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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 11), 
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 II, 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 (1,2). 

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. 
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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. 
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TABLE 1 AGENCIES AND ORGANIZATIONS INCLUDED 
IN THE INTER VIEW PROCESS 

Atlanta Miami Portland San Houston 

Diego 

Transit Authority x x x x x 
Metropolitan Planning 

Organization x x x ·x x 
Slate 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; 
•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; 
•Energy, air quality, and environmental improvements; 

and 
•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; 

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

• Public reaction to the rail system; and 
• Local 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 (4). 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 
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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-
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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 MART A 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 1/2 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 
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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 trade-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 
decision-making process. Many also indicated thal Lile iail 
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 MART A 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 benefits. 

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 impurlam:e uf 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 types 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 automobiles , buses, 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-driv n programs that accurately simulnte train oper
ations, plots bidirectional operations charts and schedules, and 
allows sensitivity testing of various operating parameters are dis
cus ed . The package was te. Led using data derive from the op
erations of Philade lphia s Market -Frankford ubway elevated rail 
rapid tra nsit line. It thc11 successfully generated graphical sched
ule (string-chart) diagrams for this two-tra k line under a series 
of operating assumptions. f special inreres t was the IC. Ling of 
the pr ent chedulc while a ·cction 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 eastern elevated portion (frankfurd 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 Southeastern 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, SEPT A 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 SEPT A'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 Clnd 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 (1). 

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, H, or 
AB). Trains stop at all stations in nonpeak periods. Each 
station (i) has a dwell time (t,;) . 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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FIGURE 1 Schematic problem definition, two-track versus 
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FIGURE 2 Frequency of service profile, 3:30 to 5:30 p.m. 

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 
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FIGURE 3 Stopping at a station. 

Distance 

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 (a) 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 a orb 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 a and b. This distance is called the critical 
distance, s ci > and is given by the formula 
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v
2 (1 1) 

sci= i ~ + 'b (1) 

The formula to apply for computation of travel time de
pends on whether the interstation spacing S; is less than or 
greater than Sc;· If S; s Sc;, the vehicle never reaches cruising 
speed before slowing down again. If S1 > Sc1, the vehicle can 
cruise for a time before decelerating again. In the first case, 
the interstation travel time over Spacing i, including dwell 
time at Station i + 1, is 

= v; ( ~ + ~) + lsu + 1) (2) 

In this situation the speed reached (v;) is not known before
hand; it is only known that v; < v1• Therefore, it is better to 
express this relation in terms of the known value S1: 

J2 (a+ b) s, 
Ts1 = ab + lsc1 + 1) (3) 

The other case, S1 > Sc1, 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,u + 1i) , and cruising 
time at the constant speed v1• The equation is 

(1 1) S, - S" 
Ts, = V; ~ + b + fsc; + 1) + v, (4) 

The graphical interpretation and plotting become straight
forward with these relationships. If S; > Sc;, the last term is 
drawn as a straight line with slope V; and length required to 
reach Station i + 1 (a vertical distance S;), with three other 
components following as a horizontal line of length Tli, shown 
in Figurt: 3. Thus, T1; assodatt:<l with a stop can be calculated 
by adding the three time components due to stopping, stand
ing, and starting again: 

Tli = V; (~) + V; + 1 G) + lsu + 1) (5) 

If S1 s Sci, 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 S1 and S; + 1 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 

V; + 1 G) + fsc; + 1) (6) 

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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Di~ tance 

FIGURE S 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, lht: 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, vi, for the 
new interstation spacing, SAi. 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 

t51 (new) = t5 ; + Ip; (7) 

where tp; 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 i 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 

+ lsu + i) (8) 

where c is the coasting deceleration rate and v c 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 param&ters, 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. 
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FIGURE 7 Graphical method for coasting 
between stations. 

The program accepts the following input variables: 

•Acceleration rate (a, m/sec2
); 

•Deceleration rate (b , m/sec2
); 
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•Average cruising speed (v,, km/hr), variable between 
stations; 

•Dwell time (ts,, sec), variable for each station; 
•Station spacing (m) and station type (A, B, or AB); 
•Minimum station headway (zonal only) (sec); 
•Terminal time percent (XT0 , dimensionless); 
•Minimum terminal time (TTm;n, min); 
• Scale factor to optimize use of screen for line drawing; 
• Fixed time scale for time-distance plots (min); 
•Desired headway (min) (optional); and 
•Maximum passenger load (P max), 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); 
•Line drawing showing lengths (S,) and interstation travel 

time (T,) for skip-stop A, skip-stop B, and local operation; 

Distance 

Time 

No Conflict 

FIGURE 6 Possible conflicts on single-tracking section. 
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• 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 tt = max {XT0 , TT"''"} (min); 
•The adjusted cycle time (T,) by rounding Tlh (min); 
• The adjusted terminal time (11 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 
each 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 8) , 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. 
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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 (rr) 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 NA 
SECTIONS 

69th ST - 30th ST 15 

30th ST - 8th ST 14 

8th ST - ALLEGHENY AVE 13 

ALLEGHENY AVE -
BRIDGE-PRATT 11 

OVERALL TRAVEL TIME 11 

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 (a = 0.76 m/sec2

, b = 
0. 76 m/sec2) 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 precise! y. 
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 

-

XA 
(min) 

GA 
(min) 

NB XB 
(min) 

GB 
(min) 

11. 75 .32 15 11. 58 . 59 

5.39 . 79 14 5.83 1. 23 

11. 80 .93 13 11. 88 . 77 

7.76 . 69 11 7.63 .46 

36.70 1. 21 11 37.00 1. 70 

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 
crossovers. 

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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Tµ 8 (WB) = -~ (~) ~ (~) - t = -26 sec 2u 2a sg 
(9) 

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. Si111ulaliu11 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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FIGURE IO Example schedule for MFSE line with both Huntingdon and Somerset stations open: 2-hr time-distance operations 
chart (3:30 to 5:30 p.m.), proposed single-tracking schedule. 
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Transit Railcar Quantities: 
Scale Economies 

JONATHAN H. KLEIN 

The effect of increasing size order on purchase prices of railcars 
i examined using data obtained from supplier i11 a survey by a 
major tnmsit au thority. 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 
mo t eeonomie of order size een by the buyer as per car savings 
are realized by the time orders reach 60 to 90 cars. Virtually all 
purchasing econ mie :ire reached by the time orders reach 200 
cars. Further manufacturing economies of scale, if any, will likely 
accrue to the supplier . A corollary is that economies thought to 
result from the purchase of "off-the-shelf" car may not cxi. t 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 understamling 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 purchasers? 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 (1,2). 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" phe11ome11u11 1euut:es 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 diange 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 UMT A 
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: 

Pq = $1.57 million - $0.137 million x log Q 
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FIGURE 1 Cost curves for Car Builder A (marginal 
price and average price). 
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Log Fit 
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FIGURE 2 Cost curves for Car Builder A (marginal price and 
logarithmic fit price). 

where Pq is the marginal price of the qth 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 
R2 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 
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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 structu:e but chooses 
not to present UMT A 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 lhe 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 of 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 strnctme <incl pricing clecision 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 entire output over the past 6 years 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 II 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 
General 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 cunsulling engineering community's view appears to 
cover the entire spectrum of opinion ;mcl, t<iken 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 necessarily 
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. 
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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 
c 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 

RocER 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 tu 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 Ca!Train 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 Ca!Train 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 State and Local Clean Air 
and Trallic 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 lb, 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, Cal trans allows bidders the option of contesting 
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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 OPERA TIO NS 

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 2V4-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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FIGURE 3 CalTrain Shuttle ridership by route. 

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. 

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 Valko Research Park near 
the present south end of the Ca!Train 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 1-280 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. 

The people 
who reallY.get 
ahead in tliis 

business 
dodthave any 

drive! 

Cal1rain. It beats driving. 
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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. 

• 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 Ca!Train 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 
~east somewhat involved in funding or managing shuttle serv
ices between suburban commuter rail stations and nearby 
e~ployment cl~sters. The following are a few examples. Wholly 
pnvate 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 l} rban '."lass Transportation Administration entrepre
neunal 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 
b.uses ~etween commuter rail stations and major employers 
(mcludmg a shopping mall) on five routes as of mid-1990. 
Many routes operate all day. These services are fully funded 
~y businesses that requested that SEPT A operate them. Many 
firms were having difficulty recruiting inner-city employees. 
Buses are timed to meet SEPT A's commuter trains and bus 
ti~etable.s showing connections are readily available at key 
tram 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 4o mi 
of its 58-mi length, but businesses are usually beyond easy 
walking distance. 
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SUMMARY AND OUTLOOK 

The 1989 Ca/Train Passenger Survey indicated that 12 percent 
of tram passengers going to work in San Mateo and Santa 
Clara counties completed their trips on small vehicle shuttles, 
wher~as. an?ther 17 percent rode full-size buses operated by 
tra~s1t d1stncts on regular routes (some dedicated to meeting 
trams, 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 ap~ears 
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 
th.en, small vehicles able to negotiate company parking Jots 
will be needed to make the train system accessible. 
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GO Rail 1989 Survey Results 

Juuus GoRYS, MURRAY McLEOD, 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. The system has since 
been expanded to seven lines that serve an area of more than 
8000 km2 (3,000 mi2) 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 
scheuules over must 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 (TIC'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 TIC services. To promote the use of 
both transit systems and to make this transfer more econom
ical, a combined GO/TIC monthly pass package known as 
Twin Pass was introduced in January 1988. An average GO 
monthly pass costs about $115, and a TIC monthly pass is 
$j3. The Twin Pass offers 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. 

Tahle 1 gives <liltil c:ollectect hy e;ich of the GO Rilil 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 

81 83 85 87 89 

Origin End: Trip Origin * * * * * Origin Purpose * * * * Boarding Stalion * * * * • 
Boarding Time * * * * Mode Slation * * * * • 

Destination End: Trip Destination * * * * * Destinalion Purpose * * * * Destinalion Slalion * * * * Mode from Destination * * * * * 
GO Fare: Fare Medium * * * * * Reason for Single Fare Use * * Fare Category (e.g. sludent) * * * 
Twin Pass Users: Previous Fare Medium 

Uses Twin Pass for GO Bus * 
New User: Previous Trip Mode 

GO Frequency: Trips/Week * * * * * 
TTC Use: Trips/Week * * TIC Fare Medium * * 
Reverse Trip: On Same Day * * * * Mode Used * * * * 
Socio/Economic: Male/Female * * Age * * Family Income * * * * 

Car Availability for Trip * * * Why GO Used Over Auto * * 
GO Use History: Years of Use * * * * * 
Residence History: Years at Presenl Residence * * * * Location of Previous Residence * * Importance or GO Transit * 
Employment History: Years at Employment Location * * * Localion of Previous Employment * * 
Drive & Park Users: If Parking Lot Closed, 

How Would Make This Trip 
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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 provid.es 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. Must uf 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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FIGURE 3 Ridership growth by line, 1981-1989. 

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 
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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-

HAMILTON BURLINGTON APPLEBY OAKVILLE WEST OAKVIUE CLARKSON POAT CREDIT LONG BRANCH MIMICO 

EGRESS STATION 
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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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FIGURE 5 Previous trip method by years at residence, new 
Clarkson riders. 
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TABLE 2 FARE MEDIA CHOICES BY 
RIDERS, 1987 AND 1989 

% 1987 % 1989 

MONTHLY PASS 43.2 36.8 

TWIN PASS 10.3 

(TOTAL GO PASS) (43.2) (47.1) 

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 
negotialions between GO and TT . 

Figure 7 shows access mod by di lance to Union tal ion 
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-Lhird of G rider. transfer to tbe 
subway ,n any given day. The chart clearly shows the 1.5-km 
(approximately I -mi) break poin t between walk and trnn it. 
T he int roduction 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 
Pa s program was expected to influence the number of trips 
made on transit. Table 3 gives the number of GO and TIC 
tr ips made by ride!' during a 7-day period using various fare 
media. The table indicates little difference from 19 7 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 TIC portion of the system. 
Nearly 35 percent reported that they made more than 10 TIC 
trips over a 7-day period, c mpared with 8.4 percent for all 
other fare types. 

At the de tfoation, 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 tran. it connections 
are available at nearly all stations, it is somewhat surprising 
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TABLE 3 GO AND ITC TRIPS TAKEN 
DURING LAST 7 DAYS 

%0NGO % 0NTIC 
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 12.1 5.0 6.0 

16 PLUS .4 .4 1.9 1.2 

TABLE 4 EGRESS MODE, 1987 AND 1989 

EGRESS MODE % 1987 %1989 

WALK 12.1 11 .6 

LOCAL BUS 16.4 15.2 

GO BUS 4.2 1.7 

DRIVE AND PARK 51.7 56.2 

RIDE IN CAR 2.1 3.6 

KISS 'N RIDE 12.6 8.5 

OTHER .9 3.2 
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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 rrip. A discussed earlier, rid rs have come to expect 
the availability of free parking, to the p int where o erall 
ridership on the ·ystem appear · to be affected . 111e dee.line 
in Go Bus as an egre · mode is attributable t replacement 
of some ervicc by train exten ion , but the deterioration in 
the share of GO riders using local transit is of more concern. 

To explore the rela tionship between parking and GO ri
d rship respondent who parked their car, al th ·tation were 
a ked h w they would acce ·· th G system if their usual 
parking lot was closed temporurily for resurfacing. !early, 
the provision of parking is a significant fa t r; more than 30 

............ .......... 
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DISTANCE TO UNION (KM) 

1987 WALK 1987 TRANSIT 1989 WALK 1989 TRANSIT 

FIGURE 7 Access mode by distance to Union Station. 
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percent of respondents indicn!ed tha1 1hey would nol use the 
G system a t all for thei r trip withoul it (se Tab! 5). fo
ter st ingly, use of ca rpools and local transit a rc po rly p r
cci ed ~1s trip-making options, though 1hey are probably va l
ued by transportllli 11 planner · as the best olu1ions t parking 
and congestion pr blems at and around the stations. 

Survey respondents were provided a list and asked to rank 
their lop three reason for using GO Rail. Table 6 gives only 
the top-ranked reason 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-a erage family income 
for the typical GO rider compared with other tran, it user . 

A lthough a comments area was provided on a ll previous 
GO urveys, 1989 was the first time thal rider omments were 
grouped, c d d and analyzed . Overall, 55 pe rcent of rid r 
provided a c )dable c mment. The split into positive, negative, 
and sugg lion ca1egori w~1s approximatdy onc-l'hird fo1 
each. Table 7 gives the . pecific comment •roup.ings avai lable 
for analysi. in th1,; 1989 urvey . On the p iti e side, the 
. ervice-rclated and general complim nt ary comm nt types 
domin< ted, with 90 percem of rhe total. Individual prefer
ences and p rs nal schedu le requirement. are evidenced by 
th high n gaLive rankrn ' for the service cat gory. Pe rha1 -

TABLE 5 TRAVEL OPTIONS TO GO 
STATION TF PARKING LOT CLOSED 

TRAVEL OPTIONS TO STATION 

DRIVE TO ANOTHER STATION 

WOULD USE KISS'N RIDE 

DRIVE TO FINAL DESTINATION 

TRANSIT TO FINAL DESTINATION 

GO BUS TO DESTINA I ION 

CARPOOL TO FINAL DESTINATION 

USE LOCAL TRANSIT TO STATION 

OTHER 

TABLE 6 TOP-RANKED 
REASON FOR USING GO 

REASON FOR USING GO 

COST 

RELAXING 

FAST 

CONVENIENT 

NO OTHER MODE 

DIRECT SERVICE 

SAFE 

RELIABLE 

% 

23.4 

20.7 

16.9 

13.8 

10.5 

9.2 

2.9 

2.6 

% 

27.5 

22.5 

7.5 

21 .0 

4.5 

2.5 

5.0 

9.5 
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TABLE 7 COMMENTS BY RIDERS 

COMMENT GROUP %POSITIVE %NEGATIVE 

SERVICE 50.1 61.3 

PARKING LOTS 2.9 15.0 

SERVICE ENVIRONMENT 4.5 9.8 

FARES 2.1 7.8 

PAY PARKING 0 1.2 

GENERAL 40.0 4.9 

the mo l intere ·ting fea ture of Table 7 is the negative com
ments directed toward fares and pay parking. T he low neg
ati e ranking for fa res indicate that co l may not be a 
major is uc for most riders. The number of GO parking Jot 
complaint reinfor e the concern riders have abo ut thi a -
pect of the system. 

The numb · r of riders expres ·ing concern about the possible 
inlr duclion o'f some form f pa parking, even though no 
pay parking program exists , is of particular ignificance. Strat
ified analy is of 1h c ded comments indicated no ignificant 
differences between geographic area , new and o ld rider , r 
regu.lar versus irregular riders. 

