50 90 40
10TH AVE 7 90 83
SOUTHBOUND
2ND AVE 57 90 33
LEX INGTON 59 90 31
5TH AVE 164 180{e} 16
BROADWAY 36 90{d} 44
7TH AVE 63 90{d} 83
9TH AVE 7 90(d} 83
PM PEAK HOUR
NORTHBOUND
1ST AVE 40 80 40
3RD AVE 54 80 26
MADISON AVE 183 150{b} -33
6TH AVE 102 80{c}[150] -22[48]
8TH AVE 60 80 20
10TH AVE 6 80 74
SOQUTHBOUND
2ND AVE 24 80 46
LEX INGTON 58 80 32
S5TH AVE 196 150{a} -46
BROADWAY 42 go{d} 38
7TH AVE 13 80{d} 27
9TH AVE 6 80{d}) 74
NOTES: {a} Maximum Capacity 120
{b} Maximum Capacity 180-200
{c] Maximum Capacity 90
{d} Assumes buses pre-empt curb lane
{e} Maximum Capacity 200-225
Note: When volumes exceed capacity, this implies recurrent

"spillover" of buses into adjacent lanes.

[Figures in brackets show likely capacity gains from dual bus lane on 6th
Ave (Avenue of the Americas)])

TABLE 10 BUS VOLUME-CAPACITY COMPARISONS, CHURCH
STREET-BROADWAY, LOWER MANHATTAN, A.M.

EXISTING DESIRED RESERVE
PEAK HOUR LIMIT
BUSES
CHURCH STREET 164 180(a) 16
BROADWAY 150 150(a) 0

(a) Estimated.
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TABLE 11 ESTIMATED ADDITIONAL EXPRESS BUSES THAT COULD BE

ACCOMMODATED IN CBD

ADDTTTONAT, BISES

OPERATIONAL AM PM LIKELY
STREET CHANGE PEAK HOUR PEAK HOUR ORIENTATION
LEXINGTON AVENUE REROUTING 30 30 )
)  BRONX
SIXTH AVENUE DUAL BUS LANES 30 30 )
54TH STREET ONE-WAY 60 60 )
BUS STREETS )
)  QUEENS
53RD STREET BUSES RUN NON-STOP 60 60 )
VIA 3RD-1ST AVE )
TOTAL, MIDTOWN 180 180
LOWER MANHATTAN )  BROOKLYN
TERMINAL TOTAL, DOWNTOWN 100 100 )  STATEN
)  ISLAND
)  NEW JERSEY
TWO-WAY TOTAL 280 280
ONE-WAY TOTAL 190 190

Source: Estimated

and a single westbound bus lane. These lanes largely would
be preempted by the existing local and airport buses using
42nd Street. However, some reserve would be available. When
the two-way transitway is built along the south side of 42nd
Street (the second stage), it may be possible to operate more
buses. The number of additional buses will depend on policy
decisions about light rail versus bus operations.

Setting Limits on Gateways

The possibility of setting limits on the number of express buses
entering Manhattan from outer boroughs and New Jersey was
suggested in a study (2). Such limits do not appear necessary
now because (@) the number of express buses entering Man-
hattan has declined in recent years; (b) bus flow is limited by
the capacity of the major passenger boarding points within
the business district, not at the gateways to Manhattan; and
(c) enforcement would be difficult and probably would have
to be done through the franchising process.

Moreover, new legislation would be required to establish
the ceilings. It would be especially difficult to limit the number
of buses coming from New Jersey, because these buses are
certified to operate by the Interstate Commerce Commission,
not by New York City.

Roads entering Manhattan operate at capacity. The in-
creased bus volumes would displace cars. Whereas the au-
tomobile peak period might be lengthened, passenger pro-
ductivity (i.e., passengers carried per lane per hour) would
increase if more buses were in the traffic stream.

Because buses are more efficient users of street space than
cars, car restrictions should take precedence over bus restric-
tions. Therefore, placing limits on the gateways to Manhattan
becomes meaningful only if express bus volumes rise or as

part of the city’s forthcoming strategies to reduce bus-induced
congestion and improve air quality.

Substantial increases in the number of express buses en-
tering Manhattan in peak periods could be accommodated if
street and terminal space in Manhattan were adequate. Pro-
vision of bus-only lanes through the Brooklyn-Battery and
Queens Midtown tunnels could enable 500 or more buses per
hour to enter Manhattan, compared with less than 200 per
hour today. However, the existing streets and terminal facil-
ities could not handle these flows. Consequently, the number
of additional peak-hour buses entering Manhattan should he
compatible with the number that can be accommodated by
the street system. An initial formulation of such limits by
gateway is given in Table 12.

Table 12 indicates that the existing street system limits the
number of buses entering Manhattan to 1,570. With opera-
tional improvements, this number could increase to 1,760.
(The maximum observed volume in 1985 was 1,553.) A limit
of 1,330 buses leaving Manhattan in the evening peak hour
is indicated. With operational improvements, this could in-
crease to 1,490. (The maximum observed volume in 1985 was
1,318.)

Setting Site-Specific Limits

The number of buses that any avenue can carry depends on
the capacity and use of the key bus stops along the avenue
and the stopping pattern of buses. The capacity of a stop
depends on the number of loading positions and the bus dwell
times. The bus dwell times, in turn, depend on the number
of alighting and boarding passengers, method of fare collec-
tion, and bus door configuration.

Thus, a more desirable approach is to identify proposed
stopping patterns and to determine whether existing stops
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TABLE 12 SUGGESTED LIMITS FOR EXPRESS BUSES BY SECTOR,
KEYED TO CAPACITIES OF EXISTING STREETS

A. AM PEAK HOUR - INBOUND

SUGGESTED
LIMIT
MAXIMUM
SECTOR OBSERVED EXISTING OPERATIONAL
VOLUME STREETS IMPROVEMENTS
60TH STREET 228 230 260 (1)
BROOKLYN 205 210 260 (2)
QUEENS 216 220 280 (3)
SUBTOTAL 649 660 800
NEW JERSEY 904 910 960 (4)
TOTAL 1553 1570 1760
B. PM PEAK HOUR - OUTBOUND
SUGGESTED
LIMIT
MAXIMUM
SECTOR OBSERVED EXISTING OPERATIONAL
VOLUME STREETS IMPROVEMENTS
60TH STREET 199 200 230 (1)
BROOKLYN 142 150 200 (3)
QUEENS 140 140 170 (2)
SUBTOTAL 481 490 600
NEW JERSEY 837 840 890 (3)
TOTAL 1318 1330 1490
NOTES: (1) Assumes Dual Bus Lanes - 6th Ave

(3) Assumes 53-54th Bus—Taxi Streets
(2) Assumes Battery Garage Bus Terminal

have the capacity to serve more buses. NYC DCP is pursuing
this approach in reviewing new bus franchise applications.
Pilot analyses—applying Highway Capacity Manual formu-
las—indicated that key bus stops along Madison and Fifth
avenues operate at or near capacity during the evening peak
period, depending on the acceptable probability of conges-
tion. The analyses confirmed the desirability of not adding
more express bus routes to these avenues (3).

Improving Operations
Operations and capacities can be improved in several ways.

1. Enforcement of bus lanes should be intensified. This is
a productive use of resources in terms of the people benefited.