SUMMARY 

The 0 Rail y tem i an integral component of the GTA 
transportation . y tern . During the pa t decade , and in par
ti.cular during he pa. t 2 years, GO Rail ha experienced strong 
ustained growth in ridership which has enhanced its role in 

facilitating b th cross-boundary and TA travel. urre.nt and 
time eries data are required to en ' Ure rhal future priorities 
are well placed. y ·temwide snapshots of rid r and trip
making characce ri ·tics on the 0 Rail system uch as lhe 
l 89 GO Rai l urvey have proved to be a va luable ·ource 
f operational and policy planning data . Analysi · of the 1989 
urvey reflects the type of study that ha been complet d to 

date and demonstrates the flexibility f lhe data ba e c re
pond in a timely manner to topical i ues. 
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Evaluation of Training Programs in Rail 
Transit: Its Role and Status 

NAOMI 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 eva luation in a. ample f commuter 
rail agencie. is then examined. Finding. indicate t lwL reaction 
form are ubiquitou . One rail agency i attempting to link train
ing evaluation to performance appraisal for its nonunion em
ployees. The most ophi ticated use of evaluation wa found in 
a large freight railroad. Barrier ro the conduct of more thorough 
evalua tion nre rhe lack of training staff n nexi tent or outdated 
performance standard. and a perception that evaluation is a tooJ 
to justify decision already made. Needs and job analyses arc 
recommended for reducing the barrier . Techn iques 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 facili1<1ting detailed 
feedback to management, its use for changing training, and its 
capacity to bui ld commitment to training among managers. The 
relative benefit and drawback 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 
eva luati n (7) . The fir t ster requires that job clements (re
quired know! dge, skills, and abilities) e identifi d through 
job analy. is. Typically , ubject-mauer experts eva luate the 
extent to which th training cour c content r fleet the job or 
skill domain.Man example, the previou ly mentioned freight 
rai lroad , when designing a welding cou ·e , had il 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 trnining 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 empl yee testing, performance appraisal, or super
vi ory observation. The second objective requires goal. for 
supervisors that tie their evalualiuns to their effectiveness in 
getting the requisite training for their employees. 

Outcome 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 (8) to evaluate changes in employee behavior 
include certification, licensing, and master job performance. 
Other tactics, discussed later, involve microsampling, rnulwl 
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 eue1gy 
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 ledmi4ues 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. 
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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 trammg 
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 mus.t be formulated. 

The criteria themselves should be evaluated to ensure that 
they meet tests of reliabi lity 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 
deal 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 perfo rmance 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 ~ettings . Norm-referenced mea ·ures compare the 
performance of one trainee with that of thers or to norms 
that have been developed on broader samples, but they say 
little about the level of skill. 

MANAGEMENT AND TRAINING CONCERNS 

Goldstein (6) 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' c mplainl' concerns a well-planned , well-implemented 
training program whose trainee are not permitted to perform 
their jobs a they were trained. Managemen t' 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 wa ~e l ected. From management'. per-
pective, the ultimate measure of ucc s is dollars resu lting 

from saving or increa ·ed 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 
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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 (11) 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 lite trainee 
is tested on the knowledge and skills acquired. Behavior refers 
to a measurement of job performance. Kirkpatrick (11) 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 trnining 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 (13). 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 process, 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 ra.ilroads 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 (14). 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 partic:ipilte 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 evaluati n, managers 
hould 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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usetuJ 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 use for changing training, and its capacity lu 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 

WILLIAM 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. Mundie, Mundie 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-mi2 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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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 

Ste 1 
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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 1-00D 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-off 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: 

REVIEW IMPACT 
INDEX 

Less than 5 

RETAIN 

Step 3 

Step 2 

Between 
5 and 14.9 

REVIEW 
RESOURCE NEEDS 

No 
Resource Savings 

REVll:W OPl:HA I ING 
COST, EFFECTIVENESS, AND 

QUALITATIVE FACTORS 

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: 

•An index 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. 

•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 segment~ 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 , several 
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 multiple 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 purpose 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 review 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 route 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 

Time Factor (in minutes) 
o OOD Segment 
o Direct Routing 
o Net Time for OOD Segment 

OOD Segment Passengers 

Through Passengers 

OOD Impact Index• 

STEP 2: RESOURCES 

Resource Savings 
(Bus Oporator) 

STEP 3: COST EFFECTIVENESS 

Marginal Cost Savings•• 

Passengers per Revenue Mile 

o OOD Segment 
o Direct Routing 
o Percent Change 

Route 25: 
Convoy 

3 
2 

104 

274 

2.6 

None 

$2,200 

1.90 
1.92 
1.10/o 

OOD Segment 
Route 16: 

Aero 

6 
2 
4 

86 

298 

13.9 

None 

$6,400 

2.18 
2.28 
4.70/o 

' - OOD Impact Index is the net through rider time impact per unit o/ OOD travel. 

Route 25: 
Linda Vista 

6 
2 
4 

117 

825 

28.2 

None 

$10,400 

1.90 
2.01 
5.60/o 

'• - Marginal 'out-of-pocket' operating costs calculated at $45,000 per bus operator and $0.50 per revenue mile. 
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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) 
indicate that no resource savings can be achieved with such 
a short OOD segment and that route productivity will increase 

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. 

High OOD Impact Index 

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. 

Osler 

Tall Strecl 

FIGURE 4 Linda Vista OOD segment. 
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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. 

- Main Line 
• • • Out-of-Direction Segment 
111111 Direct Route Segment 

"' NORTH 

Nat ta Scale 
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FIGURE 5 Aero Drive 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. 

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

• Low-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 is 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 p AUL 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 
p~ttern an? t? identify favorable situations for integrated oper
atioi_i. Optimized vehicle sizes, route spacings, zone areas, and 
ser~1ce headways are obtained and compared for fixed-route, 
flex1ble-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 (1-11). 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 (14,15) 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 (19-23). 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, .De_partment of Civil Engineering, National Taiwan 
Umvers1ty, Ta1pe1 , Taiwan, Republic of China. P. M. Schonfeld , 
Department of Civil Engineering, University of Maryland, College 
Park, Md. 20742. 

terns, a conventional fixed-route and a flexible-route sub
scription bus system, are considered. Threshold evaluation 
based on analytic optimization models (11) 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 = WIN, which is fixed over time , 
as shown in Figure la. A vehicle round-trip in period t consists 
of (a) a line-haul distance J traveled at express speedy V, 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 lb. The service area is divided into N, equal 
zones, each of which has area A, = LWIN, . 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 y V, 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 y V, 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 z1 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 n, 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, = cl>(n,A,)112 (1) 

In Equation 1, cl> 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 q, during each time period tis 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 (11) are 
used in this analysis. These optimality relations are presented 
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TABLE 1 VARIABLE DEFINITIONS 

Variable Definition Baseline Value 

fixed cost coefficient for period t ($/hr) 

a1, a,. a3 , and a4 = 30, 15, 15, and 15, respectively. 

service wne area in period t (sq. miles) 

variable cost coefficient for period t ($/seat hr) 

b1, b2, b3,and b4 = 0.4, 0.2, 0.2, and 0.2, respectively. 

C total system cost ($/day); = C, + Cu 

C, operator cost ($/clay) 

Cu total user cost ($/day) 

C, user in-vehicle cost ($/clay) 

Cw user wait cost ($/day) 

C, user access cost ($/day) 

d1 average delay per stop during period t (hr/stop) 

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) 

g access speed (miles/hr) 

h, headway in period t (hr) 

line haul distance (miles) 

L length of corridor (miles) 

m numberofperiods in the analysis time frame 

0.01 

2.5 

8.0 

4.0 

4 

n, 

N 

number of pickup stops in one co1lection tour during period t 

number of zones 

T, 

number of zones in period t 

bus load factor at peak load point during period t 

potential demand densiry in period 1 (trips/sq. mile/hr) 

q 1, q2 , q3, andq4 = 120, 60, 10, and 5, respectively 

route spacing (miles) 

stop spacing (miles) 

duration of period t (hrs) 

T 1, T,. T" and T4 = 3, 6, 6, and 9, respectively. 

0.25 

u, avg. no. of passengers per pickup point during period t 1.2 

u equivalent line haul distance (miles) = 2J/y + L/y 

value of in-vehicle time ($/hr) 5.0 

v, bus speed dunng period t (miles/hr); 

V1, V2, 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) 

W widrh of corridor (miles) 

value of access time ($/hr) 

y express ratio= express speed/local speed 

ratio of wait time/headway 

ratio of access distance/route spacing 

Z composite variable defined in Table 2 

constant in the collection distance equation 

Jt composite variable defined in Table 2 

o composite variable defined in Table 2 

8 composire variable defined in Table 2 

8.0 

3.0 

10.0 

2.0 

0.5 

0.25 

l.15 

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 VJ power and the Vs power of demand 
density for fixed- and flexible-route services, respectively. Fig-
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FIGURE 2 Demand pattern assumed in numerical 
example. 

TABLE 2 ANALYTIC RESULTS FOR OPTIMIZED BUS 
SYSTEMS 
(I) Fixed Route Service Multiple Periods Single Period 
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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. 

~ 50 

~ :; 
g 40 

.~ 
"' 
] 30 

~ 20 .......................... .. .... ......... . . ! 
10 

....... . . . ... .............. .. Flexible Route Service 

0 -1-~~~~~~~~~~~~~~~----l 

0 20 40 60 80 100 120 

Demand Density (trips/sq. mile/hr) 

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 Area 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-Yeh Cost 2.655 3.183 2.754 
($/trip) 

Avg. Access Cost 1.117 0 0.814 
($/trip) 
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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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Vnrinblc Rcpm.sqntatjon: 
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. 

hide 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 Qk, below 
which the flexible-route service is preferable and above which 
the fixeci-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 (11) 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 qmax and the minimal demand density 
is qmin · 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 
qmax (i .e., the threshold demand density is qa), 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 qm;n (i .e., the 
threshold demand density is qb) , fixed-route service should 
be operated exclusively. (See Figure 5, Case b.) 

3. If the fixed-route service is better at q = qmax but the 
flexible-route service is appropriate at q = qm;n (i.e., the 
threshold demand density qc is between qmax and qmin), 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. 
Ilecause 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) . 

~ 120 T1 Q1(qmaxl 

e { 100 
§ 

·~ 60 

~ 
.__T..::2 _ _,q1 

____ ___ S!~i~----------

Time (cumulative hour.; per cycle) 

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 ( C0 ), user wait cost (Cw), user access cost 
(C,), and user in-vehicle cost (Cv), can be expressed as a 
function of the decision variables [i.e., vehicle size (S), route 
spacing (r), zone area (Ai), and headway (h,)] and system 
parameters: 

i- 1 

c = L [Co(S, r, h,, K,) + Cw(h,, K,) 
t = l 

m 

+ C,(r, K,) + Cv(K,)] + L [C0 (S, A,, h,, K,) 
t = j 

+ Cw(h,, K,) + Cv(S, A,, h,, 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,+ b,S (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,S!rLq, (4) 

and for flexible-route service as 

h, = p 1S/A 1q1 (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: 

C = 'f LWD,q,T,(a, + b,S) + if wz 1p,..SWT, 
1- 1 p,S ,_, r 

i - • (' + s) i - • 
+ ~1 xz2 LWq1T1 -g- + 1~1 vLWq,T,M, 
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+ :f LWUq,T,(a, + b,S) 
r- i V,p,S 

:f LWq,T,cj>(a, + b,S)A}'2 f vLWUT, 
+ r- i V,(u,p,S) 112 + 1 / 

2V, 

+ ~ vLWq1T1cj>(A 1p 1S) 112 ~ w' z,LWTp,S 
.:::.., 2V 112 + L.J 1- i ,u, ,. , A, 

(6) 

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 (A,) 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 (11). Detailed derivations for integrated sys
tems are provided by Chang and Schonfeld (11) and Chang 
(36). Equation 7 is obtained by solving the first derivatives 
of the total cost function: 

s2 5112 5u3 0 (7) 

where 

(8) 

- i - I (z1z2 wx '.~ p,T,)uz 
f32 - L q,T, i - 1 

t - I gL L q,T, ,_, 
(9) 

[33 = (2w'z,cj>2)113 :f T,{ q~(b, + vp,12)i } ''3 
,_i u, V,[1 + a/ S(b, + vp,12)] 

(10) 

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: 

(

z1wgS* if p,T,)112 

* - ,_, 
r - i-1 

Z2WL L q,T, 
t= I 

(11) 



56 

A* = S*( 2z,w' V,11;n ) z13 
1 p, <~q.(r1, + b,S* + 11µ,!i*/2) 

t = j , j + 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 (S*) and route spacing (r*) or zone 
area (An into Equations 4 and 5: 

h* = S*p, 
1 r*Lq, 

f = 1, 2, ... , j - 1 (13) 

t = }, j + 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 B2 and the 
first term of 13 1 are components from the first and second 
periods, whereas 133 and the second term of 13 1 are components 
from the third and fourth periods, becomes 

33,027.S 
52 

78. l 39.5 
----=0 

sin 5113 
(15) 

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 different 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. 
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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 pre ent , .there i little space for additional express buses during 
peak hour m the Manhattan central business district in Madi. on , 

ifrh , and ixth avenues in Midtown and along Broadway and 
hurcb Street in Lower Manhattan. Volume-capacity analyses 

indicate tlrnt . citing limits on the number of express buses is not 
practical at pre ent. becau e bu 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 
Manhattan 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 more express buses on Midtown and downluwn 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 Ro.ad, 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 SOth 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 (a) 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 

PERCENTAGES FOR 1595 RIDERS 
!Another 348 Riders Did Not 
Specify Their Destinations) 

FIGURE I 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 75,556 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 7,174 

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 8,759 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 dwppeu [rum 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-50Lh 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 0 3 
YORK AVENUE 10 16 26 
2Nll 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 ?TS ~ 
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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 LOCAL BUS TOTAL 
FDR DRIVE 2 
YORK AVENUE 0 
lST AVENUE 8 
3RD AVENUE 10 
MADISON AVENUE 97 
8TH AVENUE 8 
BROADWAY 0 
AMSTERDAM AVENUE 6 
WEST END AVENUE 0 

TOTAL 131 

SOURCE: Hub-bound Travel 
New York Metropolitan 
Transportation Council 

0 2 
11 ll 
32 40 
29 39 
41 138 
11 19 
53 53 
8 14 
7 7 

192 323 

TABLE 4 PEAK-HOUR BUSES BY TYPE OF BUS, 44TH 
STREET-SOTH 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 
5TH 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) 
lST 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 
lOTH AVENUE ( 1) 7 7 

TOTAL 297 "i47"" 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 'l'O'l'AL 

LOCATION (SB) 
2ND AVENUE 4 20 2.4 
LEXINGTON AVENUE 14 (a) 44 58 
5TH AVENUE l37 59 196 
7TH AVENUE l3 l3 
BROADWAY 6(a) 36 43 
9TH AVENUE 6 6 

TOTAL l'6ii'""" 178 339 

LOCATION (NB) 
lST AVENUE 40 40 
3RD AVENUE lO(a) 44 54 
MADISON AVENUE l34 49 183 
AVE OF THE AMERICAS 77 25 102 
8TH AVENUE 8(a) 52 60 
lOTH AVENUE 6 6 

TOTAL 229 216 445" 

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) l3 109 (l3) 
WEST STREET 57 (39) 1 58 (39) 

TOTAL 2'i'7(75) ~ 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 

TO TAL 2o7 TOO ~ 

( ) DEADflEAD 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. 

•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 of206 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 

SCREEN LINE AND AVENUE DIRECTION 

A. 60TH STREET 
FIFTH AVENUE SOUTHBOUND 
MADISON AVENUE NORTHBOUND 

B. 44TH/50TH STREET 
FIFTH AVENUE SOUTHBOUND 
MADISON AVENUE NORTHBOUND 
AVENUE OF THE 
AMERICAS NORTHBOUND 

C. MAIDEN LANE/LIBERTY STREET 
BROADWAY SOUTHBOUND 
TRINITY PLACE/ 
CHURCH STREET NORTHBOUND 

NUMBER OF BUSES 

AM PEAK PM PEAK 
HOUR HOUR 

146(223) NA 
NA 138(206) 

164 196 
180 183 

142 102 

109 150 

164 NA 

Not e : 1987-9 Volume s are shown. Maximum volumes betwe en 1983 and 
1989 are s hown 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 Janes, traffic signal timing, traffic regulations, 
and availability of bus-only Janes), 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 Jane in buses per 
hour depends on the following: 

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

• 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 

D 
E (maximum) 

Suggested Guidelines 

Arterial Srreet 

81-105 
106-135 

CBD Srreet 

61-80 
81-100 

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 
Manhattan. 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) 

AVEITTJE OR STREET e;STIMJ\TED MAXIMUM flUS~:;/ l lUU K 
CAPAClTY 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 ) 
(WI TH PASSING OPPORTUNITY -
WIDE AVENUES) 90 (PM) 80 (PH) 

SINGLE BUS LANE 80 (AM) 70 (AM) 
(WI TH NO PASSING OPPORTUNITY -
I .E . NAR ROW AVENUES-CROSS 
STREETS) 70 (PM) 60 (PM) 

BUSES IN CURB LANE WI TH 70 (AM) 60 (AM) 
MIXED TRAFFIC 60 (PM) 50 (PM) 

(1) 5TH AVE OPERATES LARGE LY AS A DE FACTO DUAL BUS LANE 

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 morniJ1g 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 . 

l. Buses on Madi on and Fifth avenues operate at capacity 
with dual bu lane·. Therefore, no additional buses making 
passenger stops hould be allowed on the e street 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 
gai.ns might be achieve I by limiting the number of car on 
Broadway in the evening rush or providing dual bus lanes, 
and by running more buses nonstop on Church tree! through 
Lower Manhattan. 