2. Fare collection practices should be modified. Wide-
spread use of passes, express bus tokens, automatic fare cards,
and fare boxes that accept dollar bills would reduce dwell
times. A “‘pay as you exit” procedure on outbound trips would
also reduce dwell times in the CBD.

3. Electronic fare boxes should be provided on all buses.

4. Articulated (or double-decked) buses should be consid-
ered for some of the longer expressway runs, such as the TA

service to Staten Island, because they can carry 25 to 35 per-
cent more people per hour than conventional buses.

5. Providing better layover areas in Midtown would reduce
deadhead bus flows.

IMPLICATIONS AND DIRECTIONS

The following directions emerge from the analyses of express
bus operations in the Manhattan CBD.

1. Manhattan’s local buses serve a market different from
that served by parallel subway lines. Passenger trips are short
(median 1.0 to 1.2 mi) and are not easily transferable to
subway. Thus, it is not practical to remove local buses from
key avenues to allow more space for express buses.

2. Express buses constitute the bulk of the bus volumes
entering the Manhattan CBD and on Manhattan avenues.
They are concentrated on Fifth, Madison, and Sixth avenues
in Midtown, and on Broadway and Church Street in Lower
Manhattan. These avenues penetrate the major employment
concentrations. Eight of every 10 Midtown-destined bus riders
have destinations between Third and Eighth avenues. Al-
though some express buses may be diverted to peripheral
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streets, most bus companies want to run buses on Fifth, Sixth,
and Madison avenues, because these streets serve areas where
most riders want to go.

3. It is not desirable to set limits on the number of express
buses that can enter or leave the Manhattan CBD during peak
hours. Setting limits for bus flows at gateways to Manhattan
would become appropriate only as part of NYCDOT’s overall
Manhattan congestion-reduction program or if express bus
volumes rise substantially. The key issue is one of accom-
modating buses at major boarding points rather than at gate-
ways. Bus flows are critical in the Manhattan CBD, where
heavy passenger boarding and alighting take place, not at the
gateways. (The exception is Fifth Avenue north of 57th Street
in the morning, where buses are limited to a single lane.) In
addition, the number of express buses entering or leaving the
Manhattan CBD has declined in the last few years, enforce-
ment of such a ceiling could prove difficult, and legal problems
could result from setting a ceiling.

4. There is little, if any, space for additional buses in the
Manhattan CBD during peak hours on Madison, Fifth, and
Sixth avenues in Midtown, and along Broadway and Church
Street in Lower Manhattan.

5. The best way to assess the ability of a street to carry
more buses is to evaluate the capacity and use of each stop
and to determine whether existing stops can serve additional
buses. Key questions to be addressed on a site-specific basis
are the following: Where will new express bus routes run?
Where will they receive and discharge passengers? Is there
enough curb-loading space at specific stops to handle the ad-
ditional buses? Pilot analyses indicated that key express bus
stops along Fifth and Madison avenues were operating at or
near capacity. Bus lanes along Broadway and Church Street
in downtown Manhattan also operate at capacity.

6. Intensified enforcement, improved fare collection prac-
tices, widespread use of electronic fare boxes, articulated bus
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operations, and better layover practices could improve bus
flows on Manhattan streets and avenues.

Analysis of potential markets indicates relatively limited
opportunities for additional express service. Thus, major growth
in express buses on Manhattan streets is not likely, and major
restrictions on additional buses on Manhattan avenues are not
essential at present.

Continued improvements in subway service, such as station
modernization, new cars, and signal control changes, will af-
fect future bus ridership, making the likelihood of dramatic
increases in express buses on Manhattan streets even more
remote. Finally, if a limit is to be implemented, perhaps cars
rather than buses should be restricted.
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Evaluation of Automatic Passenger
Counters: Validation, Sampling, and

Statistical Inference

JaMEs G. STRATHMAN AND JANET R. HOPPER

Whereas automatic passenger counters (APCs) offer the potential
for cost-effective data recovery, they introduce new complications
in the data recovery process. Three issues associated with the use
of APCs are addressed on the basis of the experience of the Tri-
County Metropolitan Transportation District of Oregon. The first
issue is validation, which concerns both recovery and accuracy of
APC passenger data. The second concerns the design of a sam-
pling methodology for APCs compatible with UMTA’s Section
15 reporting requirements. Third is inferring system-level rider-
ship from sample data in the presence of selective APC failures.
APCs provided systematically accurate passenger counts. Given
that APCs recover operating data for all bus trips making up a
vehicle schedule, a cluster sampling method was developed. Se-
lective data recovery failures can bias estimates of system-level
ridership. When data recovery rates vary by bus type, route type,
or time of day, inferences may over- or underrepresent total
system ridership. In these circumstances, post hoc stratification
of the sample is recommended. Several alternative corrections
based on a priori knowledge of the mix of bus types and schedule
characteristics in the system are presented.

Automatic passenger counters (APCs) offer potential benefits
to transit operators in data acquisition, management, and
utilization. Compared with manual collection, APCs are cost-
effective for larger transit systems, and they provide better
data turnaround and improved accuracy (7). They can also
recover the large quantities of information required in ana-
lyzing transit performance at the disaggregate level, thus per-
mitting greater sensitivity in service scheduling and planning.

Along with these potential gains, however, come several
complications not found with manual data collection. First,
only selected buses in the fleet—usually about 10 percent
(2)—are equipped with APCs, and this results in a depen-
dence on bus-specific assignments to selected routes rather
than random assignment of surveyors. Even under the best
of circumstances—where the requests for and actual assign-
ments of APC buses are well coordinated—Iless flexibility
exists in the data recovery process. Second, whereas APCs
generally return more accurate data than manual counters,
many of the data are screened out because of functional in-
consistencies. Apart from the resulting need for larger sample
sizes is the question of whether, following the screening of
unusable data, the remaining information still constitutes a
representative sample of bus trips for the system. If failure

J. G. Strathman, Center for Urban Studies, School of Urban and
Public Affairs, Portland State University, P.O. Box 751, Portland,
Oreg. 97207-0751. J. R. Hopper, Tri-County Metropolitan Trans-
portation District, 4012 SE 17th Avenue, Portland, Oreg. 97202.

rates are systematically related to route or other operational-
specific characteristics, a nonresponse type of bias might un-
dermine the sample ridership statistics and, consequently, in-
ferences of systemwide operating performance. Third, with
manual data collection, surveyors are typically assigned to
randomly selected bus trips. With APCs the unit of obser-
vation is the “train” or “block,” which consists of all the
scheduled service performed by a bus during an operating
day. The bus trips of a train are not independent, and thus
the sampling framework recommended by UMTA (3) cannot
be used. As a result, an alternative methodology must be
designed consistent with the APCs’ operating features.

These issues are addressed in the coming sections. On the
basis of information drawn from the recent performance of
APCs used by the Tri-County Metropolitan Transportation
District of Oregon (Tri-Met), data recovery is considered by
analyzing the accuracy of the data generated by APCs and
the sources of data recovery failures. Whether the set of trains
from which data have been successfully recovered represents
an equal probability sample is then determined. A sampling
methodology is developed ensuring that the selection of bus
trips (through the selection of trains) is both random and of
sufficient size to comply with UMTA’s Section 15 reporting
requirements. Finally, a remedy for correcting sample statis-
tics subject to bias from nonrandom data recovery failures is
suggested.

EVALUATION OF APC PERFORMANCE
Data Recovery

Tri-Met’s APC system uses infrared sensors located about
waist high at the stairwells of the front and rear bus doors.
An on-board microprocessor records passenger boardings and
alightings, times, and distances. At the end of the day the
recovered data are transferred to a microcomputer using an
automated infrared transmitter that scans the buses from fixed
stations at each of the agency’s three garages. The system was
manufactured by Red Pine Instruments of Denbigh, Ontario,
and is installed on 50 of Tri-Met’s 567 buses. Implementation
of the APCs was initiated in 1982, and Tri-Met has relied on
the system to provide data for UMTA Section 15 reporting
since the 1986 fiscal year. APC-generated data are also used
internally for route performance reporting and contribute to
a lesser extent to scheduling and analysis.
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Software for validating and managing the APC data was
developed in-house. Incoming data are assigned route and
bus identification codes and are then aggregated to the bus
trip level. A program checks the data for compatibility with
various validation standards. Train or trip level data that fail
to meet these standards are purged. At the train level, ob-
servations are deleted for the following reasons: (a) recorded
distance differs from actual by more than 15 percent, (b) time
between pullout and pull in differs by more than 30 min from
the service schedule, or (c) total boardings and alightings
differ by more than 10 percent.

Validation standards covering distances and pullout and
pull-in times at the bus trip level are also applied. If several
of the trips in a train are deleted, the remaining trips in that
train are more thoroughly evaluated manually, which may
result in purging the data for an entire train.

The sampling plan used by Tri-Met is organized around the
five sign-up periods making up annual scheduled service. The
objective of the plan is to sample the scheduled trips in each
sign-up uniformly. Execution of the sampling plan requires
the involvement of several divisions. The scheduling division,
using a selection program that assigns higher selection prior-
ities to trains that have been undersampled previously, draws
a sample of trains daily. The trains selected for sampling by
the scheduling division are called “requests.” Daily lists of
requests are provided to the operations division, which is
responsible for assigning an appropriate APC-equipped bus
model to each of the trains requested. In practice, not all the
trains from the daily list of requests are successfully assigned
an APC bus, and sometimes APC buses are assigned to trains
that were not requested. Thus the daily tally of assignments
consists of a group of trains for which APC buses were both
requested and assigned and a group of trains for which APC
buses were assigned but not requested. Finally, the train as-
signments (both requested and unrequested) that return valid
data are defined to represent the set of successfully sampled
trains.

Information on the degree of success recently encountered
by Tri-Met in recovering data with the APC system is pre-
sented in Table 1. Records from the first half of the April—
June 1989 sign-up identity 1,589 requests, of which 1,089 (69
percent) were assigned APC buses. Another 325 trains that
were not requested were assigned APC buses. Valid data were
recovered from 286 of the trains that had been requested and
from 82 unrequested trains. Thus data were recovered from
26 percent of all assignments.

Losses of data resulted from various causes, including ex-
ceeding time tolerances (7 percent of the total failures), dis-
tance tolerances (5 percent), discrepancies between boardings
and alightings (7 percent), incorrect or missing assignment
information in the train records (11 percent), recovered data
that were unusable (8 percent), and failures due to bus or
equipment malfunction (62 percent). The last category rep-
resents cases for which no data were returned by the APCs.
Failures in this category include instances in which the APC
unit accidentally reset, buses did not pull close enough to the
transmitter to allow transfer of the data, the microprocessor’s
memory was filled and could not record more data, and data
were not recorded because of equipment breakdown.

Of the 1,414 train assignments, 368, or 26 percent, returned
valid data. This rate is considerably lower than what has been
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TABLE 1 BREAKDOWN OF APC DATA RECOVERY,
APRIL 1989 SIGN-UP

No, | %
1. Trains Requested 1,589 100
2. Trains Assigned
a. Asrequested 1,089 77
b. Unrequested 325 23
¢. Total assignments 1414 100
3. Data Recovered
a. From requesied trains 286 78
b. From unrequested trains 82 22
c._From all assigned trains 368 100
4. Data Recovery Failures, due to
a. Time tolerances 71 7
b. Distance tolcrances 56 5
c.  On/off tolerances 71 7
d. Incorrect/missing assignment information 113 11
e. Unusable data 85 8
f. Nodaa 650 62
g. All sources (a-f) 1,046 100

I The percentage figures pertain to the breakdowns within each

numbered calegory.

reported in other studies of APC performance (1,4). Gen-
erally, about 80 percent of all train assignments have been
reported to return valid data. The reasons for this difference
cannot be further explored because of the lack of more de-
tailed information about the performance of other APC sys-
tems. Among the factors contributing to Tri-Met’s low data
recovery rate could be differences in screening tolerances used
in validating the data, differences due to the mix of APC-
equipped bus types in Tri-Met’s fleet, and differences in APC
technology. Given both the relatively small data recovery rate
and the inclusion of unrequested trains, the question of non-
response or sampling bias, or both, arises. It is therefore
necessary to determine if the data losses were random or were
systematically related to train-specific characteristics.

Determinants of Successful Data Recovery

The September—November 1988 sign-up was selected for a
regression analysis of factors related to successful data re-
covery. Tri-Met staff considered this sign-up typical in regard
to APC performance and other operating and ridership char-
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acteristics. During the sign-up 588 trains provided daily week-
day service. Valid data were recovered from 1,552 assign-
ments (about 3.4 percent of total scheduled weekday service).
The following model was specified to examine the effects of
train-specific characteristics on successful data recovery:

SAMP = f(APC, REQ, ASG, AM, PM, G, G,,
ARTIC, ADB, B500, B300)

where

SAMP = the number of assignments in each train that
recovered valid data;

APC = the number of available APC buses of the re-
quested type at the garage from which each train
assignment was made;

REQ = the number of times each train was requested;

ASG = the number of times each train was assigned;

AM = 1 if the train provided only a.m. peak service,
0 otherwise;
PM = 1 if the train provided only p.m. peak service,
0 otherwise;
G, = 1 if the train was dispatched from Garage 1, 0
otherwise;
G, = 1 if the train was dispatched from Garage 2, 0
otherwise;
ARTIC = 1 if the train was an articulated bus model
(Crown-Ikarus), 0 otherwise;

ADB = lifthe train was an ADB bus model (40-ft GMC
RTS-1I), 0 otherwise;

B500 = 1 if the train was a B500 bus model (40-ft Flex-
ible “Metro”), 0 otherwise; and

B300 = 1if the train was a B300 bus model (35-ft Flex-
ible “New Look’"), 0 otherwise.

The APC variable was included in the specification to ac-
count for differences in the number of APC buses of each
relevant type at each garage. Data recovery is expected to
improve when more buses are available for assignment. The
number of requests was included to control for trains that
were not successfully assigned because of operational or me-
chanical problems. Tri-Met’s sampling software places a higher
subsequent selection priority on trains that are requested but
not assigned. A greater frequency of requests would thus be
associated with trains that are not successfully recovering data.
The number of assignments controls for variations in data
recovery attributable to the relative frequency of train as-
signments; in other words, some trains may recover valid data
more frequently because they are assigned more frequently.
AM and PM were included because these trains are in service
for a shorter time and should be more reliable in returning
data successfully. They are also likely to have higher ridership
per bus trip than “day” trains and thus could shift the sample
statistics upward if they are overrepresented. The garage var-
iables were included to check for differences in data recovery
attributable to the performance of the system among Tri-
Met’s three garages. The variables G, and G, represent the
operator’s two satellite facilities. The four fleet type variables
are included to determine whether variations in data recovery
can be linked to the mix of bus types in the system.