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 h:we 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 . 

•Lexington 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. 

• 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 
SOTH STREET-ALL BUSES) 

AM PEAK HOUR 

OBSERVED DESIRED 
PEAK LIMIT 

BUSES/HOUR 

NORTHBOUND 
lST AVE 50 90 
3RD AVE 64 90 
MADISON AVE 180 lBO 
6TH AVE 142 90{a} [lBO] 
BTH AVE 50 90 
lOTH AVE 7 90 

SOUTHBOUND 
2ND AVE 57 90 
LEX ING TON 59 90 
STH AVE 164 lBO{e) 
BROADWAY 36 90{d ) 
7TH AVE 63 90 {d ) 
9TH AVE 7 90(d I 

PM PEAK HOUR 

NORTHBOUND 
lST AVE 40 
3RD AVE 54 
MADISON AVE 1B3 
6TH AVE 102 
BTH AVE 60 
lOTH AVE 6 

SOUTHBOUND 
2ND AVE 24 
LEX ING TON SB 
STH AVE 196 
BROADWAY 42 
7TH AVE 13 
9TH AVE 6 

NOTES: (a) Maximum Capac ty 120 
{b) Maximum Capac ty lB0-200 
(c) Maximum Capac ty 90 

BO 
BO 

lSO{b) 
BO{c ) [150] 
BO 
BO 

BO 
BO 

lSO{a } 
BO{d ) 
80{d ) 
BO{d ) 

RESERVE 

40 
,26 

0 
-52[3B] 
40 
B3 

33 
31 
16 
44 
B3 
B3 

40 
26 

-33 
-22 [4B] 

20 
74 

46 
32 

-46 
3B 
77 
74 

-{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. 

CHURCH STREET 

BROADWAY 

(a) Estimated. 

EXISTING 
PEAK HOUR 

BUSES 

164 

150 

DESIRED 
LIMIT 

lBO(a) 

150(a) 

RESERVE 

16 

0 



66 TRANSPORTATION RESEARCH RECORD 1308 

TABLE 11 ESTIMATED ADDITIONAL EXPRESS BUSES THAT COULD BE 
ACCOMMODATED IN CBD 

STREET 

LEXINGTON AVENUE 

SIXTH AVENUE 

54TH STREET 

53RD STRE!lT 

LOWER MANHATTAN 
TERMINAL 

Sourc e: Estimated 

OPERATIONAL 
CllANGE 

REROUTING 

DUAL BUS LANES 

ONE-WAY 
BUS STREETS 

BUSES RUN NON-STOP 
VIA 3RD-1ST AVE 

TOTAL, MIDTOWN 

TOTAL, DOWNTOWN 

'IVIO-WAY TOTAL 

ONE-WAY TOTAL 

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 (a) 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 

ADDTTTONA T. 811SJ<:S 

AM PM LIKELY 
PEAK HOUR PEAK HOUR ORIENTATION 

30 30 
BRONX 

30 30 

60 60 

QUEENS 
60 60 

180 180 

) BROOKLYN 
100 100 ) STATEN 

) ISLAND 
) NEW JERSEY 

280 280 

190 190 

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 sho11lc1 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) 
BROOKLYl>I 142 150 200 (3) 
QUEENS 140 140 170 (2) 

SUBTOTAL """'iiii'l ~ 66() 

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 

}AMES 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 UMT A'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 (J) . 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-less 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 UMT A (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 UMT A'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. 

Tnformation 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 identify 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 

..N.11. LI 

l. Trains Reouested 1.589 JOO 

2. Trains Assigned 

a. As requested 1,089 77 

b. Unrequested 325 23 

c. Total assignments I ,414 100 

3. Data Recovered 

a. From requested !l"dins 286 78 

b. From unrequested trains 82 22 

c. From all assi •ned trains 368 100 

4. Data Recovery Failures, due to 

a. Time tolerances 71 7 

b. Distance tolerances 56 5 

c. On/off tolerances 71 7 

d. lncorrecl/missing assignment information 113 II 

e. Unusable data 85 8 

f. Nodaia 650 62 

.. All sources (a-0 1,046 100 

I The percentage figures pertain to the breakdowns within each 

numbered category. 

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 1, G2 , 

ARTIC, ADB, B500, B300) 

where 

SAMP 

APC 

REQ = 
ASG 
AM 

PM 

AR TIC 

ADB 

B500 

B300 

the number of assignments in each train that 
recovered valid data ; 
the number of available APC buses of the re
quested type at the garage from which each train 
assignment was made; 
the number of times each train was requested; 
the number of times each train was assigned; 
1 if the train provided only a.m. peak service, 
0 otherwise; 
1 if the train provided only p .m. peak service, 
0 otherwise; 
1 if the train was dispatched from Garage 1, 0 
otherwise; 
1 if the train was dispatched from Garage 2, 0 
otherwise; 
1 if the train was an articulated bus model 
(Crown-Ikarus), 0 otherwise; 
1 ifthe train was an ADB bus model (40-ft GMC 
RTS-II), 0 otherwise; 
1 if the train was a B500 bus model ( 40-ft Flex
ible "Metro"), 0 otherwise; and 
1 if 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 1 and G2 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 R2 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 Sl. Dev. Coefficient L-raLio 

Constant n~ a. n.3. .26 1.76 

APC 6.86 5.01 . 169 4 .67 .. 

REO 4.46 5.03 ·.252 -10.81** 

ASG 5.52 3.66 .235 7.09** 

AM .29 .45 .3 11 2.43* 

PM .30 .46 .782 6.10** 

G1 .31 .46 -.666 -4.20** 

G? .32 .47 .861 6.16** 

AR TIC . IS .35 -.136 -.76 

ADB . 15 .36 2.090 10.62** 

BSOO .09 .28 -.061 -.29 

B300 .30 .46 l.285 8.48** 

R2 = .62 

F = 86.14 

n = 588 

• Significant at the .OJ 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 (Bl00/1000, 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-
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piing scheme. Of particular concern arc the AM and PM peak 
train and two of the bus types. Significant diJferences 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 (1) . The errors that 
have been observed with APCs indicate a tendency to un
dercount rather than overcount passenger activity. wherea 
b arding tend to be c unted more accurately t'han a.lighting . . 

In a demonstration ·tudy of AP · equipped with infrared 
beams, the Washington Metropolitan Area ransit Auth rity 
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, eattle, and Los Angeles) found slightly larger 
discrepancies between APC counts and recordings by manual 
checkers, although the differences were not statistically sig
nificant (1). 

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 re ult, 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 verall 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 count · differed signif
icantly, three involved overcounting and three involved un
dercounting. Of the five instances in which the APC and 
manna! alighting counts differed , two involved ovcrcounting 
by the AP . Tluee ·pecific buses were associated with ig
nificant differences in both board ing. and alightings. 
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TABLE 3 TESTS OF DIFFERENCES 
BETWEEN APC AND MANUAL COUNTS: 
OVERALL RESULTS AND CASES 
INVOL YING SIGNIFICANT DIFFERENCES 

Boardini:-s 

Bus# No. of Stops APC - Manual t - ratio 

347 80 .25 2.78 

350 142 .13 2.71 

901 81 -.II -2.58 

731 62 -.35 -2.50 

119 82 .09 2.16 

1040 81 -.10 -2.04 

All Buses 3 768 .01 .68 

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 UMT A (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 UMT A 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 UMT A'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 

nc = [(1.96Sc)/(0.1M)J2 (1) 

where 

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

Sc = 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 

Rec ucsrcd/ Assi Qncd All Assionments Recovered Dako 

Mean observations ocr train 3.1 5.5 2.6 

Calculated chi-souarc value 2 236.0 I 147.0 710.0 

Critical value .05 level 720.0 720.0 720.0 

Number of rrains 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 ·ta11dard deviation for a simple random sample 
need not he el<1borated , but its counterpart for a multistage 
cluster sample warrant. presentation. This tandard ueviation 
is defined as follows: 

Sc = [ll(n 1) · L n, · (M; - M)2]0·
5 (2) 

i 

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 

nc = [(1.96 · 19,159)/(0.1 · 8,481)]2 (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 
underrepresenlaliu11 uf 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' = Ll;·M; (4) 

where 

R' the corrected total ridership estimate, 
f; = the total number of scheduled bus trips associated 

with Stratification Category i, and 
M; the mean ridership value in Stratification Category i 

calculated from the sample observations. 
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Equation 4 pertains to an individual stratification factor. 
An extension to the joint applicatic•n of two factors would be 
obtained as follows: 

(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 UMT A 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 

S!ro !lfied by Bus Tyoc 

Bus Tvne Avcml!c "ons"/Lrio Scheduled Trios Estimated Boardinns 

Bl00/1000 28 I 883 52.724 

B300 19 I 802 34,238 

ARTlC 40 608 24.320 

ADB 24 1,083 25.992 

B500 27 775 lQ.ill 

158,199 

St rn tiGcd by Tjme-of-Day 

AM Peak• 27 911 24 597 

Midday 28 3 146 88 .088 

PM Peak•• 22 1,967 43,274 

Other 15 127 ~ 

157 864 

The AM Peak period includes nll Lrips initialed between 6:00 and 8:00 AM. 

*"' The PM Peak period includes all Lrips 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 (J), 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 federal transportation 
programs, such as the programs for transit under Sections 18 
and 9 of the Urban Mass Transporttttion 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
alternati ve 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 

Questions 3 and 4 to operations procedures, the probability 
of obtaining reliable data increases. 

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 

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 

l . Who is ultimately responsible for developing policy 
and procedures tor 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 (Please Specify ~~~~~~~~~~~~~~ 

2. How many hours per week does that person allocate towards 
managing your agency•s transportation program? 

LARGE AGENCIES SMALL AGENCIES 

40 or more hours 
30 to 3 9 hours 
20 to 29 hours 
less than 20 hours 

* = Not scored 

* 
* • 

• 
* 
* 
* 

3. Who is responsible for supervising day to day operational 
duties tor your agency•s transportation program? 

LARGE AGENCIES 
Executive Director (0) 
Program Director ( 0) 
Assistant Director ( 0) 
Transportation Manager (0) 
Transp Coordinator ( 0) 
Administrative Asst. (O J 
Driver ( - 5 
Other (Please Specify ~~~~~~~~~ 

SMALL AGENCIES 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 

•· 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 
( 8 ) 
(4) 
( 2 ) 
(0 ) 

SMALL AGENCIES 
(8) 
(6) 
(6) 
(0) 

6. What percent of your agency's total budget is provided through 
donations or contributions? 

20% or more 
10% -19% 
5% - 9% 
1% - 4 % 
0% 

LARGE AGENCIES 
(0) 
(2) 
(4) 
(6) 
(8) 

SMALL AGENCIES 
( 0) 
(2) 
(4) 
(6) 
(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 
(0) 
(2) 
(2) 
( 4) 
(8) 

SMALL AGENCIES 
(2) 
(4) 
(4) 
(6) 
(8) 

11. Does your agency require drivers to submit their motor 
vehicle record with their application prior to hiring? 

Yes 
No 

LARGE AGENCIES 
(2) 
(0) 

SMALL AGENCIES 
(2) 
(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 
indicated that drivers are not responsible for supervising op
erations (Table 2). Although this variable did not influence 
applicants' scores , it will be used in future reviews to evaluate 
their assignment of supervisory responsibilities. 

Table 2 indicates that only 38 percent of the large agencies 
allocate 40 or more hours to supervising operations. All the 
small agencies reported that their transportation programs are 
supervised less than 40 hr per week. Summary results for the 
breakdown of unsecured funding levels were consistent for 
both applicant groups. The largest difference in replies for 
unsecured funding levels corresponded to the 20 percent cat
egory. Eight percent of the large agencies disclosed that their 
total budget is provided through donations of 20 percent or 
more; 22 percent of the small agencies indicated that they 
relied on contributions for the same amount. 

The percentage levels of volunteer drivers for both appli
cant groups were also comparable (Table 2). Twenty-two per
cent of the small agencies do not require the review of motor 
vehicle records for employment purposes, compared with 8 
percent for the large agencies. Thirty-eight percent of the 
large agencies and 59 percent of the small agencies indicated 
that they did not require driver candidates to complete a 
physical examination as a condition of employment. 

Large Agencies Small Agencies 
N Percent N Percent 

i.l.!mn:yisoi: Qt: o:e~ r!lt i2D§ 
Ddver 0 o.o 0 o.o 
Other 26 100 . 0 27 100 . 0 
I 2td 26 lQ Q. Q in 122, Q 

Hours of supervision 
40 or more 10 38.0 0 o. o 
20-29 6 24.0 9 33.0 
20 or less 10 38.0 18 67 . 0 
'.l.:s:!ti!l ~ 6 l.QQ,Q 27 JOQ.Q 

Unsecured Funding 
20% or more 2 8.0 6 22.0 
10-19% 4 15.0 3 11. 0 

5-9 % 4 15.0 4 15.0 
1-4 % 12 46.0 11 41. 0 
0 % 4 15.0 3 11. 0 

I Q t il l 26 l. QQ . Q Z2 lQQ ,Q 

Volunteer Drivers 
50 % or more 3 12.0 1 4.0 
10-49% 2 8.0 0 0.0 
1-9% 1 3.0 2 7.0 
0% 20 77.0 24 89.0 
Total 26 100.0 27 100.0 

Use of Motor Vehic l e Record s for Employment Purposes 
Yes 24 92.0 21 78.0 
No 2 8.0 6 22.0 
Total 26 100.0 27 100 . 0 

Use of Physical Exami@ tions for Employment Pu moses 
Yes 16 62.0 11 41. 0 
No 10 38.0 16 59.0 
Total 26 100.0 27 100.0 
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QUESTIONNAIRE DESIGN FOR MAINTENANCE 
VARIABLES 

Table 3 gives examples of questions used to evaluate appli
cants' management procedures to maintain equipment and 
extend the useful life of vehicles. Question 15 is designed to 
assess the preventive maintenance procedures completed by 
applicants without assistance from vendors. Scoring assign
ments were based on providers' ability to reduce vehicle 
downtime and mileage by completing maintenance proce
dures without outside assistance. Scoring assignments were 
aggregated for each type of preventive maintenance proce
dure completed by the applicant's staff. Large and small agen
cies were evaluated by identical scoring assignments. 

The ability of organizations to monitor the condition of 
their equipment is measured by evaluating where vehicles are 
parked overnight (Table 3). Applicants obtained more points 
by indicating that vehicles are parked overnight in a central 
location. Applicants were also evaluated on their ability to 
protect vehicles from vandalism. Organizations obtained more 
points if they park vehicles in areas with security fencing. 

SUMMARY OF MAINTENANCE RESULTS 

The results of the responses to the maintenance questions are 
summarized in Table 4. The data are grouped together by 
possible scoring alternatives for large and small agencies. The 
results indicate that there is little difference between large 
and small agencies in the amount of preventive maintenance 
procedures completed without outside assistance. Eighty per
cent of the large agencies reported that they do not complete 
any repairs in-house, compared with 82 percent of the small 
agencies. 

The tabulated responses to Question 16 indicate that agen
cies park their vehicles in a variety of locations. Fifty-four 
percent of the large agencies park their vehicles at drivers' 
homes in combination with other locations. Table 4 indicates 
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that 81 percent of small agencies park vehicles overnight at 
a program site. Agencies also differed in the amount of se
curity fencing provided for their vehicles. Fifty-eight percent 
of the large agencies indicated that security fencing is not 
provided, compared with 82 percent of the small agencies. 

SUMMARY OF SERVICE NEEDS RESULTS 

Table 5 summarizes a ranking of the average number of miles 
operated per month for each vehicle in an organization's fleet. 
Agencies were asked to provide the total number of miles 
operated per month for all vehicles. The data were sorted in 
descending order by using data base management functions. 
Scoring assignments were based on the mean and standard 
deviation of the sample and the question's weighted point 
value. The question weight for this variable was 12 points. 
Agencies that ranked above the mean value obtained more 
than 50 percent of the total possible points. 

Scoring assignments were established by categorizing point 
values on the basis of the standard deviation of the sample. 
Data ratios were cross-referenced by checking current odom
eter readings in relationship to the model year of each vehicle 
in an agency's fleet. The table indicates that 8 of the 10 agen
cies with the highest average vehicle mileage operate fewer 
than six vehicles. 

This type of measurement technique was also used to eval
uate the influence of proposed projects on ridership and fleet 
age by ranking the number of clients transported per the 
combined number of requested vehicles and base fleet vehi
cles that have not exceeded useful life standards. 

SUMMARY OF FINDINGS 

Figures 1 and 2 summarize average criterion scores for large 
and small agencies. The total possible points for each criterion 
is indicated by the placement of a square symbol. The results 

TABLE 3 EXAMPLES OF SCORING ASSIGNMENTS FOR 
MAINTENANCE QUESTIONS 

15. What preventive maintenance items does your agency complete 
without the assistance of an outside contractor, service 
station, or garage? 