Table 2 presents descriptive statistics and parameter esti-
mates for the data recovery model. The R? of .62 and overall
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TABLE 2 REGRESSION ESTIMATES OF THE
DETERMINANTS OF TRAIN LEVEL DATA RECOVERY,
SEPTEMBER 1988 SIGN-UP

| Variable Mean St. Dev. Cocllicient 1-ralio
Constant n.a. n.a. .26 1.76
APC 6.86 5.01 .169 467+
REQ 4.46 5.03 =252 -10.81%*
ASG 5:52 3.66 235 7,00%*
AM .29 45 311 2.43%
PM .30 A6 782 6.10%*
G 31 46 -.666 -4.20%*
Gy 32 A7 861 6.16+*
ARTIC 15 .35 -.136 -.76
ADB .15 336 2.090 10.62**
B500 .09 28 -.061 .29
B300 .30 .46 1.285 8.48**
R2 =.62
F = 86.14
n = 588

* Significant at the .01 level.

** Significant at the .0001 level.

Fvalue of 86.14 indicate that the model provides a moderately
strong fit of the data. The parameter estimates for APC,
REQ, and ASG have the expected signs and are highly sig-
nificant. AM peak trains returned 0.3 more observations per
train than day trains, whereas the net increase for PM peak
trains was about 0.8. Both are statistically significant and
represent increases of approximately 10 and 30 percent over
the data recovery rate for day trains.

Among the various bus types, the ADB and B300 models
recovered 2.1 and 1.3 more sample observations per train
than the “reference” bus type (B100/1000, which includes 40-
ft AMGeneral and 40-ft Flexible “New Look” models). Ga-
rage 1 produced 0.67 fewer and Garage 2 produced 0.86 more
observations per train in relation to the central garage. These
differences are most likely due to breakdowns of the fixed-
station transmitters at the garages, because assignments are
proportionately distributed among the three garages. The
transmitter at Garage 2, by implication, experienced fewer
problems than the transmitters at the other two garages. Al-
ternatively, some routes may be more likely to return valid
data than others; a variation in the composition of route types
by garage could affect relative data recovery rates.

Besides isolating various determinants of successful data
recovery, the regression results point to possible sources of
over- and underrepresentation of trains in the effective sam-



72

pling scheme. Of particular concern are the AM and PM peak
trains and two of the bus types. Significant differences in
ridership characteristics among the trains in question can rep-
resent a source of bias in the overall sample estimates of
ridership and other operating characteristics. This issue is
addressed further in the section on sample inferences.

Measurement Accuracy

For the data that are successfully recovered by the APCs,
another concern is the accuracy of the passenger counts. Au-
tomatic counters have been described as more accurate than
manual data recovery, particularly for high-volume routes and
routes with peak-period standing loads (Z). The errors that
have been observed with APCs indicate a tendency to un-
dercount rather than overcount passenger activity, whereas
boardings tend to be counted more accurately than alightings.

In a demonstration study of APCs equipped with infrared
beams, the Washington Metropolitan Area Transit Authority
conducted an accuracy test on a sample of more than 400 bus
trips involving about 18,000 boardings and alightings (5). To-
tal boardings recorded by the APCs equaled 99.7 percent of
the manual counts, and recorded alightings equaled 98.4 per-
cent of the manual counts. However, the circumstances of
this evaluation were quite controlled, with a limited number
of routes included in the survey. A field test in 1982 of five
properties using APCs (Minneapolis—St. Paul, Columbus,
Kalamazoo, Seattle, and Los Angeles) found slightly larger
discrepancies between APC counts and recordings by manual
checkers, although the differences were not statistically sig-
nificant (7).

Previous research has thus consistently demonstrated that
APC and manual passenger counts tend to correspond. The
APC systems evaluated were relatively new, however. Tri-
Met’s APCs have been in service for nearly 7 years, and their
low data recovery rate indicates that they have not been per-
forming at the levels observed elsewhere. As a result, a sta-
tistical comparison of APC and manual passenger counts for
Tri-Met’s system was undertaken.

Forty-six APC buses were selected for the evaluation. The
buses were assigned to a representative set of routes, and
both manual and automatic counts of boardings and alightings
were recovered for each stop. The number of stops per bus
ranged from 44 to 148 and totaled 3,768 across all observa-
tions. A test of the mean difference between APC and manual
counts of boardings and alightings per stop was conducted for
each bus as well as for the overall sample. Table 3 gives the
findings for the overall analysis and for those buses having
significant differences between APC and manual counts. Across
all buses and all stops, the average boardings per stop counted
by the APC were 0.01 passenger higher than the manual
count, and the number of alightings counted by the APCs
averaged 0.01 passenger lower. Neither difference was sta-
tistically significant at the .05 level. Of the six instances in
which the APC and manual boarding counts differed signif-
icantly, three involved overcounting and three involved un-
dercounting. Of the five instances in which the APC and
manual alighting counts differed, two involved overcounting
by the APC. Three specific buses were associated with sig-
nificant differences in both boardings and alightings.
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TABLE 3 TESTS OF DIFFERENCES
BETWEEN APC AND MANUAL COUNTS:
OVERALL RESULTS AND CASES
INVOLVING SIGNIFICANT DIFFERENCES

Boardings

Bus # No. of Stops | APC - Manual t - ratio
347 80 25 2.78
350 142 <13 2.71
901 81 -.11 -2.58
731 62 -.35 -2.50
119 82 .09 2.16
1040 81 -.10 -2.04
All Buses 3,768 .01 .68

lighti

731 62 -.52 -3.12
347 80 15 2.80
119 82 -12 -2.43
526 85 09 2.19
900 138 -.07 -2.07
All Buses 3,768 -,01 -1.38

Because significant differences between APC and manual
counts were found in only a few cases, and because there was
no pattern of divergence, the APCs appear to provide sys-
tematically accurate counts. With 92 applications of the hy-
pothesis test at the 95 percent confidence level, about five
rejections of the null hypothesis due to Type I error (i.e.,
rejecting the null hypothesis of no difference when it should
have been accepted) are expected. Moreover, an underlying
assumption is that the manual counts are free of error, and
this is likely to be violated in some cases. Finally, the data
recovered by the APCs were not subjected to the normal
screening process, which would have purged substantial por-
tions of the data recovered from several buses (i.e., Buses
347 and 731).

SAMPLING WITH APCs

Two issues concerning sampling with APCs must be ad-
dressed. The first concerns the low data recovery rate when
APCs are used and the fact that observations on some bus
trips were assigned but not requested in the sampling meth-
odology. This raises questions about the representativeness
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of the sample, which could fail from assignment or response
bias.

The second issue concerns the sampling methodology itself.
The sampling procedure recommended by UMTA (3) was
essentially designed with manual data collection in mind, be-
cause it provides solely for independent random selection of
bus trips. With APCs, bus trips are necessarily selected in
blocks composing trains. Whereas trains can be selected in
an independent and random fashion, the individual bus trips
cannot. As a result, a specific methodology for APCs must
be developed that ensures satisfaction of the UMTA precision
standards and minimizes the number of bus trips required to
be sampled.