Oil and Lube Filter Change 
Change Transmission Fluid 
Flush Radiator/Change Coolant 
Replace Spark Plugs 
Contract all maintenance 

LARGE AGENCIES 
(1) 
(1) 
(1) 
(1) 
(0) 

SMALL AGENCIES 
(1) 
( 1) 
(1) 
(1) 
(0) 

16. Where are your agency's vehicles parked overnight? 

Drivers' Homes 
Program Site(s) 
Parking lot furnished by 
Government Agency 
Other (Please Specify) 

LARGE AGENCIES SMALL AGENCIES 

(0) 
(6) 

(6) 

(2) 
(6) 

(6) 



TABLE 4 MAINTENANCE RESULTS 

L!H:g i: ilgi:ns:;.iH sm!IH ilgi;tD!<_iH 

N PeJ:C!lnt N PU!<!ilDt 

fz::eventive Maintenance Items Qomgleted In-House 

0 Items 21 80.0 22 82.0 

1 Item 2 8.0 2 7.0 

2 Items 1 4.0 0 o.o 

Items 0 o.o 0 o.o 

4 Items a.a 11.0 

Total 26 100 . 0 27 LOO . 0 

l&~~:ti2D QJ:: E!!J:l>!il2 ;'.e lJ.i.!i<l'i.S 

Drivers 1 Homes 11. 0 5 19.0 

Program Site/ Public Agency 9 35.0 22 81. 0 

Combination of Locations 14 54.0 0 o.o 

Total 25 100.Q 27 100 . 0 

SecyJ::ity fencing PJ;QV i,ded 

All Vehicles 1 4.0 11.0 

Some Vehicles 10 38.0 2 7.0 

No Vehicles 15 58.0 22 82.0 

l'.Ql;;aj, 26 lQQ. 0 27 1Q Q,Q 

TABLE 5 SAMPLE RANKING OF NUMBER OF MILES OPERATED 
PER VEHICLE (QUESTION WEIGHT = 12, SAMPLE MEAN = 1,476, 
STANDARD DEVIATION 918) 

SIZE RANK 

small 1 

Small 

Large 

small 

Small 5 

Small 6 

small 7 

Small 8 

small 2 

Large 10 

Large 11 

Large 12 

Large 13 

Large 14 

Large 15 

Large 16 

r.arge 1 7 

Large 18 

Small 19 

AGENCY 
NAME 

AVG. NUMBER OF MILES 
PER MONTH . PER VEHICLE 

Vector Industries 4400.0 

Eastern SlJQi;:e Rural He51ltll 4QOO.O 

Lewis Puller Center 3100.0 

Danville Association ARC 3063.0 

Central Virginia Health Ctr. 3000.0 

Friendship Industries 2862.5 

Mental Retardation Services 2800.0 

Goochland Fellowship 2750.0 

NQrthwesteUJ Wo r kshop 252Q.O 

New River Valley Workshop 2337.5 

Rappahannock Adult Activities 2222.2 

Sussex Adult Activity Service 1943.7 

ARC Greater Prince William 1832.8 

Community Alternatives 1783.3 

Rappahannock AAOA 1750.0 

Marc Workshop 1666. 7 

Mou ntain Emp i r e of t hp S WfS t 1575 Q 

Peninsula Agency on Aging 1471.4 

Richmond Community senior Ctr 1426.0 

Double underline indicates - Greater than Mean Value 

Total Number Ranked = 53 

SCORE 

12 

12 

10 

10 

10 

10 

10 

10 

1 0 

8 

8 

8 

8 

8 

8 

8 

8 

4 
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Cl Criterion Weight 

FIGURE 1 Average scores by criterion and fleet 
size-operations, maintenance, and service need. 

70 1990 Program Year 

60 
. -----a ···-···-·-··-·-····· .... -.. 

50 

.a .. 
40 

33 

Project Request Coordination Prior Funding 

Standard 5.B 6.5 12.1 10.6 11.7 5.0 
Deviation 

1:1 Criterion Weight - large ~Small 

* Influence on Fleet Age and Ridership 

FIGURE 2 Average scores by criterion and fleet size
project request, coordination, and prior funding. 

indicate that average criterion scores for operational proce
dures, maintenance procedures, service need , and the pro
posed project's influence on ridership and fleet age differed 
by fewer than 10 points for large and small agencies. Only 
the coordination criterion and the Section 16(b )(2) funding 
history criterion differed significantly. The standard deviation 
values were also similar except for the coordination and prior 
funding criteria . 
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Of the seven questions used to evaluate operations strat
egies, the average difference in scores for all variables was 1 
point (Figure 1) . This result can be attributed to the frequency 
of similar responses from large and small agencies to questions 
concerning defensive driver training and unsecured funding 
levels. Large agencies obtained, on the average, more points 
than small agencies for the use of physical examinations as a 
condition of employment. However, the question 's low scor
ing assignment offset the influence of the average point spread 
between the two groups. This factor contributed significantly 
to reducing overall scoring differences between groups for 
this criterion. 

The differences in maintenance criterion scores (Figure 1) 
were also insignificant for large and small agencies because 
of the type of measurement techniques applied to evaluate 
applicants and the similarity of responses received . The ser
vice need criterion results (Figure 1) indicate that the avail
ability of public transportation is similar for large and small 
agencies. In addition, the use of applied measurement tech
niques to evaluate service need indicates that both groups 
accumulate similar vehicle mileage per month . Service need 
scores differed greatly in the average number of clients trans
ported per month for all vehicles excluding spare vehicles. 
Large agencies ranked proportionately lower for this ratio 
than small agencies. 

The variables used to measure the proposed project's in
fluence on fleet age and ridership included service use alter
natives and the number of clients transported per vehicle less 
than 5 years old or with less than 100,000 accumulated miles 
(Figure 2). Average criterion scores were similar for both 
groups because most applicants indicated that requested 
equipment would be used to replace vehicles . Also , the rank
ing of data for client ridership and fleet age generated an even 
distribution of scoring assignments for the two groups. Co
ordination scores , on the average, were much greater for large 
than small agencies. Large agencies obtained more points by 
demonstrating a more active involvement in maintaining co
operative service arrangements tha11 small agencii::s. Avi::ragt: 
scores for the prior funding criterion reflect that large agencies 
have received Section 16(b )(2) funding more frequently than 
small agencies in the past 2 years . 

In 1990, the described methodology caused more small fleet 
agencies to be recommended for funding than in previous 
years. Sixty-three percent of the small agencies that applied 
for financial assistance were funded for capital assistance, and 
8 of the 10 applicants ranked highest were small agencies. 
Evenly distributed applicant scores for both groups and lop
sided prior funding scores, which favored small agencies, caused 
the shift in funding . 

CONCLUSION 

It is uncertain that the continued use of this methodology will 
produce similar results, because applications are not received 
from the same organizations each year and agencies' operating 
practices are subject to change. However, it is certain that 
future applicants will be assessed by specific, consistent scor
ing procedures, thus increasing the ability of the administering 
agency (VDOT) to screen applications equitably and make 
effective planning decisions. 
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The methodology reduced scoring variance compared with 
previous reviews. However, the use of discretionary scoring 
assignments established a bias toward certain management 
procedures and practices. The evaluation process could be 
improved by designing more precise standards to gauge re
sponses to fixed-alternative questions. In addition, future 
scoring assignments should not undervalue the significance of 
independent variables, such as safety procedures and person
nel policies, that greatly influence program goals yet require 
support documentation to validate data. 

Consideration should be given to reducing the criterion 
weight for prior funding opportunities. Although this criterion 
assists in providing a more even distribution of equipment, it 
does not guarantee improved funding for applicants that pro
vide safe, reliable transportation service where public trans
portation service is unavailable. 
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Implications of Transit Drug Testing and 
Maintenance Service Procurement for 
Small Urban and Rural Systems 

T. H. MAZE, KATHLEEN M. WAGGONER, JAMES DOBIE, AND 

MARK E. MAGGIO 

In recognition that drug use in the work, place is a p rvasive prob
lem, in 1986 an executive order was signed by the pre idem calling 
for a drug-free workplace. As a re ult the U. . Department of 
Transportation , in eptember l987, became the fir t executive 
agency to adopt a drug-testing policy. The origins and current 
status of transit industry drug-testing requirements for safety
sensitive workers are reviewed. Drug testing has been shown to 
effectively discourage the abuse of drugs. Currently, UMTA's 
drug-te ting requirements have been suspended. Congress is ex
pected, however, to provide UMTA the authority to rein tate 
drug-testing requirements. Small urban and rural transit agencies 
a:re concerned that the implementation and enforcement of drug
testing guidelines and regulations will place a cvere and dispro
portionate administrative burden on them. Testing re luirem nt 
are perceived by some as rendering it difficult or impossible to 
purchase maintenance and other support services. Most small 
agencies that buy maintenance services currently do o through 
mall purchase agreements. TI1cy do nor purchase services thr ugh 

the competitive bidding proce s. To examine the accuracy of the 
perception of the drug-testing issue i11 the rransit industry a lim
ited number of agendes that compelitively bid and procure main
tenance services were surveyed. Data collected indicate that 
maintenance ervice contractors are generally willing to comply 
with drug-te ting requirements. Furthermore, most reported good 
service and indicated that they had accrued cost saving. through 
c mp1;:t itivt:ly aw<irde::d maintenance contracts. 

The original U.S. Department of Transportation (DOT) drug
testing requirements for transit workers in safety-sensitive 
areas were issued in November 1988. They were to be im
plemented on December 21, 1989, at transit systems in urban 
areas with populations greater than 200,000 (1) . Transit sys
tems serving urban areas with populations less than 200,000 
were to certify compliance by December 21, 1990, and states 
were to certify compliance by their rural transit subgrantees 
by December 21, 1990. [Rural transit operations (in areas 
with urban populations less than 50,000) receive funds through 
Section 18 of the Urban Mass Transportation Act of 1964, as 
amended. However, states are the recipients of these funds, 
and the transit agencies are subgrantees . Therefore, the state 
is the grantee of the federal government , and the state must 
certify compliance with drug testing.] 

After several challenges to the legality of drug testing, the 
Amalgamated Transit Union won a judgment to suspend 
UMTA's authority to require drug testing . The U.S . Court 
of Appeals unanimously ruled that when Congress added Sec-

Iowa Transportation Center, Iowa State University, Ames, Iowa 50011 . 

tion 22 (Safety Authority) to the Urban Mass Transportation 
Act of 1964, it intended to give UMTA the authority to deal 
with safety hazards in " a manner that requires case-by-case 
development of local solutions." It was not intended to do so 
" via federally mandated, uniform rulemaking procedures that 
may not be responsive to concerns at the local level" (Amal
gamated Transit Union et al. versus Samuel K. Skinner, Sec
retary of Transportation, United States Court of Appeals for 
the District of Columbia Circuit, argued December 14, 1989, 
and decided January 19, 1990, pp. 14-15). 

The drug-testing rules are currently suspended, and DOT 
has authored legislation to grant UMTA authority to address 
and resolve safety problems through a federal mandate (2). 
Another version of the drug-testing bill expanded UMT A's 
authority to include additional testing for alcohol (3) . Re
gardless of the exact language of the final bill, it is likely that 
drug testing will be reinstated. 

There is evidence that many urban transit system managers 
and employees view drug testing as another necessary ad
ministrative burden for their safety-sensitive, labor-intensive 
industry. The American Public Transit Association Drug and 
Alcohol Task Force has conducted a survey of the drug-testing 
practices of approximately 450 urban transit systems ( 4). Of 
240 agencies responding to the survey, 155 had initiated drug
testing programs before or shortly after the December 21, 
1989, deadline for transit systems serving large urban areas. 
Of the 155, approximately 80 percent have continued to test 
even though UMTA's requirement has been suspended. These 
results suggest that most urban transit systems that have adopted 
drug-testing procedures recognize the growing consequences 
of drug abuse in the workplace . Twenty-six of the agencies 
surveyed had implemented drug-testing programs as early as 
1985, 4 years before UMTA's requirements . 

Rural agencies have been more reluctant than their large , 
urban counterparts to adopt drug-testing programs. It has 
been argued that drug testing creates a costly administrative 
burden that far outweighs the promised safety benefits (5). 
In addition , small systems are less self-sufficient and more 
often dependent on contractors' support services for main
tenance, fueling, emergency services, and so forth. Small rural 
systems, for example , say that they would find it difficult , if 
not impossible, to impose and enforce drug testing on their 
contractors . 

The issues concerning the difficulty of enforcing drug
testing requirements on contractors working for small transit 
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systems are critical. Convincing arguments are set forth that 
the administrative costs of drug testing are a burden for very 
small transit systems (e.g., those systems with fewer than eight 
vehicles). However, the research findings described in this 
paper indicate that even small systems can find support service 
contractors that are willing to comply with drug testing if they 
procure services by awarding contracts competitively. It is also 
likely that transit systems will accrue cost savings as a result 
of competitively contracting for support services (if they are 
not already purchasing services through competitively bid, 
written contracts). 

The researchers identified and interviewed 23 transit op
erators that procure support services (maintenance or main
tenance plus some aspect of route operations) through com
petitive awards of contracts. Of those that had discussed drug 
testing with their contractors, the majority found that the 
contractor was willing to comply. In addition, most reported 
good service and have accrued cost saving through competi
tive contracting. 

DRUG TESTING ORIGINS: HISTORICAL 
CONTEXT 

Drug abuse is a serious problem for public-sector service pro
viders and industry. It is estimated that drug abuse costs the 
economy $26 billion annually (6). More than $16 billion of 
the cost is in industry and work-related activities and is due 
to such factors as lost productivity, absenteeism, disability 
claims, and theft (6). The National Council on Alcoholism 
sets the cost to industry of alcohol abuse at approximately 
$20 billion annually (6). Employees with alcohol problems 
may cost their employers as much as $2,500/year in production 
losses and absenteeism (6). 

The Federal Railroad Administration recorded evidence of 
alcohol and drug-related accidents occurring between 1975 
and 1983. Their data indicated that these accidents resulted 
in 34 fatalities, 66 nonfatal injuries, and $28 million in lost 
railroad property and direct costs (7). Craft Consultants, a 
drug education and counseling firm, estimates that 4 million 
workers abusing drugs in the workplace have been referred 
for treatment within the past few years (6). 

Despite the extensive level of research conducted in the 
area of work-related drug and alcohol abuse problems, the 
exact costs to industry and public agencies are not easily quan
tifiable. It is often difficult, for example, to identify the effects 
of drug and alcohol abuse on productivity, absenteeism, and 
employee turnover rates. These kinds of costs are intangible 
and difficult to examine objectively. 

Because the effects of drug abuse are clearly significant, 
small and large transit agencies alike are faced with developing 
quality employee assistance programs to screen and identify 
high-risk employees. A negative message that may be per
ceived is that such programs stress punishment instead of 
recovery. The issues surrounding drug testing, therefore, must 
be realistically addressed, balancing employee rights against 
public confidence in the safety of public transportation. 

Given the seriousness of the productivity losses and the 
potential decline in public safety, agency actions to curb drug 
and alcohol abuse by employees in the workplace are needed. 
Employers who are combating drug abuse problems are most 
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likely to maintain a high success rate if they initiate educa
tional programs for their employees. This tends to enhance 
confidence among employees, management, and the public, 
because it emphasizes treatment rather than punishment. 

Drug Testing Precedents 

In 1981 the military began a program of random drug testing. 
As a result, from 1982 to 1988 there was an 82 percent re
duction in drug use (8). The Coast Guard has also had success 
with random testing. On implementation of a drug-testing 
policy, positive tests for drugs were reduced from 10.3 percent 
in 1983 to 2.8 percent in 1988 (9). Evidence of the effective
ness of drug testing in the military and the Coast Guard is 
clear. These results, coupled with the gravity of the drug 
problem, ultimately led to increased societal support for drug 
testing. 

In 1986, President Reagan signed Executive Order 12564, 
which calls for a drug-free workplace emphasizing public health, 
safety, and national security. DOT, in September 1987, be
came the first executive agency to adopt a drug-testing policy. 
Rules for drug testing by all administrations of DOT were 
first published in the November 21, 1988, issue of the Federal 
Register (10). Whereas test cases in the court system have 
indicated that most DOT administrations have the authority 
to mandate drug testing, UMT A does not. Its drug-testing 
rules are currently suspended. It is, however, likely that Con
gress will eventually provide UMTA with the authority to 
mandate drug testing and that future drug-testing rules will 
look much like the original rules. 

Who Is Subject to Screening for Drugs? 

UMT A's suspended drug-testing program is limited to em
ployees in agencies whose responsibilities affect the safety and 
security of the public. Employees in safety-sensitive positions 
include those providing support in vehicle operation activities 
such as revenue vehicle movement control, including dis
patchers and others working in safety and safety-training po
sitions, and revenue vehicle inspection and maintenance per
sonnel, including mechanics and technicians who perform 
inspection and maintenance work on revenue vehicles or their 
components. 

Contract service employees are subject to testing if their 
work is ongoing, continuous, and routine . There must be a 
"relationship" between the agency and the service contractor, 
and the agency must certify that the contractor is conforming 
to the drug-testing requirements . A relationship is construed 
to include such things as a small purchase agreement to pur
chase fuel from a local service station. It does not include 
emergency services such as a call to a local service station to 
repair a flat tire during a road call. Any maintenance service 
contract that involves functions such as servicing, fueling, 
inspection, and preventive maintenance of revenue vehicles , 
however , is covered by the UMT A rule. 

Nonvehicle maintenance support, including passenger shel
ters and equipment, and communication systems are also cov
ered under the UMTA rule. Supervisory personnel subject 
to the UMT A rule include those who supervise employees 
performing any of the services mentioned above. 
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Goals of Drug Testing in the Public Transportation 
Industry 

The primary goal of drug testing in public transportation is 
to identify, using objective criteria, employees who pose a 
threat to public safety. By using this controversial policy to 
curb the abuse of drugs in the workplace, confidence in public 
transportation is more likely to be sustained. 

Procedural Guidelines for Drug Testing 

In March 1989, UMTA began requiring any transit agency 
receiving federal financial assistance through Sections 3, 9, or 
18 of the Urban Mass Transportation Act of 1964, as amended , 
to establish antidrug programs consisting of 

• A policy statement on drug use in the workplace; 
• An employee and supervisor education and training 

program; 
• A drug-testing program for employees and applicants for 

employment in safety-sensitive positions; and 
• Administrative actions for record keeping , reporting, re

lease of information, certification of compliance, and requests 
for waivers . 

It granted $740,000 to provide several states with funds to 
develop comprehensive demonstration models of drug-free 
programs (11). These procedural documents and courses pro
vide much direction for UMTA's drug-testing rules and pro
cedures. It is easy to understand why a small transit agency 
manager would feel overwhelmed by all the administrative 
details in the guidelines. The detail is necessary to ensure 
prudent , equitable, and unbiased application of drug testing. 
For brevity, only three pivotal procedural aspects are de
scribed below. 

Drugs Evaluated by Tests 

The drugs eovered under UMTA regulations include cocaine, 
heroin, amphetamines, marijuana, and Phencyclidine (PCP). 
Urinalysis is used to determine the presence of drugs. Testing 
for additional drugs is permissible but may be problematic. 
If employers choose to test for other drugs, including alcohol , 
they can do so if they follow correct procedures designated 
for the particular drug or alcohol. If they do so, however, a 
separate sample must be taken. The DOT sample cannot be 
used for this purpose, and the Department of Health and 
Human Services does not certify laboratories for analyzing 
drugs beyond the five prescribed by UMT A. A recent article 
(12) pointed out that 

in the drug testing area, DOT felt it necessary to limit testing 
to labs certified by the Department of Health and Human 
Services. It questions whether alcohol testing is sufficiently 
simple to obviate the need for special certification . There are 
also issues concerning preserving the chain of custody of sam
ples and whether medical review officers should be required. 

As an example of the seriousness and widespread abuse of 
alcohol, during a 7-year period DOT's inspector general found 
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that 10,300 individuals who had previously had their driving 
licenses revoked for driving while intoxicated became certified 
pilots (9). DOT found that in 1986, 30 percent of 300 randomly 
selected truck drivers tested positive for drugs or alcohol (9). 

When Are Employees Tested? 

Testing of employees who perform sensitive safety functions 
is to be carried out under the following circumstances (13 ,p.21): 

• Before employment for , or assignment to , a safety
sensitive position; 

• If they contributed to, or cannot be completely dis
counted as a contributing factor in, an accident; 

• On an unannounced and random basis (the number of 
tests conducted annually must equal 50 percent of all em
ployees who perform sensitive-safety functions); 

• Before returning to duty after having refused a drug test 
or after not passing a drug test; or 

• For a reasonable cause . 

Sanctions for Employees Testing Positive for Drugs 

UMT A requires that employees who test positive for drugs 
be immediately removed from safety-sensitive positions . Em
ployees must comply with a "return to work" drug test before 
reinstatement to a safety-sensitive position. In a March 1990 
seminar sponsored by Batelle Laboratories on drug testing in 
the transit industry, workshop leaders suggested that an em
ployee who is suspected of drug abuse but refuses to be tested 
should be penalized more severely than an employee who 
agrees to be tested and tests positive. Refusal to comply might 
well be construed as insubordination to be punished by im
mediate suspension or termination. Before returning to work 
in a safety-sensitive position, an employee must undergo a 
drug test (13,p .20) . 

LEGAL CHALLENGES TO DRUG-TESTING 
PROGRAMS 

The legal issues surrounding drug testing involve questions of 
employee privacy rights under the Fourth and Fourteenth 
amendments to the Constitution, public safety , employer in
terest in ensuring the highest employee performance stan
dards, and employer protection from legal liability in accident 
cases. The Fourth Amendment protects against unreasonable 
search and seizure of one's person or property. The Four
teenth Amendment addresses issues concerning equal treat
ment and employees' privacy rights. Two approaches used 
when addressing privacy rights are the traditional or war
rantless administrative search and the "balancing" standard. 
The balancing standard emphasizes an interpretation that is 
relative to a case-by-case circumstance or situation (14) . 

Warrantless Searches 

Drug testing of employees does not require warrants because 
tests are not used for criminal prosecution. Warrantless ad-
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ministrative searches are justified by strong state interest in 
highly regulated industries. Because the information received 
from drug testing is directly related to the safety of the public, 
the argument is that the privacy expectation of the individual 
is lowered. 

Some limitations on constitutional issues between private 
and public agencies are unclear. One recent eourt case ruled 
that a drug-testing program in the workplace involved state 
action because the private employer was a subcontractor of 
a state agency (Craft versus Pace of South Holland, 1988) 
(15). Nonconstitutional limitations include state drug testing 
laws, state constitutions, torts, employment laws, and certain 
federal statutes. 

Employee Privacy Versus Public Safety 

A military court's ruling in Committee for G.I. Rights versus 
Callaway (16) in 1975 set a precedent for subsequent court 
decisions. In this case, testing for administrative purposes 
allowed the military to test without reasonable cause. When 
individuals are singled out, reasonable cause is required. 

Strong state interest, lowered expectations of privacy by 
employees, a low level of intrusiveness, and procedural pro
tection for employees are factors that influence the courts to 
rule in favor of drug testing. In Division 241, Amalgamated 
Transit Union (AFL-CIO) versus Suscy (17), for example, bus 
drivers were required to submit to urine tests (not random) 
on the basis of a lowered expectation of privacy, a strong state 
interest, and procedural protection for those being tested. In 
Shoemaker versus Handel (1986) (17), the first random drug
testing case, the U.S. District Court in New Jersey ruled that 
the state's interest in a horse-racing track reduced the expec
tation of privacy by jockeys. The court ruled that the state's 
interest in a highly regulated industry took precedence over 
the privacy rights of the individual jockey. 

In contrast, in Amalgamated Transit Union, Local 1277, 
AFL-CIO versus Sunline Transit Agency (17) the court con
cluded in 1987 that "the public's interest in safety" was im
portant, but in this case random testing did not conform to 
reasonable cause requirements. The Ninth Circuit Court of 
Appeals in San Francisco in American Federation of Govern
ment Employees versus Carlucci (17) concluded that a random 
urinalysis was inconclusive evidence of impairment or abuse. 
The U.S. Circuit Court of Appeals overturned the lower court's 
ruling and unanimously upheld random drug testing (18). The 
court ruled that the issue of employee privacy is "outweighed 
by the Department's (DOT) compelling interests in prevent
ing drug use among employees who are involved in public 
safety or national security." The Supreme Court later refused 
to hear an appeal of the case (19). 

Related Legal Problems 

Claims of employment discrimination from wrongful dis
charge, aside from those arising under the United States Con
stitution, include (a) state constitutional protection, (b) in
trusiveness of urinalysis procedures, and (c) the confusing 
situations created by suits brought by plaintiffs under the 
Federal Rehabilitative Act of 1973 and Title VII of the Civil 
Rights Act of 1964. 
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A job applicant who is refused employment or who is dis
ciplined on the basis of tests that reveal the presence of drugs 
could claim unfair discrimination under the Federal Reha
bilitative Act. The act does not protect drug abusers who 
cannot perform their jobs as a result of drug abuse or when 
such impairment causes a threat to company property and 
personnel. A person who refuses rehabilitation is not eligible 
to collect either unemployment benefits or workman's com
pensation. The act applies to both public and private agencies 
that accept federal funding. 

The Civil Rights Act of 1964 prohibits discrimination based 
on race, sex, religion, or national origin. If an employee uses 
the act in a defense, the employer must counter allegations 
by stating that employee discipline was predicated on poor 
job performance. In New York City Transit versus Beazer, 
the Supreme Court upheld a policy that prohibited hiring 
narcotics users. This ruling disproportionately affected the 
black and Hispanic communities. 

Many legal problems may be expected to emerge as a result 
of drug-testing regulations. The suspended drug-testing reg
ulations require that transit agencies receiving federal funds 
certify that personnel performing safety-sensitive functions, 
including personnel who are not employees of the transit agency 
but are employees of support service providers, meet the drug
testing requirements. For example, if an independent garage 
performs routine maintenance on transit vehicles, employees 
performing routine maintenance must meet the same drug
testing requirements as the transit agency's own employees 
performing safety-sensitive functions. In addition, even though 
a transit agency does not purchase routine maintenance ser
vices through a competitively bid, written contract, and they 
are bought through a small purchase agreement with a local 
garage (such as using an oil company credit card to purchase 
services), the drug-testing requirements apply, and the transit 
agency has an informal contract with the garage performing 
the service. 

Maze et al. have recently conducted a survey on the effects 
of drug testing on contracting for maintenance services in 
public transportation (T. H. Maze, K. M. Waggoner, M. E. 
Maggio, and J. Dobie, A Manual on Contracting for Main
tenance Services, research in progress). The results indicate 
that drug testing may well present administrative burdens, 
particularly for small transit operators. Moreover, careful 
management and monitoring of maintenance contractors is 
likely to become the norm should UMT A be granted authority 
to initiate an aggressive drug-testing program, including ran
dom testing, in public transportation agencies receiving fed
eral funds. In the following section of this paper, the results 
of the survey are presented. 

FINDINGS OF SURVEY 

The primary objective of surveying agencies that contract for 
maintenance was to collect data on the state of the practice 
of maintenance contracting in the transit industry (T. H. Maze, 
K. M. Waggoner, M. E. Maggio, and J. Dobie, A Manual 
on Contracting for Maintenance Services, research in prog
ress). Surveying expected drug-testing practices was a sec
ondary reason. The results concerning expected drug-testing 
practices, however, are the focus of this discussion. The survey 
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was conducted by telephone with some in-person follow-up. 
Respondents were predominantly small urban transit systems 
and rural agencies. 

Survey Methodology 

Although a preponderance of evidence suggests that com
petitively contracted maintenance services frequently reduce 
operating costs, few transit agencies contract for these services 
(20). The rationale for retaining in-house maintenance ca
pabilities included factors such as better control over quality 
of maintenance, better control over the equipment, ability to 
specialize in transit equipment maintenance, integration with 
other service functions, and retention of equipment mainte
nance expertise in-house. 

What appears most troublesome is that small agencies tend 
to have their vehicle maintenance conducted through private 
service providers using small purchase agreements rather than 
through competitively awarded contracts. Common argu
ments provided by small agencies (usually rural systems) against 
competitively bidding maintenance services are that (a) the 
bidding mechanism is too complex and thus an administrative 
burden, (b) the agency is currently able to "shop around" to 
find the best price, (c) service providers are unsophisticated 
and thus unable to bid on services, (d) contracting would lock 
them into a service provider that would be unresponsive to 
their needs, and (e) contracting would result in their losing 
absolute control over equipment. 

On the other hand, several small agencies in rural areas do 
competitively contract for maintenance services. For the most 
part, they report receiving excellent service at lower costs. 

To identify agencies with positive or negative contracting 
experiences, staff members with transit oversight responsi-
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bilities at state departments of transportation were contacted 
to identify agencies that currently contract for maintenance 
services. Agencies from 45 states were contacted (the states 
that were not contacted were Alaska, Hawaii, Delaware, Rhode 
Island, and New Mexico). Twenty-five state contacts did not 
think that any systems contracted for maintenance in their 
state. Four contacts did not believe that there were any agen
cies that competitively contracted for maintenance in their 
states but were not certain. Fourteen contacts were able to 
identify agencies that competitively bid contracts for mainte
nance services. Through DOT contacts, 23 agencies that com
petitively contract for maintenance services were identified. 

This process has missed some agencies. The purpose of the 
survey, however, was not to identify the entire population of 
small transit systems that contract for maintenance services; 
it was to identify the state of the practice. A sample of systems 
was identified to begin determining trends in the industry. 

Survey Results 

Table 1 gives a summary of the findings. The systems surveyed 
represent a cross section of the country. Fourteen agencies 
had discussed drug testing with their contractors, and the 
contractors agreed to cooperate. Two agencies commented 
that their contractors had already begun planning for drug 
testing: the contractor for one of the agencies had its em
ployees adopt a drug policy statement, and the other claimed 
that the contractor had already developed a plan for the 
administration of drug testing. Two agencies contracted with 
firms that had their own drug-testing policy in place and are 
currently conducting drug testing. 

Two agencies had not discussed drug testing with their 
maintenance contractors because they did not want to alarm 

TABLE 1 ANTICIPATED CONTRACTOR COMPLIANCE WITH DRUG-TESTING REQUIREMENTS 

. .. 
Cost of Services ••• A enc St.at e A enc T No of Vehicles Antic I ate Dr ricncc Experience 

Alabama Section 18 12 lio Sc"rVICC Exper 1 enc Sav1 ngs 
Florida Section 9 34 Program In Place Good Service Experienced Savings 
Iowa Section 18 35 No Problem Good Service Experienced Savings 
Kansas Section 18 26 Some Problems Good Service Experienced Savings 
Kentucky Section 18 12 Have Not Discussed Yet Just Started No Basis For Coq>arison 
Haine Section 18 18 Contractor Uninterested in Testing Good Service No Basis For Coq>ar i son 
Maine Section 18 23 Have Not Discussed Yet Mixed Experience No Basis For Coq>arison 
Michigan Section 9 20 No Problem Good Service Experienced Savings 
Michigan Section 18 6 No Problem No Response No Response 
Minnesota Section 18 47 Phase-out Contract For Other Reasons Starting I nhouse Anticipated Savings !mouse 
Ohio Section 9 16 Testing Pol icy In Place Good Service Experienced Savings 
Ohio Section 9 10 No Problem Good Service No Basis For COfi1larison 
Ohio Section 9 27 No Problem Good Service Experienced Savings 
Oklahoma Section 18 26 Some Contractors Hay Not Cooperate Good Service Experienced Savings 
Oregon Section 18 2 No Problem Acceptable Service No Savings or Increase 
Oregon Section 18 2 No Problem Good Service Experienced Sev i ngs 
Oregon Section 18 12 Program In Place Good Service Experienced Savings 
Oregon Section 18 10 No Problem Good Service Experienced Savings 
Pennsylvania Section 18 5 Contractor Is Unlikely To Cooperate Service Unset i sfectory No Basis For C~arison 
Vermont Section 18 20 Developed Plan For Testing Good Service Experienced Savings 
lJash ington Section 16 30 No Problem Good Service Experienced Savings 
Washington Section 18 17 No Problem Good Service No Basis For C°"1>arison 
Yest Vi r:ilinia Section 18 15 No Probl ~m Good Serv ice E:ic~d et~ed Sov ~g 

The number of vehicles operated by Section 18 agencies were derived from: Community Transportation Association of America, "A Directory of UMTA-Funded Rural 
and Specialized Transit Systems," Prepared for the Urban Mass Transportation Administration, Washington, D,C, 1990, DOT-T-90-05. 

... 
Since none of the agencies had in fact established a complete drug testing program. managers were forced to speculate on the problems they would encounter 
when they asked their service contractor to comply with a drug testing program . 

None of the agency managers had conducted an economic analysis to estimate whether there were savings that resulted from contracting for services. Managers 
that estimated a savings (or a cost increase) did so based on judgement 
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the contractors at a time when the status of drug testing was 
unclear. Two agencies had multiple contracts, in which dif
ferent contractors were used at different locations. They said 
that it was likely that some contractors would cooperate, 
whereas others would not (primarily because of the low vol
ume of transit business). 

Two agencies perceived that their contractors would not be 
willing to comply with drug-testing requirements. One rep
resentative said that if a new contractor could be found, it 
would cooperate through rebidding. Another agency was un
sure whether it could find any maintenance service providers 
who would submit their employees to drug testing. One agency 
was phasing out its current contract because it was developing 
in-house maintenance capabilities. 

Of those agencies that had planned to implement drug
testing requirements for contractors, some planned to have 
the contractor pay for the cost of testing as a cost of doing 
business. Other agencies planned to reimburse the contractor 
for the cost of the test and the employee's time while traveling 
to and from the sample collection site. 