Evaluation of the Recovered Sample

There are three possible threats to representativeness in the
sampling of APC-equipped trains. First, the initial requests
for train assignments may not be representative. Second, the
actual assignments may not be representative if they do not
fully correspond with the requests. Third, the trains from
which data are ultimately recovered may not be representa-
tive, given the previously identified association between se-
lected train characteristics and successful data recovery. The
latter two possibilities are addressed by evaluating the
September—November 1988 sign-up. Train requests are not
evaluated because the selection procedure used by Tri-Met
assigns a higher priority to trains that were previously re-
quested but not assigned. Thus if requests were found to be
unrepresentative, attributing the cause to problems associated
with the request or the assignment process would be difficult.

A chi-square test was used to determine whether the sys-
tematic patterns of trains that were requested and assigned,
assigned, and successfully sampled represented an equal prob-
ability sample. The results of the tests are given in Table 4.
The null hypothesis that the observations constituted an equal
probability sample is rejected at the .05 level for trains that
were requested and assigned and for total assignments. It
could not be rejected, however, for the trains that successfully
generated data. This finding is in part attributable to the
smaller number of successful assignments compared with total
assignments, which correspondingly reduces the comparative
intertrain variance and the calculated chi-square value. It
also indicates why the chi-square is considered to be a rela-
tively weak test statistic (i.e., it is sensitive to the scale of
measurement).
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An APC Sampling Methodology

The objective in designing a sampling methodology for APCs
is to identify the minimum number of randomly selected trains
required to generate passenger information at the bus trip
level that will satisfy UMTA’s precision standard of + 10 per-
cent at the 95 percent level of confidence. The methodology
must account for correlation among bus trips within trains,
and it should set the sample size large enough to reflect the
anticipated data recovery rate.

The special features associated with the APC data recovery
process are compatible with a multistage cluster sampling
method (6). The first stage in this methodology would consist
of a random selection of trains, and the second stage would
then be defined by the 100 percent “‘clusters” of bus trips
composing the selected trains. Variations in cluster sizes would
also be accommodated, because the number of bus trips can
vary by train. The methodology would be designed for im-
plementation at the train level, consistent with data recovery
using APCs, yet ensuring that the sample statistics satisfy trip
level precision requirements.

Cluster sampling has also been proposed for data collection
by ride checkers (7). For many transit systems, run pieces
(usually about 4 hr of service) represent a more convenient
sampling unit than bus trips. Thus, whereas cluster sampling
may be a necessity for data collection with APCs, it may also
be a more cost-effective approach for other modes of data
collection.

The determination of the required sample size for cluster
sampling follows from the convention for simple random sam-
pling, with modification to account for the trip-clustering ef-
fect. The sample size is first determined at the bus trip level
and then converted to the train level on the basis of the
observed average number of bus trips per train. In the pres-
entation below, the sample size is determined for estimating
passenger miles, because the relative variance of passenger
miles tends to be larger than that of other operating data.
The minimum number of bus trips to be sampled, in con-
formance with the UMTA Section 15 standards, is

n, = [(1.965.)/(0.1M)]? (1)

where

n, = the number of bus trips required in a multistage
cluster sample,

S. = the standard deviation of passenger miles per bus
trip for a multistage cluster sample,

TABLE 4 CHI-SQUARE RESULTS FOR TRAINS IN THE SEPTEMBER

1988 SIGN-UP

Requested/Assigned All Assignments Recovered Data
| Mean observalions per train 3.1 5.5 2.6
Calculated chi-square value 2.236.0 1.147.0 710.0
Critical value, 05 level 720.0 7200 720.0
Number of trains 588.0 588.0 588.0
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1.96 = the critical z value at the .025 level, and
M = the mean passenger miles per bus trip.

Equation 1 is equivalent to the arrangement used to de-
termine the required number of observations for a simple
random sample, except for the cluster sample standard de-
viation term, which accounts for the interdependence of bus
trips within trains and the variation in the number of bus trips
per train. The standard deviation for a simple random sample
need not be elaborated, but its counterpart for a multistage
cluster sample warrants presentation. This standard deviation
is defined as follows:

S.=[Un - 1)+ n - (M, — My]°s @)

where

n; = the number of bus trips in Train i,

M, = the mean passenger miles per bus trip for Train i,
and

M = the mean passenger miles per bus trip across all bus
trips.

|

Sample statistics from previously collected data can be used
to derive the required sample size. Using Tri-Met’s September—
November 1988 sign-up as an example, the overall mean pas-
senger miles per bus trip is 8,481 and the multistage cluster
sample standard deviation is 19,159. The minimum required
sample size for the sign-up in the example is thus

n. = [(1.96 - 19,159)/(0.1 - 8,481)]? 3)

or 1,961 bus trips.

The sample size derived above represents 14 percent of the
13,955 trip observations actually recovered during the
September—November 1988 sign-up. By using the cluster-
sampling framework, it was found that the sample produced
precision of +3.7 percent at the 95 percent level of confi-
dence.

To achieve the required sample size, the data recovery rate
should also be taken into account. Table 1 indicates that 26
percent of all assignments return usable data. This suggests
that to achieve the necessary number of valid observations,
7,542 trip assignments (2.3 percent of all scheduled trips)
would have to be made. This number of assignments is prob-
ably excessive, because an improved data recovery rate from
smaller-sized samples (as indicated by the APC coefficient in
the regression model) is expected.

Because trains are the unit of assignment with APCs, it is
necessary to translate sample size requirements from bus trips
to this unit. From the sign-up in the example, an average of
8.98 bus trips per train is found. Thus a minimum sample size
of 218 trains is needed for the sign-up, which translates to
838 train assignments when the data recovery rate is accounted
for.

The determination of the required sample size on an annual
basis is a straightforward extension of the sign-up-level ex-
ample presented above, with the key parameters in the sample
size equation drawn from annual statistics.

Finally, because of the influence of the clustering effect on
the required sample size, economic evaluation of APC per-
formance in relation to manual data recovery should not be
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based on straightforward comparisons of costs per observa-
tion. The APC approach requires more observations to achieve
the same level of precision as the manual approach, and this
should be taken into account in assessing its relative merits.
For example, under the assumption of simple random sam-
pling, the minimum sample size for the September—November
1988 sign-up was determined to be 456 bus trips. The “design
effect” (6,p.103) on the sample size resulting from recovering
data with APCs rather than manually is 4.30. In other words,
an APC sample would need to be more than four times as
large as a simple random sample to achieve the same level of
precision.

SAMPLE INFERENCES

The low data recovery rate experienced by Tri-Met with its
APCs and the results of the statistical analysis of the deter-
minants of successful data recovery indicate that the threat
of sampling bias should be a concern for transit operators who
use this technology. In Tri-Met’s experience, the threats to
randomness in sampling have been multifaceted and associ-
ated with both technical and procedural factors. In regard to
procedural aspects of sampling, successful APC implemen-
tation mainly requires effective coordination among sched-
ulers, bus dispatchers, and drivers. Hardware malfunctions
involving APCs, attributable to the APC equipment itself or
traceable to the buses, pose additional complications not found
in manual data collection. Accounting for these factors in the
sampling methodology would hardly be worthwhile because
of their complexity and the likelihood that their effects are
not constant over time. This suggests an alternative involving
poststratification of the sample data as insurance against gen-
erating biased estimates of system performance.

The choice of stratification factors is the primary issue in
reconciling APC data subject to sampling bias. The choice is
essentially dictated by two considerations. First, over- and
underrepresentation of various basic operating characteristics
in the recovered sample should be accounted for. Second,
among those operating factors identified as being over- or
underrepresented, the subset exhibiting significant differences
in ridership and representing nontrivial shares of the under-
lying population should be retained as stratification factors.

Several candidates for poststratification factors can be iden-
tified from the regression results reported earlier. They in-
clude the AM and PM peak variables (or, more generally,
time-of-service stratification), which were associated with higher
data recovery rates, and the bus type variables, which showed
higher data recovery rates for two bus models. By stratifying
these variables, a correction of the system ridership estimate,
accounting for sampling bias, is obtained as follows:

R=>tM, 0

where

R' = the corrected total ridership estimate,
t; = the total number of scheduled bus trips associated
with Stratification Category i, and
. = the mean ridership value in Stratification Category i
calculated from the sample observations.

<
I
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Equation 4 pertains to an individual stratification factor.
An extension to the joint application of two factors would be
obtained as follows:

R =334 M, 5)

Poststratification corrections involving time-of-day and bus
type factors were applied to the sample data from the
September—November 1988 sign-up (see Table 5). A bench-
mark value of 159,937 average weekday boarding rides was
obtained by multiplying the overall sample mean by the total
number of scheduled trips. The benchmark total is the esti-
mate that would be obtained using the procedure recom-
mended in the UMTA guidelines, which assumes that the
underlying sample of bus trips is random. In contrast with
this value, poststratification by bus type resulted in an esti-
mate of 158,199 boarding riders per weekday (1.1 percent
lower), and poststratification by time of day produced an
estimate of 157,864 (1.3 percent lower). Thus stratification
by bus type and time of day had virtually no effect on the
ridership estimate. Table 5 indicates that the bus types that
were oversampled in the sign-up are little different from the
overall sample in terms of the average boarding rides per trip.
Had the articulated buses been over- or undersampled, the
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difference in estimated ridership would have been more no-
ticeable. With the AM and PM peak corrections it is seen
that because of their relatively higher ridership, the bench-
mark ridership estimate was overstated owing to the over-
representation of these trips. The magnitude of the overes-
timate was muted, however, by the small ridership differential
between peak and off-peak periods.

The application of poststratification corrections to the ex-
ample above did not yield remarkable differences in estimated
ridership. Because it had been previously established that the
underlying data represented an equal probability sample, these
results should not be surprising. Rather, the corrections offer
a way to ensure that estimates of ridership are unbiased when
the underlying sample data are not representative.

The relatively low data recovery rate for APCs, among
other threats to randomness, indicates that a poststratification
procedure ought to be included in the system software pack-
age and applied to inferencing as a matter of course. The
specifics of stratification factors will be determined by the
experience of transit operators in implementing APC sam-
pling plans. Variations in APC hardware and software, fleet
mix and type, general ridership and scheduling characteristics,
and coordination among personnel preclude the development
of standardized correction procedures. For those operators
who have already implemented APC systems, an analysis of

TABLE 5 POSTSTRATIFICATION ESTIMATES OF AVERAGE
WEEKDAY BOARDING RIDERS: SEPTEMBER-NOVEMBER 1988

SIGN-UP
Stratified by Bus T
Bus Type Average "ons"/trip Scheduled Trips Estimated Boardings
B100/1000 28 1,883 52,724
B300 19 1,802 34,238
ARTIC 40 608 24,320
ADB 24 1,083 25,992
B500 21 775 20925
158,199
AM Peak” 27 911 24,597
Midday 28 3,146 88,088
PM Pcak** 22 1,967 43274
Other 15 127 1.905
157,864

*

EE]

The AM Peak period includes all trips initialed between 6:00 and 8:00 AM.

The PM Peak period includes all trips initiated between 4:00 and 6:00 PM.
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previously recovered sample data along the lines reported can
identify the types of operating characteristics associated with
differential data recovery rates.

CONCLUSIONS

Tri-Met’s reliance on APCs to provide transit operating data
has introduced procedural complexities and a certain rigidity
not found with manual data collection. Among the concerns
were the underlying precision, accuracy, and representative-
ness of the sample data. In the light of those concerns, meth-
odologies covering sampling and inference that provide a de-
termination of the sample size required to meet a given precision
standard, as well as a means of reconciling unrepresentative
sample data, have been developed. The accuracy of APCs
with respect to passenger counts has also been verified.

Another area of concern is the low data recovery rate.
Besides being a potential source of sampling bias, the low
recovery rate necessitates more train assignments to achieve
the required sample size. More than 45 percent of the assigned
trains returned with no data, indicating a need for further
evaluating the design, installation, and maintenance of the
APCs. Contributions toward improvement in the recovery
rate from the remaining sources of data failure, which col-
lectively affect 28 percent of all train assignments, are prob-
ably not as likely as are improvements in the basic operation
of the APC units. Thus Tri-Met’s attention has been directed
toward the latter objective.

Whether the costs and complications associated with APCs
are outweighed by the estimated benefits of the technology
has not been considered. The analysis has not been extended
to the route level, where APCs provide the only practical
means of comprehensive data recovery and thus offer sub-
stantial potential benefits. The scope of the evaluation would
have to be extended to these elements, along with data man-
agement issues, to achieve a comprehensive assessment of the
relative merits of APCs.

APCs have been found to be cost-effective compared with
manual data recovery (Z), although such analysis should ac-
count for differentials in sample sizes required to meet a given
level of precision. The benefits of more rapid data turnaround
with APCs are difficult to quantify, but on the basis of Tri-
Met’s experience the gains have not been substantial. This is
due to Tri-Met’s use of APCs primarily for UMTA Section
15 reporting, for which rapid data turnaround is not necessary.

Tri-Met also uses the data recovered by APCs to construct
route performance reports for each of the five sign-up periods
making up annual service, but questions about the underlying
precision of ridership estimates at the route level have pre-
cluded a more prominent contribution of APC data to route
analysis and scheduling. In an analysis of 32 routes (repre-
senting about 20 percent of Tri-Met’s system), an average
route level precision for mean boarding riders of + 58 percent
at the 95 percent level of confidence was found (8). This range
is clearly too wide for route planning. To achieve route level
precision comparable with what is required by UMTA at the
system level would entail more than a 40-fold increase in
sample size. Samples of this size can conceivably be recovered
with APCs (which can be regarded as one of their potential
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benefits), but problems associated with coordination in exe-
cuting the associated sampling plan would be considerable.

Assuming that difficulties associated with sampling and data
recovery at the route level can be overcome, a more refined
set of validation standards—targeted at the stop or route seg-
ment rather than the trip level-—would be needed. This would
require the development of detailed base level information
on times and distances for the route network, which presently
does not exist, against which the APC data could be validated.
The data recovery rate would be expected to decline with
more strictly defined validation standards applied to the
present data recovery process. As a result, Tri-Met has con-
sidered acquiring an automatic vehicle locating system to sup-
plement the APCs. The accuracy of the recorded APC data
on times and distance would also need to be verified in a
manner consistent with the approach used to test the validity
of passenger counts.