The managers of the agencies were also asked if they had 
experienced good service from their contractors. Most agreed 
that they had a good relationship with their contractors and 
that they were receiving good service. In follow-up case stud
ies, it was found that strong contract administration by the 
transit agency, regular communications, and flexibility were 
attributes of successful contracting (T. H. Maze, K. M. Wag
goner, M. E. Maggio, and J. Dobie, A Manual on Contracting 
for Maintenance Services, research in progress). 

Some systems surveyed have always contracted. As a result, 
they did not have a point of reference for maintenance costs 
without contracting. Most who had a point of reference be
lieved that competitively bid contracts have resulted in cost 
savings. 

The results of the survey are clear. Competitively bid, con
tracted maintenance services generally result in transit system 
savings, and agencies are generally satisfied with the quality 
of service. Some agency managers believe that the drug
testing requirement would result in the need to rebid services. 
In one case it was stated that no local contractors would want 
the work under the drug-testing requirements. Nonetheless, 
a majority of those contacted agreed that their contractors 
would comply with drug-testing rules. 

Although compliance with drug-testing requirements does 
not appear to be an impossible barrier for most small transit 
agencies, it could present a significant burden for very small 
agencies (e.g., those with fewer than eight vehicles). Because 
of a very small agency's lack of maintenance work volume, a 
contractor may not find the work attractive enough to com
pensate for the added administrative burden. 

As other transportation industries (e.g., trucking) come 
into compliance and industry in general adopts the require
ments, testing is likely to become more commonplace and 
accepted by mainstream employees. For example, when the 
DOT requirements are fully applied across all transportation 
modes (except transit) by the end of 1990, roughly 4 million 
transportation workers in all locations in the United States 
will be covered by drug-testing programs (21). Therefore, in 
time, drug testing is likely to lose its stigma, and contractors 
attracted by the work will lower their resistance to drug-testing 
requirements. 
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CONCLUSIONS 

Drug testing has been shown to significantly deter drug use 
by employees. Challenges to the constitutionality of drug test
ing, including random testing, have been defeated in the courts. 
The concern is that an alarming rate of drug abuse in the 
transportation sector may come to light as testing is imple
mented on a nationwide basis (22). Though there may well 
be some disruptions in work forces in certain modes of trans
portation should the rate of workers testing positive be high, 
the time has arrived for the transportation industry to move 
forward on this critical issue. 

Testing is unquestionably an administrative burden for small 
agencies. This is a troublesome issue. State or association 
consortiums can assist small agencies in dealing with the bur
den. For example, transit agencies near each other could form 
consortiums and use the consortium's size to reduce the indi
vidual burden of contracting for maintenance services. State
wide transit associations could work with automotive service 
associations to identify potential contractors and develop and 
disseminate model contracting language and procedures. 

The imposition of drug-testing requirements is likely to 
cause agencies not currently procuring service through com
petitive contracting to establish closer relationships with their 
maintenance providers. The strengthening of relationships is 
likely to result in more competitively awarded, written con
tracts. Though at first examination this appears to be an over
whelming burden to the "shade tree" mechanic, experience 
has shown that it is not an insurmountable impediment to a 
local business. Some small rural transit agencies competitively 
contract for maintenance using written agreements as short 
as one page, and local garages perform the work. 

Procedures intended to minimize the administrative burden 
are becoming available for small agencies and their third-party 
contractors. The procedures are designed to provide for the 
development of consortiums of collection sites to minimize 
costs and enforcement problems and alleviate some of the 
record keeping and chain of custody problems that might 
otherwise be impossible to manage. This is expected to assist 
transit agencies, contractors, and the employees who will be 
subject to drug testing. 

A positive factor associated with the drug-testing issue is 
reflected in Table 1. With the implementation of drug-testing 
requirements, more competitive contracting for vehicle main
tenance is likely. Agencies that competitively award vehicle 
maintenance contracts are likely to accrue savings. There will 
necessarily be resistance to any new policy that adds to the 
administrative work load for agency directors. Whereas the 
sample size for this study was not large, agency directors inter
viewed for this study indicated that contracting for maintenance 
of their vehicles, and subsequent compliance with the federal 
rules on drug testing, were not insurmountable problems. 

These findings are not meant to be a blanket endorsement 
for contracting for maintenance services under all circum
stances. Very small agencies in remote areas may have a 
limited pool of private-sector maintenance service providers 
willing to compete for the transit agency's business. Although 
it is expected that such instances will be extreme (the auto
motive service industry has a low cost for entry and is highly 
competitive), the application of drug testing in such cases is 
likely to require that systems search for creative local solutions. 
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Finally, agencies considering contracting for maintenance 
services must be cautioned. Successful contracting requires 
continual monitoring and careful management of contracts. 
For maintenance contracting, this implies developing or hav
ing the contractor develop a rigorous preventive maintenance 
routine. Agency staff should regularly monitor invoices and 
inspect work to ensure that it is being completed to the agen
cy's satisfaction. However, these same recommendations rep
resent prudent practice for professional transit managers, and 
they should be followed by agencies that do not have written 
contracts and purchase maintenance services through small 
purchase agreements. 
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Challenges for Integration of Alternative 
Fuels in the Transit Industry 

M. E. MAGGIO, T. H. MAZE, KATHLEEN M. WAGGONER, AND 

JAMES DOBIE 

The implementation of alternative-fuel, heavy-duty engines is 
promoted under the Clean Air Act of 1990. The move toward 
alternative fuels finds impetus from the emission-reducing prop
erti~s of alternative fuels and the need to reduce dependence on 
foreign petroleum supplies. The widespread use of alternative 
fuels faces three major integration challenges: (a) the leading 
alternative fuels have handling requirements that are different 
from petroleum fuels, and some are hazardous; (b) some have 
low energy densiti.es and, a~ current prices, are more expensive 
per diesel fuel-eqmvalent umt of energy; and (c) the United States 
lacks an adequate ready supply of alternative fuels as well as a 
high-volume, nationwide distribution network. ' 

An overview of the physical and handling properties, the 
health hazards, and some of the supply issues related to the 
most widely used alternative fuels is provided. Four leading 
alternative fuels are discussed using experience derived from 
experimentation in the transit bus industry. Results generated 
in the transit bus industry have been used to analyze the use 
of alternative fuels in a "real-time" production environment. 
The transit bus industry provides the best source of empirical 
data on fleetwide implementation of alternative transporta
tion fuels technology . Issues that confronted the transit op
erators and the experiences of some 40 different trials in
volving more than 200 coaches (in service in early 1991) in 
the United States and Canada were obtained (1). 

Differences between properties of alternative and conven
tional (e.g., gasoline and diesel) fuels, and precautions that 
should be taken to guard against risks of handling alternative 
fuels and maintaining alternative-fuel engines, are identified. 
It is not suggested that alternative fuels present greater risks 
than conventional fuels, simply different risks. 

The paper also counters some misconceptions concerning 
the hazards of integrating alternative fuels into transit fleets . 
Clearly, alternative fuels, and for that matter conventional 
fuels, present significant health and safety challenges. Ex
perience through alternative-fuel vehicle demonstrations in
dicates that with proper training, facility design, and adequate 
precautions, alternative fuels can be handled safely by op
erations, service, and maintenance personnel. 

Current Environmental Protection Agency (EPA) tail pipe 
emissions rules and the Clean Air Act of 1990 (as amended) 
are pressing transit managers to embrace alternative-fuel en
gine technology . In many cases , legislation has encouraged 
the introduction of alternative-fuel buses into transit fleets . 
The information presented should help transit managers select 
specific technology and prepare the work force and should help 
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maintenance facilities safely operate alternative-fuel vehicles. 
The paper is not a complete overview of each technology. A 
thorough investigation into the costs and benefits is encour
aged before implementation of alternative-fuel vehicles. 

CLEAN AIR ACT REQUIREMENTS 

The Clean Air Act of 1970, which set forth clean air goals 
and emission standards for the nation , has been amended 
several times . Nonetheless, the United States has been unable 
to reduce ambient air pollution levels as the act requires. 
Extensions of deadlines for meeting air quality standards were 
granted repeatedly but expired in 1988. Finally, P.L. 101-549, 
which amends the 1977 Clean Air Act (P.L. 95-95), was signed 
into law on November 15, 1990. The most recent Jaw is com
monly called the Clean Air Act of 1990. 

The new Clean Air Act sets standards for stationary and 
mobile sources of pollution and establishes incentives for 
emissions reduction. The sections of the act are as follows: 
Title I, Ambient Air Quality (smog); Title II, Motor Vehicles; 
Title III , Air Toxics (hazardous air pollutants); Title IV, Acid 
Rain (utility power plants); Title V, Permits (stationary or 
area source); Title VI, Stratospheric Ozone; Title VII , Fed
eral and State Enforcement; Titles VIII-X Miscellaneous· 
and Title XI, Job Loss Benefits. A detailed ~ynopsis appear~ 
in the Congressional Quarterly (2) (the act itself is more than 
300 pages). 

Title II requires EPA to set forth , by January 1, 1992, 
emissions standards for urban buses for model year 1994 and 
thereafter. The standards may be based on and reflect industry 
costs , safety issues, and lead time factors, but they must re
quire compliance with heavy-duty truck emissions standards 
for the same model year. In 1994, bus emissions of particulate 
matter (PM) may not exceed 50 percent of the 1994 truck 
standards. The EPA administrator may require that all buses 
placed into service in urban areas with populations exceeding 
750,000 (1980) that have not met PM standards use alternative 
fuels . Title II specifies methanol, ethanol, propane, natural 
gas, or any comparably low-polluting fuel. 

Compared with earlier EPA rules, the new act allows a 
slightly higher level of PM emissions for model year 1991 and 
1992: 0.25 grams per brake-horsepower-hour (g/bhp-hr) , de
creasing to 0.10 g/bhp-hr in 1993 and beyond. The 0.10 level 
represents an 83 percent reduction in particulate emissions 
from 1988-1990 standards . 

EPA has been charged with implementation and enforce
ment of the act and will be formul ating and proposing amend-
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ments and administrative rules through 1991 and beyond. New 
heavy-duty truck standards, generally for vehicles with gross 
vehicle weight between 8,500 and 26,000 lb, on which bus 
standards will be based, are shown in Table 1. 

Continuing in effect are EPA rules for transit buses and 
heavy trucks requiring a reduction in nitrogen oxides (NO.) 
from 10.7 g/bhp-hr in 1989 to 5.0 g/bhp-hr in 1991. Trucks 
have until 1994 to meet the particulate standards, and in 1994 
bus and truck standards may converge (3). 

Standards for hydrocarbon emissions (1.3 g/bhp-hr) and 
carbon monoxide (15 .5 g/bhp-hr) were made effective in 1987 
and remain in force. By and large, these standards have been 
met. 

Under authority found in enabling legislation, EPA also 
regulates vehicle exhaust and evaporative emissions as well 
as emissions from refueling of tanks and vehicles. National 
Ambient Air Quality Standards (NAAQS) have been estab
lished under EPA's regulatory authority. To reduce ozone 
concentrations in metropo.lil'an areas, NOx emissions stan
dards were included in the NAAQS (40 CFR 80 and 40 CFR 
86) . 

The heavy-duty truck fleet will be required to meet a phased
in reduction of hydrocarbon, carbon oxide, and NOx emis
sions through 1998, with intermediate standards in 1994. 

The new legislation directs the EPA administrator to set 
standards for carbon oxide emissions at cold temperatures, 
evaporative emissions , on-board vapor recovery systems, and 
reformulated and oxygenated fuel use and credits in nonat
tainment areas. The act sets fuel volatility standards , allowing 
an exception for gasohol. It also sets a maximum sulfur con
tent for diesel fuel. (Gasohol is 10 percent ethanol and 90 
percent unleaded gasoline. Diesel fuel sulfur content by 1993 
must have a Cetane index below 40 .) 

LEADING ALTERNATIVE AND CLEAN-BURNING 
FUEL CANDIDATES 

Current diesel engine technology cannot meet the EPA tail 
pipe emissions standard. The early deadline for buses has 
placed pressure on transit industry and equipment manufac
turers to seek clean-burning alternative fuels. 

It is clear that no single alternative fuel will emerge soon 
as the favorite, especially in the transit bus industry . Exper
imentation and engine testing necessarily have led to many 
candidates. The leading fuels that will meet the 1991 bus 
emissions standards or the 1994 truck emissions standards 
include methanol, compressed natural gas (CNG), ethanol, 
and liquefied petroleum gas (LPG). Reformulated gasoline 
and "clean diesel" fuel should also be included as possible 
clean-burning fuels. Although the main ingredient of refor-
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mulated fuel is a conventional fuel, reformulated fuels are 
clearly different from conventional fuels and have many de
sirable attributes. The feasibility of other alternative fuels, 
such as solar power, electricity, or hydrogen fuel, has not 
been demonstrated in the field, and so these fuels were ex
cluded from this analysis. 

UMT A has compiled a list of past, present, and likely future 
applications for capital assistance by transit agencies under its 
Alternative Fuels Initiative program. Applications since 1988 
and "likely" future applications bring the total alternative 
vehicles under this program to 808 ( 4). Sixty-two percent of 
the past and expected applications are for CNG-powered buses, 
13 percent are for LPG-powered buses, 13 percent are for 
ethanol-powered buses, and 5 percent for methanol-powered 
buses. The remaining applications included other technolo
gies, particulate traps, and liquefied natural gas, or were 
undecided. 

Methanol 

Methanol, an alcohol fuel, is also known as methyl alcohol, 
wood alcohol, or carbinol. An oxygenated hydrocarbon, its 
molecular formula is CH30H. It is a clear, colorless liquid 
with a characteristic odor. It is derived from natural gas pro
cessing, gasification of coal, or wood-based refuse and other 
biomass sources. The conversion of coal and biomass to meth
anol is roughly twice as expensive as conversion from natural 
gas. Therefore, commercially available methanol is almost 
entirely derived from natural gas. The methanol-fueled heavy
duty engine is the only technology that has demonstrated its 
ability to meet the 1991 transit emission standards for both 
particulates and NOx (3) . 

CNG 

CNG is a clean-burning gaseous fuel that can significantly 
reduce hydrocarbon, NO., and carbon monoxide emissions 
from diesel levels. The gas is highly compressed when used 
as a fuel, to between 2,400 and 3,000 psi, to increase the 
available energy. This accounts for the necessity of strong, 
heavy (thickness of0.25 to 0.5 in.) on-board steel or aluminum 
tanks. 

CNG engines can meet the 1991 particulate emission stan
dards. In fact, according to American Gas Association tests, 
CNG engines emit no PM. It is, however, proving difficult 
for CNG engines to meet the NOx emission standards. CNG 
engines eliminate evaporative reactive hydrocarbons, and in 
three of four studies, current CNG technology exceeds EPA 
standards for exhaust reactive hydrocarbons. There appears 

TABLE 1 HEAVY TRUCK EMISSION STANDARDS (BUSES MAY NOT 
EXCEED 50 PERCENT OF THESE LEVELS) 

Hydrocarbons 
Carbon oxides 
Nitrogen Oxides 
Nitrogen Oxides 

0.39 g/mi 
5 g/mi 
1.1 g/mi 
4 g/bhp-hr. 

(1994-95 
(1994-95 
(1994-95 
(1998) 

Note: 50\ of trucks must comply by model year 1996, 
rising to 100\ thereafter. 

0.49 g/mi) 
6.2 g/mi) 
1. 38 g/mi) 
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to be general agreement that hydrocarbons from exhaust will 
be well below EPA levels with advanced technology CNG 
engines now in development. Carbon monoxide emissions 
from CNG engines are more than 50 percent below those of 
gasoline engines (5). 

Ethanol 

Ethanol, an alcohol fuel, is also known as ethyl alcohol, grain 
alcohol, or just alcohol. An oxygenated hydrocarbon, its mo
lecular formula is C2H 50H. It is water clear and has a neutral 
odor. Appearance and odor could be modified by adding 
nonhazardous components. Ethanol is produced through the 
fermentation of simple sugars or through other chemical and 
catalytic reactions. Most fuel ethanol in current use is fer
mentation ethanol, produced as a by-product of corn or wheat 
milling processes (6). 

Ethanol engines produce only half the carbon monoxide of 
gasoline, significantly reduce PM, and emit no harmful hy
drocarbons. There is contradictory evidence in emissions stud
ies. One recent EPA study found an increase in hydrocarbon 
and NOx emissions as a result of increased ethanol use (7). 

Most ethanol used in fuel is in gasohol, which is sold in 42 
states and accounts for about 9 percent of the total gasoline 
market (8). Though performance reports on gasohol use in 
automobiles are mixed, it is clear that with proper engine 
design and adjustment, ethanol blends, as well as neat ethanol, 
are appropriate, clean-burning fuels. Ethanol prices and sup
plies depend on the grain market and to a certain extent on 
the location of the wholesale and retail outlet. Nearly 1 billion 
gal of ethanol is used with gasoline in gasohol blends each 
year (9). 

LPG 

LPG is a gaseous fuel that may include propane gas, butane 
gas, or a mixture of the two . LPGs can be extracted from oil 
fields or derived as by-products of the petroleum refining 
process, specifically in refining and cleaning up natural gas. 
LPG is gaseous under normal atmospheric conditions, but it 
may become a liquid when compressed or refrigerated. It is 
then reconverted to a vapor for burning in the engine. 