Implementation of a comprehensive route level data re-
covery program thus faces a number of challenges. As an
alternative to comprehensive data recovery, Tri-Met has been
considering targeted applications of APCs. For example, one
possible targeting strategy would be to reserve those APC
buses not assigned to recover Section 15 data for intensive
data recovery from routes where service changes are being
considered. Another would be to select one of the five annual
sign-ups for comprehensive sampling (i.e., combining Section
15 sampling efforts with route level sampling) and to convert
the sample data to an annualized estimate of ridership. It was
thought that fewer problems would be encountered for this
alternative if large-scale sampling were undertaken in a single
sign-up as opposed to an ongoing basis.

After nearly 7 years of operating experience, Tri-Met has
yet to fully capitalize on the reported merits of APC tech-
nology. Application has been essentially limited to data col-
lection for Section 15 reporting. Whereas the APCs may still
be cost-effective for this purpose, their potential is greater.
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Methodology for Evaluating Urban Mass
Transportation Act Section 16(b)(2)

Applicants

MARC ADELMAN AND KEVAN DANKER

The methodology used to evaluate Virginia's applicants for capital
grants for transportation aid through the Urban Mass Transpor-
tation Act’s Section 16(b)(2) program is summarized. Eligible
applicants include private nonprofit organizations that support
program objectives of various state agencies. The previous use
of essay questions to assess applicants’ proposals produced in-
consistent scoring results. Numerical scales of measurement were
applied to a fixed-alternative and open-ended questionnaire in
February 1990 to allow consistent comparisons of information
and to provide consistent scoring assignments for all applicants.
Specific variables were assigned different weighted values to gauge
agencies of large and small fleet size by similar quality control
standards. Various electronic spreadsheet functions were used to
quantify and rank data. The relative significance of these mea-
surement techniques to the evaluation process and their influence
on future funding policy are discussed. These methods meet the
needs and desires of Virginia’s Section 16(b)(2) Review Com-
mittee and may also be useful to administering agencies of other
states.

Section 16(b)(2) of the Urban Mass Transportation Act of
1964 authorizes financial assistance to private nonprofit or-
ganizations for capital projects that transport elderly and dis-
abled individuals. Federal regulations direct state agencies to
determine program criteria and to select projects for funding
from all populated areas. Like other tederal transportation
programs, such as the programs for transit under Sections 18
and 9 of the Urban Mass Transportation Act, the Section
16(b)(2) program is designed to assist agencies with the pur-
chase of rolling stock and radio communications equipment.
However, the broad eligibility requirements, which permit
applicants with diverse transportation objectives and re-
sources to be considered together for funding, distinguish the
Section 16(b)(2) program from the transit grants programs.
The conflicting characteristics of human service transportation
programs challenge administering agencies to design an eq-
uitable and uniform evaluation process.

The Virginia Department of Transportation (VDOT) shares
the responsibility for evaluating applicants with a committee
of representatives from state human service departments. To
evaluate applicants’ funding needs in an impartial manner,
the committee modified the procedures of the review process.
An advisory review subcommittee represented by staff from

M. Adelman, Virginia Department of Transportation, Rail and Public
Transportation Division, 1401 E. Broad St., Richmond, Va. 23219.
Current affiliation: JHK & Associates, Inc., 4600 Kenmore Avenue,
Alexandria, Va. 22304. K. Danker, Virginia Department of Trans-
portation, Rail and Public Transportation Division, 1401 E. Broad
St., Richmond, Va. 23219.

the Virginia Department of Health and VDOT was charged
with revising the application format. Changes to the structure
of the evaluation process included replacing general, essay
questions with fixed-alternative and open-ended questions and
substituting subjective scoring assignments with numerical
measurement techniques. These modifications were made to
eliminate bias caused by differences in agencies’ writing styles,
program goals, and client groups.

OUTLINE OF METHODOLOGY

The previous use of essay questions to collect program data
generated inconsistent responses from applicants. Grant writ-
ers applied different terms to describe service outputs and
submitted various types of documentation to support their
responses. Evaluations of essay replies by advisory review
committee members yielded erratic scores for all applicants.

To allow consistent comparisons of information, a struc-
tured questionnaire was designed using clearly defined data
classifications to limit the variety of possible responses and
to standardize the data received. In addition, certain variables
were compared as ratios to uniformly assess data provided by
organizations with different fleet sizes.

The variables selected to measure applicants’ proposals were
grouped into the following criteria: operations procedures,
maintenance procedures, coordination practices, service need
characteristics, the proposed project’s influence on fleet age
and ridership, and Section 16(b)(2) funding history. Criterion
weights were designated in accordance with the current op-
erating practices of grantees. Point values for individual cri-
teria were determined by the influence of associated variables
on operating conditions related to the availability of public
transportation service. The selection and weighting of discre-
tionary criteria considered safety, reliability, and need factors
that supported program goals, as agreed to by the advisory
review committee.

The selection of questions for each criterion evolved from
discussions with private nonprofit organizations about their
operation. Through this process, the clarity and reliability of
proposed variables were pretested. Agencies were also sur-
veyed to ascertain common operating characteristics. This
information was used to apply realistic standards to evaluate
all applicants and to analyze whether providers should be
grouped together by fleet size for scoring purposes.

A primary objective of the advisory review committee was
to apply measurement techniques that did not produce large
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scoring variances to the evaluation of proposals. Qualitative
data were assessed by measuring responses to fixed-
alternative questions and assigning point values to each pos-
sible answer. Measurements of quantitative data were com-
pleted by ranking responses to open-ended questions for all
applicants and assigning specific point values on the basis of
the mean and standard deviation of each sample. The Section
16(b)(2) program manager was delegated the responsibility
of measuring all criteria by these techniques, excluding the
coordination criterion.

Descriptions of applicants’ coordination efforts to reduce
service inefficiencies or expand service opportunities with other
agencies were assessed by committee review. In previous re-
views, committee scores relating to the coordination criterion
differed greatly for each applicant. This discrepancy was rec-
onciled by limiting applicant responses to a fixed number of
alternative categories for coordination practices and assigning
specific point values for each coordination classification.

Operations

Applicants are asked to provide information concerning issues
related to operational procedures. Organizations identify the
single most appropriate response to fixed-alternative ques-
tions on supervision levels, training and hiring practices, and
sources of revenue. The focus of the operations criterion is
to assess agencies’ operating procedures relating to safety,
financial stability, and service reliability. This criterion has a
weight of 40 out of a possible 240 points.

Maintenance

The second part of the program questionnaire obtains infor-
mation on the applicant’s ability to provide proper vehicle
maintenance procedures. Organizations identify the single most
appropriate response to fixed-alternative questions, including
supervision of maintenance schedules, preventive mainte-
nance work completed in-house, and available resources to
inspect and maintain equipment. The maintenance criterion
has a weight of 30 points.

This criterion was weighted fewer points than others be-
cause applicants’ use of different record-keeping procedures
and their dependence on various vendors to perform all main-
tenance procedures prevented consistent comparisons of
maintenance data.

The advisory review subcommittee was responsible for cod-
ing and assigning point values to fixed-alternative responses
to operations and maintenance questions. Variables were given
distinct values depending on their estimated influence on pro-
viding safe, reliable transportation service. Responses to
questions that required support documentation were allocated
fewer points because of the difficulty in verifying information.