LPG has been used as an internal combustion fuel since 
the mid-1920s. National standards for containers and perti
nent equipment were first published in 1940 and have been 
continuously updated (10) . 

Reformulated Fuels 

Fuel reformulation may include altering the composition of 
gasoline or diesel fuel to reduce sulfur and particulate content. 
There is significant potential for "clean" diesel fuel and for 
expanding the scope and performance of fuel mixtures, such 
as gasohol and M85. These alternatives are under study by 
petroleum companies and engine manufacturers. One large 
oil company predicts that clean diesel fuel will be readily 
available in time to meet the 1994 tail pipe standards for heavy 
trucks (A. Krodel, unpublished data, 1990) . 
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Ethanol also has a role to play in the composition of re
formulated gasoline. Octane levels in any reformulated gas
oline must be kept high. Octane is a measure of the fuel's 
resistance to premature ignition, which causes spark-ignited 
engines to knock. Oil companies typically add oxygenates to 
fuels to raise octane levels. They are currently unable to meet 
Clean Air Act standards while keeping fuel octane ratings 
high using 100 percent petroleum-based ingredients. They can 
use a non-petroleum-based oxygenate in the form of ethanol, 
or ethyl tertiary butyl ether (ETBE). The other common ox
ygenate is methyl tertiary butyl ether (MTBE), a petrochem
ical made from methanol (8). 

HANDLING PROPERTIES, HAZARDS, AND 
AVAILABILITY OF ALTERNATIVE FUELS 

The handling characteristics of alternative fuels differ signif
icantly from those of diesel fuel or gasoline, which is a major 
obstacle to their implementation. Clearly, conventional fuels 
have presented many safety problems, but they have been 
overcome in the last 130 years of petroleum experience. The 
automotive and petroleum industries developed appropriate 
infrastructure and safety precautions to deal with the dangers 
of conventional fuels (11). The leading alternative fuels, on 
the other hand, present different and challenging risks . Many 
of the differences in the handling properties of alternative 
fuels are due to their chemistry and physical properties. 

Because gasoline and diesel fuel are molecular mixtures, 
their specific physical properties vary. For example, the boil
ing temperature of gasoline ranges from 80°F to 437°F. For 
diesel fuel the range is 370°F to 700°F. Diesel fuel contains 
approximately 18,000 Btu/lb and 130,000 Btu/gal, whereas 
gasoline contains about 18,000 Btu/lb and 115,000 Btu/gal 
(gasoline is less dense and, therefore, has fewer Btu per gallon 
than diesel fuel) (A. Kradel, unpublished data, 1990). Ethanol 
and methanol, on the other hand, are pure chemicals with 
fixed physical properties. The differences in chemistry and 
physical properties account for the different risks associated 
with transferring, dispensing, and handling alternative fuels. 

Alternative fuel users also face the problem of supply. 
Availability largely depends on the manufacturing and dis
tribution systems for fuels. Most transit systems do not depend 
on public commercial fueling sites , because they maintain 
their own refueling facilities. Use of even the leading alter
native fuels is not widespread in fleet operations, so fuel sup
plies and vendors are, to varying degrees, limited. 

Conventional fuels are available throughout the United States 
through a widespread system of pipelines , terminals , and de
livery vehicles. The existing petroleum fuel distribution sys
tem delivers 110 billion gal of gasoline and 20 billion gal of 
diesel fuel for motor vehicle operation in the United States 
each year (A. Krodel, unpublished data, 1990). The conven
tional fuel distribution system does not lend itself to the dis
tribution of alternative fuels. Alcohol fuels are corrosive and 
mix with water. Gaseous alternative fuels are not compatible 
with the existing liquid fuel distribution system. In addition, 
limited amounts of alternative fuels are available. 

The following subsections discuss the handling properties, 
hazards, and availability for each of the leading alternative 
fuels. Each of the alternative fuels requires enhanced venti-
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lation of maintenance workplaces compared with conven
tional fuels. The type and location of ventilation necessary 
varies with the fuel (some fuels produce vapors that settle in 
low places, whereas others are lighter than air). The last sub
section deals with training requirements for mechanics and 
vehicle operators so that they can deal with the hazards and 
improve handling safety. 

Methanol 

Handling Properties and Hazards 

Methanol is considered a fire hazard when exposed to sparks, 
heat, or flames. Ignition sources for methanol include sparks 
from shop equipment and even sparks from static electricity. 
Methanol vapor has a density 1.1 times that of air, so it settles 
in low-lying areas, such as maintenance pits. Work areas should 
be appropriately ventilated with mechanical systems to avoid 
concentrations of methanol fumes. At the same time, meth
anol is much less likely than gasoline to ignite in open air. In 
well-ventilated or open-air areas, the low volatility of meth
anol makes fires less likely (P . Machiele, paper presented to 
American Institute of Chemical Engineers , 1989) . 

The flash point of a flammable liquid is the lowest tem
perature at which sufficient vapors may form above a pool of 
that liquid to permit its ignition. The flash point of methanol 
is 52°F. Therefore, the flammability of outdoor methanol spills 
changes with the seasons; flammability is not a problem on 
cold winter days. 

A pure methanol fire has low flame luminosity , making it 
difficult (at night) or impossible (in daylight) to see or even 
to estimate the size of the fire. This led to the development 
of the M85 blend. With M85, the flame is visible in broad 
daylight. 

Disposable work rags and methanol-contaminated absorp
tive material may present a fire hazard and are regulated 
wastes. Unless laboratory test results indicate otherwise, they 
should be assumed to be hazardous (Resource Conservation 
and Recovery Act, 40 CFR 261.31 and 261.32). They must 
be stored in EPA-approved fire-resistant covered containers 
until transport, using the EPA Uniform Hazardous Waste 
Manifest, to an EPA-permitted disposal facility [29 CFR 
1926.252(e)J. Reusable cloth rags sent to commercial laun
dries are apparently "unregulated," although transit opera
tors should carefully consider the liability and ethical issues 
associated with laundering these rags (Iowa Waste Reduction 
Center, University of Northern Iowa, 1991). 

A prime fire hazard of methanol-fueled vehicles may be 
ruptured fuel tanks resulting from vehicle collisions. To date , 
two such collisions and spills have been reported; neither 
caught fire. Methanol vehicle operators may want to consider 
carrying an on-board supply of vermiculite or other absorptive 
material, as well as an on-board fire extinguisher. 

Methanol is considered to be a moderate explosion hazard. 
A mixture of methanol fuel vapor and air will auto-ignite at 
725°F. Liquid methanol ignites if exposed to hot surfaces , 
such as hot engine exhaust manifolds and components ex
ceeding 430°F (12). 

Methanol storage and dispensing facilities present unique 
but not insurmountable challenges. Methanol is incompatible 
with and may react vigorously with strong oxidizing agents, 
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such as nitrates, perchlorates, and sulfuric acid. In a main
tenance facility, common oxidizing agents include battery acid 
in automotive batteries and (zinc) chromate primers. Chro
mium (chromate) plating baths, lawn fertilizers (nitrates) , and 
common powdered lime are other examples of incompatible 
oxidizing materials. Therefore, methanol must be stored and 
dispensed in separate facilities. 

Fiberglass, glass-lined, or stainless steel vessels, piping, and 
fittings must be used for methanol. Methanol is a solvent , 
and it may attack and corrode plastic, rubber, and coatings 
found in traditional fuel storage and dispensing equipment. 
It may react with or corrode aluminum metals , such as steel
aluminum fuel nozzles, generating hydrogen gas. Methanol 
may attack terneplate linings of fuel tanks, aluminum or zinc 
fuel pump and carburetor castings, and fuel line and fuel pump 
elastomers (13). 

The threat of explosion and fire in fuel tanks is more sig
nificant for methanol than other fuels. Fuel tank explosion of 
methanol vapor-air mixtures is possible with air temperatures 
between 45°F and ll0°F. In a "closed-air" environment, gas
oline vapors are considered too rich to burn, and diesel fuel 
vapors are considered too lean to burn. The methanol fuel
air mixture in closed-air tanks is within its ignition limits. To 
explode, the mixture must first be exposed to an ignition 
source. Methanol in a closed tank should be considered an 
explosion hazard (12). 

Storage tanks often include floating covers, or tanks with 
inert atmospheres that address the problem of surface accu
mulation of vapors. Both on-board fuel tanks and stationary 
fuel storage tanks may accumulate excess vapors, necessitat
ing vapor recovery and return systems for all fuel transfers 
(14; P. Machiele, paper presented to American Institute of 
Chemical Engineers, 1989). 

Methanol delivery systems that include a submersible pump 
are not appropriate because the pump becomes an ignition 
source. Therefore, facility space should be allocated for a 
traditional stand-alone pumping system (P. G. Saklas, un
published d;ita , 1989). 

Vapors from methanol are toxic. A person who can smell 
methanol has probably been exposed to an unhealthy level. 
A brief whiff, however, is not considered harmful. The max
imum airborne limit for methanol vapor, set forth by the U.S. 
Department of Labor's Occupational Safety and Health 
Administration (OSHA) , is 200 ppm. 

Methanol is a defatting agent. As such, exposed skin may 
become cracked and dry . Absorption may occur through the 
skin. Symptoms are similar to those of inhalation. The fuel 
is especially harmful to the mucous membranes. Methanol is 
a severe eye irritant, and continued exposure may cause eye 
lesions. In cases of dermal contact through the clothing, con
taminated clothing should be removed immediately and the 
skin should be washed with soap and flushed with water for 
15 min. Methanol is readily absorbed into the skin at a rate 
of about 0.2 mg/cm2/min . Immersion of one's hand in meth
anol for 4 hr would permit sufficient absorption to cause death 
(P. Machiele, paper presented to American Institute of Chem
ical Engineers, 1989). 

Clinical research to date has provided little information on 
methanol toxicity resulting from chronic, low-level outdoor 
exposure or exposure in well-ventilated areas (13). There are 
some standards set for chronic exposure. The American Council 
of Governmental Industrial Hygienists (ACGIH) in 1985 and 



Maggio et al. 

the National Institute for Occupational Safety and Health 
(NIOSH) in 1976 established ambient air concentration thresh
old values for methanol vapor. The ACGIH threshold limit 
value (TLV) is 260 mg/m3 time-weighted average (TWA) over 
8 hr. Its 15-min TLV is 310 mg/m3 • NIOSH recommends a 
TWA standard of 260 mg/m3 and a 15-min ceiling of 800 ppm. 

The research on acute exposure to methanol is more com
plete. Toxicity from larger doses of methanol taken over a 
short time follows a well-known pattern. Symptoms include 
nausea, headaches, blurred vision, and an initial mild depres
sion of the central nervous system. An asymptomatic period 
of several hours to several days usually follows. The latent 
period then gives way to physical symptoms, including met
abolic acidosis and visual impairment or blindness. In severe 
cases, coma and death may follow (15). 

Methanol is toxic if ingested or accidentally swallowed. 
Small amounts can intoxicate and cause blindness. The usual 
fatal dose is 3 to 4 teaspoonfuls. Methanol poisoning is treat
able with prompt medical attention. 

Long-term low-level exposure to methanol is not consid
ered to pose chronic health problems. Methanol occurs nat
urally in the body at a level of about 0.5 mg/kg of body weight. 
It is also present in a daily diet of fruits, vegetables, alco
holic beverages, and aspartame, the diet soft drink sweetener 
(P. Machiele, paper presented to American Institute of Chem
ical Engineers, 1989). 

Shop areas and refueling stations must have eye wash fa
cilities and safety showers (14) . It may be necessary to have 
a rest room or dressing room for workers handling methanol 
to ensure that contaminated clothing does not go home with 
the crew. Costs for installation of an eye wash and emergency 
shower (excluding drain facilities) have been estimated at 
$1,500 (16). 

Spilled or leaking methanol may not be flushed to the public 
water treatment facility because of the potential for fire and 
explosion in the sewer lines and its structurally corrosive na
ture [40 CFR 403.5(b)]. Specially designed dedicated floor 
drains are advised for methanol shop and refueling areas. 
Traditional oil separators cannot be used, because methanol 
is miscible with water. Even mixtures of one part methanol 
to five parts water are flammable (12). 

A by-product of methanol combustion is formaldehyde, 
which can cause a burning sensation in the eyes, nose, and 
throat. The highest concentrations of formaldehyde in meth
anol exhaust have been found during the first 8 min after 
start-up of a vehicle. This occurs because the catalyst is neither 
warmed up nor fully effective. It is, therefore, essential to 
cold-start methanol engines outdoors or in mechanically well
ventilated areas (13). There are currently no EPA standards 
for formaldehyde exposure (17). 

Although methanol presents severe health hazards, when 
handled appropriately, it does not represent a significant safety 
threat. In 4 years of experience with methanol-powered buses 
purchased through UMTA's Methanol Bus Demonstration 
Program, no incidents have been reported in which transit 
workers were harmed (18). 

Availability 

Methanol has about 57 ,000 Btu/gal, or 43 percent of the en
ergy content of diesel fuel. In January 1990 wholesale meth-
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anol fuel at Gulf Coast markets in the United States sold at 
between 36 and 38 cents per gallon (19). The price has de
creased since 1988, when the cost ranged from 55 to 60 cents 
per gallon. Research indicates that at 55 cents per gallon, the 
methanol-equivalent of the energy in a gallon of diesel fuel 
would cost $1.22 (20). 

Currently the annual world supply of methanol is roughly 
7 billion gal (A. Kradel, unpublished data, 1990). The feed
stock used to produce methanol is natural gas. Although the 
conversion process results in an energy-dense liquid , the proc
ess is only about 60 percent efficient ( 40 percent of the energy 
is lost during the conversion). Methanol can be produced from 
coal gasification and biomass, but their conversion to meth
anol is approximately twice as costly as the conversion of 
natural gas. 

The manufacture of methanol could be increased, but there 
is no incentive to measurably expand supplies. Because meth
anol has less than half the energy density of conventional 
fuels, twice as many gallons of methanol would have to be 
produced as the amount of petroleum replaced. 

Distribution and delivery systems for methanol present two 
challenges: methanol is corrosive and requires special storage 
and delivery equipment, such as dedicated tank trucks; and 
its toxicity requires special precautions and training for users 
and for those who service methanol vehicles. 

CNG 

Handling Properties and Hazards 

Natural gas has been used as a vehicle fuel in the United 
States since the late 1960s. According to the Natural Gas 
Vehicle Coalition, there are currently between 250 and 300 
CNG refueling sites across the nation, with about two dozen 
open to the public. Most refueling stations are open only to 
utility companies or private fleets. 

Because of residential and industrial use of natural gas , it 
has its own distribution systems and supply network. The 
supply and distribution system of natural gas is superior to 
that of the other leading alternative fuels . Mechanics and 
operators are accustomed to its physical properties and risks. 
The most significant drawbacks of natural gas are (a) its low 
boiling point and (b) the requirement that to generate enough 
energy per volume of storage, it must be highly compressed 
(2,000 to 3,500 psi) . Compression requires a great deal of gas, 
powerful, high-voltage compressors, and bulky vehicle tanks . 

CNG ignites at temperatures between 1,200°F and 1,300°F, 
about twice as high as gasoline, so it is more difficult to ignite 
than gasoline. The higher heat at ignition presents problems 
in dissipating heat from CNG-powered heavy-duty engines. 
Natural gas will ignite only in a limited gas-to-oxygen mixture 
range of 5 to 15 percent (21). Because there is a moderate 
explosion risk with CNG, care should be taken to isolate and 
eliminate potential ignition sources. Natural gas is lighter than 
air, and any leaks disperse upward . This makes proper ceiling 
ventilation essential in vehicle maintenance shops. 

According to National Fire Protection Association stan
dards, gas compressors, dispensing equipment, and storage 
containers may be located inside or outside buildings. Most 
refueling activities are performed outdoors to prevent fire or 
explosion. It is unclear whether insurance underwriters, fire 
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officials, and building code departments will allow indoor 
fueling of CNG equipment. A building separate from other 
activities (e .g. , maintenance) should be used for indoor re
fueling facilities. In addition, specially constructed blowout 
wall panels are recommended for relief in the event of an 
explosion. Fire protection systems must be installed with den
sities and flow rates adequate for high-hazard uses (internal 
memorandum, New Jersey Transit Bus Operations, April 20, 
1989). 

The CNG facility must have an independent mechanical 
ventilation system, gas detection system, and explosion vent
ing system. For fast-fill, high-horsepower compressors, the 
noise level is significant. Soundproofing, as well as high
voltage electrical service, are, therefore, necessary. In some 
locations, significant improvements by utility companies may 
be necessary to increase underground gas pipeline capacity 
(22). 

Availability 

The retail price for natural gas varies by location, from about 
41 cents to 70 cents per therm. One therm is equal to 100,000 
Btu, or roughly three-fourths the energy content of 1 gal of 
diesel fuel (13). 

Natural gas is in plentiful supply, and most urban areas 
already have a distribution network. The primary drawback 
is that it occupies 1,000 times the volume of its energy equiv
alent in gasoline, thus creating the need for compressing nat
ural gas in heavy tanks. On the average, the tanks plus the 
fuel in a CNG-fueled vehicle account for 36 percent of vehicle 
weight, compared with 11 percent for the average gasoline
fueled vehicle (23). 