Certain quality control variables, such as the level of op-
erations supervision, were determined to be strongly related
to an agency’s fleet size. In this case, coded responses were
assigned different weighted values to gauge applicants of large
and small fleet size by similar standards. Specifically, a small
agency was defined as an organization operating one to five
vehicles, excluding spare vehicles. Large agencies include or-
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ganizations operating six or more vehicles during regular ser-
vice hours.

Only 5 of the 18 questions used to assess applicants by
quality control standards were assigned different weighted
values to adjust for fleet size differences.

Coordination Practices

The applicant’s description of its cooperative planning efforts
to reduce service inefficiencies or expand service opportuni-
ties with other organizations is significant because of this cri-
terion’s heavily weighted value. The coordination criterion is
weighted 60 points.

Service Needs

This criterion measures applicants’ operations by conditions
that influence the use of equipment. Organizations indicate
whether public transportation service is available in their ser-
vice area, the average number of unduplicated clients trans-
ported each month, the distance traveled to a maintenance
garage, and the average number of miles operated per month.

Agencies are awarded a fixed number of points on the basis
of whether public transportation service is available in their
service areas. A ranking of the number of miles traveled to
a maintenance garage to complete major repairs is produced
for all applicants. Rankings of data ratios are generated for
the total number of clients transported per vehicle and total
miles operated per vehicle. This criterion is weighted 50 points.

Proposed Project’s Influence on Fleet Age and
Ridership

This criterion assesses applicants’ need for requested equip-
ment on the basis of related fleet age, ridership, and service
use characteristics. Applicants are asked to indicate whether
the requested equipment will be used to maintain, expand,
or initiate service and to indicate the model year and mileage
of each vehicle in their fleet.

Agencies obtain larger point values by demonstrating that
the purpose of the proposed project is to replace equipment
that has exceeded its useful life. Scoring assignments are also
determined by a ranking of applicants’ ridership figures per
the total of requested vehicles and base fleet vehicles less than
5 years old or with less than 100,000 accumulated miles. This
criterion is weighted 40 points.

Prior Funding

This criterion is designed to assign points on the basis of the
applicant’s Section 16(b)(2) funding history to allow for an
equitable distribution of grant awards. A total of 20 points is
awarded to organizations that have not received funding within
2 years of their application date. Agencies that have received
funding during this 2-year period but did not receive equip-
ment each year obtain no points. Organizations that received
funding for two consecutive years before their application date
were assigned — 20 points.
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QUESTIONNAIRE DESIGN FOR OPERATIONS
VARIABLES

Table 1 gives examples of questions related to the supervision
of applicants’ transportation programs. Questions 1 through
4 differentiate between management responsibilities and op-
erational duties. Responses to Questions 1 and 2 were not
assigned point values because the questions’ broad scope makes
inconsistent comparisons likely. By addressing general trans-
portation issues first and progressively narrowing the focus of
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Questions 3 and 4 to operations procedures, the probability
of obtaining reliable data increases.

The purpose of Question 3 is to indicate whether large
agencies allow a driver to serve as supervisor of operations
while operating a vehicle. Large agencies are penalized 5
points subject to confirmation that a driver divides his re-
sponsibilities between supervising operations and driving du-
ties. The objective of Question 4 is to survey the number of
hours devoted to supervising operations by large and small
agencies. Scoring assignments are based on four categories

TABLE 1 EXAMPLES OF SCORING ASSIGNMENTS FOR

OPERATIONS QUESTIONS

1. Who is ultimately responsible for developing policy
and procedures for your agency's transportation program?

LARGE AGENCIES SMALL AGENCIES

* = Not Scored

Executive Director
Program Director
Assistant Director
Transportation Manager
Transp Coordinator
Administrative Asst.
Driver
Other

ARRARN

(Please Specify

E A
* % F ¥ ¥ ¥

~
.

How many hours per week does that person allocate towards

managing your agency's transportation program?

*

40 or more hours
30 to 39 hours
20 to 29 hours
less than 20 hours

LARGE AGENCIES SMALL AGENCIES

= Not Scored

* * ¥ ¥
* % * %

3. Who is responsible for supervising day to day operational
duties for your agency's transportation program?

Executive Director
Program Director
Assistant Director
Transportation Manager
Transp Coordinator
Administrative Asst.
Driver
Other

RERRRR

(Please Specify

LARGE AGENCIES SMALL AGENCIES

(0) (0)
(0) (0)
(0) (0)
(0) (0)
(0) (0)
(0) (0)
{ -5) (0)

4. How many hours per week does that person spend on supervising

day to day operational duties?

40 or more hours
30 to 39 hours
20 to 29 hours
less than 20 hours

LARGE AGENCIES SMALL AGENCIES
(8) (8)
(4) (6)
(2) (6)
(0) (0)

6. What percent of your agency’s total budget is provided through

donations or contributions?

20% or more

108 -19%
5% - 9% ==
1% - 4% =
0%

LARGE AGENCIES SMALL AGENCIES
(0) (0)
(2) (2)
(4) (4)
(6) (6)
(8) (8)

10. What percent of your agency’s drivers do not receive wages?

50% or more

30% -49% -
10% -29% —
1% - 9% =
0%

LARGE AGENCIES  SMALL AGENCIES
(0) (2)
(2) (4)
(2) (4)
(4) (6)
(8) (8)

11. Does your agency require drivers to submit their motor
vehicle record with their application prior to hiring?

Yes
No

LARGE AGENCIES  SMALL AGENCIES
(2) (2)
(0) (0)
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ranging from less than 20 to 40 or more hours of supervision.

The difference in scoring assignments for large and small
agencies exists at the intermediate levels of supervision. Small
agencies that supervise operations between 20 and 39 hr per
week are assigned more points than large agencies supervising
operations for the same number of hours.

Question 6 gauges the financial stability of each organiza-
tion by requesting applicants to indicate the percentage of
their budget that is provided through contributions or do-
nations. Scoring assignments are determined by the level of
unsecured funding for all applicants regardless of fleet size.

The purpose of Question 10 is to measure the applicant’s
ability to ensure service reliability by determining the per-
centage of the agency’s drivers who are unpaid volunteers.
Applicants receive scoring assignments on the basis of their
fleet size and the proportion of employees who are volunteer
drivers. Applicants obtained fewer points for employing a
larger percentage of volunteer drivers than paid drivers be-
cause of the absence of financial incentives to influence service
delivery and employee turnover.

Question 11 is designed to evaluate applicants’ ability to
provide safe transportation service. Organizations indicate
whether they require candidates for operator positions to sub-
mit a copy of their motor vehicle record before hiring. Ap-
plicants were also asked to indicate whether they require driv-
ers to provide documentation that a physical examination was
completed before the first day of employment. Although both
of these personnel procedures are significant in providing safe
service, scoring assignments for these questions were pro-
portionately lower than for other questions because of the
difficulty in validating responses.

TABLE 2 OPERATIONS RESULTS
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SUMMARY OF OPERATIONS RESULTS

The responses to operational questions from 53 applicants are
summarized in Table 2. The data are grouped by possible
scoring alternatives for large and small agencies. As indicated
previously, the objective of Question 3 (Table 1) was to pen-
alize large organizations that assign supervisory responsibil-
ities to a driver. However, 100 percent of the large agencies
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