It is estimated that there are 30,000 to 40,000 CNG vehicles 
on the road today in the United States and some 700,000 
worldwide (24). Most CNG vehicles in the United States are 
members of fleets. This is partially because of the expensive 
compressors, CNG storage tanks, and high-capacity gas sup
ply lines required with fast-fill systems and the lengthy re
fueling with less expensive slow-fill systems. Fast-fill systems 
can refill roughly as quickly as for a refill of diesel fuel. Slow
fill systems are usually designed to refill vehicles when they 
are not being used (e.g., overnight). 

Ethanol 

Handling Properties and Hazards 

Much like the other fuels, ethanol presents a fire hazard if 
handled improperly . The explosion hazard of ethanol when 
exposed to flames is rated moderate. Although ethanol is less 
volatile than gasoline, it is considered to be more explosive. 
Like methanol, vapors that form above a pool of ethanol are 
potentially explosive. Therefore, it must be stored in specially 
vented containers (6). 

Repeated overexposure to ethanol will cause redness and 
irritation of the skin. Ethanol is not considered to be hazard
ous to the skin, but it is considered an eye hazard . Inhalation 
of small amounts of ethanol vapors is not considered to be 
toxic. 
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Excessive ingestion of ethanol is dangerous and requires 
gastric lavage, followed by saline catharsis and medical care. 
As an intoxicating beverage , ethanol presents a special su
pervisory challenge. Supplies of ethanol must be carefully 
monitored, and great care should be taken to determine that 
employees are not intoxicated on the job. 

Small amounts of ethanol spills or leaks may be flushed 
with water. Large amounts should be contained and collected 
for incineration. 

Availability 

Grain-producing states from Indiana to western Nebraska have 
ample supplies of ethanol fuel. The supply and distribution 
channels in the New England, Southern, and Far West states 
are considered moderate. 

Ethanol is produced from the distillation of grain products. 
The most commonly used grains are wheat, corn, and milo 
(grain sorghum). Alcohol is not manufactured or distilled 
directly from grain. Rather, there are at least two important 
extractive products that are manufactured before the distil
lation of alcohol. 

First, the grain is milled and the protein is extracted. In 
the case of wheat, this produces vital wheat gluten, a high
protein food additive. This product is then sold, and the wheat 
starch remains. The starch is processed, the premium wheat 
starch is sold for human consumption, and other starch is sold 
for industrial purposes. The processing "leftovers" are then 
sent to a distillery, where alcohol is produced. 

Once the alcohol is produced, it is refined . The purest grade 
is known as grain neutral spirits. This is the product used in 
the beverage industry and for chemical ethyl alcohol. The 
fuel-ethanol grade is just slightly lower in purity. 

Companies selling both beverage-grade premium ethanol 
and fuel ethanol may use the fuel-ethanol market as an 
inventory-clearing tool. In this way, ethanol inventories can 
be controlled without dumping large quantities onto the higher
priced beverage alcohol markets , thereby risking a supply
sensitive price decline (interview with H. Hinton, May 7, 
1990). 

Ethanol has only about 76,000 Btu/gal , or 58 percent of the 
Btu energy per gallon of diesel fuel. In May 1990 fuel ethanol 
(200 proof) prices to retailers were $1.24 to $1.25 per gallon, 
FOB terminal , in the Omaha area. Wholesalers paid $1.13 to 
$1.14 per gallon, FOB terminal, for ethanol directly from an 
Atchison, Kansas, plant (price quotes from Midwest Grain 
Products). 

The price of ethanol varies significantly on the basis of 
geographical region and subsidy levels. The wholesale price 
of 200-proof ethanol in January 1990 was between $1.10 and 
$1.36 per gallon (25). Ethanol has sold for as much as $3 per 
gallon (13). 

Almost 1 billion gal of ethanol is currently used as motor 
fuel and in reformulated fuel (gasohol). Ethanol has slightly 
more than half the energy density of conventional fuels (i.e., 
gasoline and diesel fuel). Thus, to replace conventional fuels 
would require slightly less than twice the volume of ethanol. 
Producing substantially more ethanol will tremendously tax 
the agricultural sector. For example, it is estimated that to 
double United States ethanol fuel production (to roughly 1.82 
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billion gal) would require an additional 715 million bushels 
of corn annually (26). In 1985 the entire corn crop of Iowa, 
which produces more corn than any other state, was only 1,707 
million bushels (27). Ethanol production cannot be directly 
related to corn production, because ethanol is only one of the 
products from grain processing, and additional grain by-prod
ucts would be used to produce other goods. This indicates 
that the use of ethanol as a motor fuel for any significant share 
of the demand for transportation energy would overwhelm 
the agricultural sector. 

LPG 

Handling Properties and Hazards 

Heavy fuel tanks are required to contain this moderately com
pressed gas. LPG fuel systems are pressurized to about 250 
psi, often 175 psi. Many fuel tanks, however, are built with 
114-in. steel, to a 1,000-psi specification. This makes them much 
more capable of withstanding a collision than typical gasoline 
or diesel tanks. 

There is also a combustion hazard with the use of LPG, 
which can be minimized by eliminating ignition sources and 
performing refueling and maintenance activities outdoors where 
possible. Direct heat applied to storage or vehicle fuel tanks 
is dangerous, because temperature changes may cause pres
sure changes inside the tanks, with a potential for explosion. 

Many organizations that handle propane use portable ex
plosion meters that detect unacceptable levels of ambient pro
pane. Many fire departments have not invested in explosion 
meters. It is recommended that fleet operators making ex
tensive use of propane fuel purchase their own meters. 

In gaseous form, propane is heavier than air, so it tends to 
settle in trenches or maintenance pits, exacerbating the ex
plosion hazard there. 

For safety reasons, most propane tanks are designed to be 
filled to about 85 percent of capacity. As long as the sealed 
pumping system operates without leaks, the risk of explosion 
is low. 

Propane boils at -44°F. There is a burn risk when opening 
valves to bleed off excess propane remaining in the line after 
refueling or fuel transfer. The amount remaining in the line 
is typically about 1 tablespoon. Heavy insulated neoprene 
gloves should be required for persons engaged in fuel transfer 
activities. 

Small amounts of propane leaking into the air disperse. It 
is recommended that all maintenance areas be well ventilated. 
Propane is not known to be toxic. 

Technical regulations and recommendations for the safe use 
of LPG have been well developed over time. A discussion of 
standards for containers, installations, valves, cylinders, va
porizers, piping, and other items may be found elsewhere 
(28). 

Availability 

The principal vehicle fuel application of LPG is propane gas. 
Propane sells for 30 to 40 cents per gallon at the wholesale 
level and 40 to 50 cents per gallon retail. Many prices are 
quoted at Conway, Texas. For terminal delivery, another 4 
cents per gallon should be added for pipeline and truck trans-
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port cost (interview with Campbell Oil Co., 1990). The typical 
91 ,000-Btu/gal propane offers between 71 and 83 percent of 
the energy content of diesel fuel. 

LPG is a by-product of petroleum refining. Although LPG 
has desirable properties for reducing vehicle emissions, its use 
does not reduce the dependence of transportation on petroleum
based fuels. 

There are approximately 330,000 LPG-fueled vehicles in 
the United States and more than 2.5 million worldwide (29). 
The LPG transportation fuel market in the United States 
could grow to 2.85 million to 3.6 million vehicles by 2004 (29). 
Because it is a by-product of petroleum production, increases 
in production of LPG are governed by the refining of other 
petroleum products. LPG can be easily transferred to vehicles 
at rates rivaling the refueling of conventionally fueled vehi
cles, at 12 to 15 gal/min. 

Workplace Training Programs 

Effective training programs are essential to the success of an 
alternative-fuel program. Training should encompass all as
pects of any alternative fuel in use, including a general de
scription of the fuel, examples of its uses both in engine ap
plications and elsewhere, and its toxicity and hazards. Relating 
case studies on toxic ingestion, skin absorption, fire hazards, 
and explosion risks may be helpful. 

Training in hazardous materials or wastes should be con
ducted pursuant to the 1983 OSHA Hazard Communication 
Rule, also known as the "Right To Know" law, as amended 
(29 CFR 1926.59). Many states have similar rules. The law 
requires the development and maintenance of a written haz
ard communication program in workplaces. Steps to be taken 
include developing a list of hazardous substances, placing proper 
labels on containers, keeping Material Safety Data Sheets for 
employee use, and establishing training programs for protec
tive measures. Specific protective eye wear, head gear, and 
respiratory protection devices are outlined (29 CPR 1926.100 
through 1926.103) . 

Alternative-fuel pumping devices take longer to fill the ve
hicle's tank than gasoline or diesel fuel. For gaseous fuels, 
fast-fill equipment may reduce fueling time. Refueling takes 
longer for methanol and ethanol because they have less energy 
content per unit volume than diesel fuel. With additional 
safety and fuel security devices in operation at the time of 
fueling, crews should expect a different pace of work. 

Some transit authorities, such as the New York City Transit 
Authority, issue certificates of fitness to employees trained 
in and authorized to handle alternative fuels. Certificates are 
earned through successful completion of a practical training 
program. This ensures an emphasis on learning and safety 
awareness on the job. 

Other specialized training that should be considered for 
maintenance, refueling attendants, and drivers includes fire
fighting techniques, use of protective clothing and equipment, 
and fuel inventory practices. 

CONCLUSIONS 

Each of the leading alternative fuels has significant impedi
ments to widespread implementation . Because of supply, han-
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dling, and distribution problems and costs, alternative fuels 
are likely to be integrated in and have their greatest impact 
on transit fleets and other self-fueling fleets . Many of the 
anticipated drawbacks, especially health hazards, have not 
been a significant impediment to use by fleet operators. Ex
periments to date , however, are probably not indicative of 
ordinary use. They suggest that, given the correct precautions 
and worker training, it is possible to overcome the challenges 
to fleet integration and work safely with different and haz
ardous fuels such as methanol in the transit industry. 
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Development of Private Services at 
Park-and-Ride Lots in Central 
Puget Sound 

G. SCOTT RUTHERFORD, LAWRENCE D. FRANK, AND ANDREA F. TULL 

The provision of a varioty of private service , uch as co,nvenience 
market , dry cleaners, video ·tores, and day care, at existing a11d 
proposed park-and-ride Jot. was investigated . IJlStiLutional and 
legal is ue were tudied and found not to pose in urmountable 
problems. However, they make development of new site m r 
attractive than development atexi. ting park-and-ride lots . A process 
was created to asse · die pot ntial for development at nearly 100 
sites in the Seattle area. An increasingly detailed evaluation pro
cess resulted in the selection of five case study sites-two pro
posed site.~ and three exi ting park-and-ride lots. A discussion of 
market and site requireme nt for retail development is included. 
It was concluded that private development or park-and-ride lot · 
can help enhance patron11ge 11nd rider sa tisfaction , provide lot 
security , and generate revenue for tra nsit purpose . 

The transit industry must compete with a form of transpor
tation that provides wide-ranging mobility. U.S. society, with 
its many two-income households, demands timeliness and 
convenience to squeeze an increasing number of activities into 
a day. Combining secondary trips with the morning and eve
ning commute is necessary to drop off and pick up children, 
shop, and run other errands. These secondary trips occur at 
the worst possible time for traffic conditions, and ways to 
mitigate them are needed. 

Transit is not currently a competitive service for most sec
ondary trips unless they are made with an automobile as part 
of a park-and-ride trip. For low-density suburban develop
ment, collection of transit patrons at park-and-ride lots has 
become an economic necessity. To reduce secondary trips, 
provide on-site convenience, and enhance security, many 
services could be jointly developed with park-and-ride lots to 
serve the lot patrons and general public alike. The services 
might include convenience stores, gas stations, video renters, 
carryout restaurants, cleaners, and day-care centers. Figure 
1 shows a concept plan of a typical development. 

To investigate the feasibility of retail and other services 
located at park-and-ride lots , a study was undertaken by the 
Washington State Transportation Center and the Municipality 
of Metropolitan Seattle (Metro). The study was funded by 
UMTA, the Washington State Department of Transportation 
(WSDOT), and Metro (1) . The study was divided into seg
ments as shown in Figure 2. The structure and significance of 
each phase are discussed below. 

G. S. Rutherford and L. D. Frank, Department of Civil Engineering, 
University of Washington , Seattle, Wash. A. F. Tull , Municipality 
of Metropolitan Seattle, Seattle , Wash . 

LITERATURE REVIEW AND INSTITUTIONAL 
AND LEGAL ANALYSIS 

Literature Review 

The initial phase of the study involved an analysis of several 
associated bodies of knowledge . For the purposes of this study, 
they were divided as follows: 

• Park-and-ride lots; 
•Joint development; 
• Transit patron distribution and collection; 
• Land use opportunities and constraints; 
• Site planning, circulation, and design; and 
•Barriers to private activities. 

The focus was on past joint development experiences and 
park-and-ride lot development. Also reviewed were transit 
infrastructure financing techniques, private-sector perspec
tives on joint development, surface transportation connec
tions, land use factors, site planning and design, and barriers 
to private activities. The general findings from the literature 
search included the following : 

• Little experience in the joint development of park-and
ride lots exists in the United States. 

• Several obstacles minimize the attractiveness of joint de
velopment for both the private and the public sectors. For 
the private sector, the time frame for return on investment 
is much shorter than for the public sector. The public sector 
is primarily discouraged by the risks associated with market 
failure of the private services and lack of knowledge about 
commercial operations. 

• The location of services at facilities surrounded by office 
developments may result in a mixed-use effect, reducing mid
day trips. However, few park-and-ride lots are located near 
office complexes. 

Concurrent with the literature review, the institutional and 
legal issues involved in joint development of park-and-ride 
lots were investigated. 

Institutional and Legal Analysis 

Private development at park-and-ride lots can present difficult 
institutional issues because several agencies may participate 
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FIGURE I Typical park-and-ride retail development. 
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in funding various aspects of the lot. It was found that po
tential restrictions on private development may arise from 
statutory authority; common law prohibitions; federal or state 
funding source statutes, regulations, and guidelines; and in
dividual park-and-ride contracts with funding agencies. 

Transit agencies will find joint development difficult with
out title to park-and-ride land. Each affected funding orga
nization has its own restrictions and rules regarding the sec
ondary use of land it has funded for park-and-ride development, 
but each appears to allow private development as long as its 
policies are followed. 

Ownership 

If a transit agency holds the title to a park-and-ride lot, it has 
a great deal of latitude concerning joint development on the 
property because it is subject only to its own statutory re
quirements and common law constraints. Transit agencies in 
the Seattle area are allowed to lease their park-and-ride prop
erty for private commercial uses. However, the use must be 
consistent with the public transportation purposes for which 
the property was acquired, and the property must be surplus 
and must not be needed for public transit purposes during 
the life of the joint development project. 

Transit agencies usually do not own park-and-ride property. 
Most park-and-ride lots in the central Puget Sound area have 
been funded with federal or state funds or a combination of 
the two. This situation is true for most park-and-ride lots at 
transit agencies across the country, and it makes joint devel
opment more difficult. 

Transit agencies may regulate certain activities at park-and
ride lots, and the prohibition of these activities may inhibit 
development. Examples of prohibited uses include food and 
beverage services, vehicle maintenance, and recycling. 

UMTA Funding 

The key to a successful joint development project from UMT A's 
perspective is that the secondary use be beneficial yet "inci
dental" to the facility's transportation function. For UMTA 
to consider the use incidental, it must be compatible with the 
approved purposes of the park-and-ride and not interfere with 
the intended function of the facility. UMTA encourages in
cidental uses of real property that can raise additional reve
nues for the transit system or, at a reasonable marginal cost, 
enhance system ridership . According to UMT A officials, im
portant factors in the approval of a private-sector develop
ment project as an incidental use include the following: (a) 
how long the private development will occupy park-and-ride 
property; (b) the space occupied by the private development 
project relative to the space available to park-and-ride park
ing; (c) the nature of any interference with the primary transit 
benefits of the park-and-ride lot; and (d) the transit benefits 
of the private development project, either in additional rev
enues for the transit system or enhanced ridership. 

Representatives from UMT A stressed that joint develop
ment proposals are reviewed on a case-by-case basis and that 
no clear line can be drawn between proposals that are ap
proved and those that are rejected. Therefore, transit agencies 
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need to give special attention to the incidental use require
ment and clearly describe the benefits to transit users . UMTA 
regulations preclude the use of Section 3 (Capital Grant) funds 
for construction of commercial revenue-producing facilities, 
whether publicly or privately owned. 

If a proposal for a joint development project is not ap
proved, the transit agency has several options. The proposal 
may be revised, if possible, to meet UMTA objections and 
then resubmitted. If the transit agency wants to pursue the 
project as planned, it can determine that the property under 
consideration is surplus. The property must be sold at fair 
market value, and UMTA must be reimbursed for the per
centage of the property that it owns. This alternative allows 
the project to proceed, but it eliminates any monetary benefit 
to the transit agency. However, it provides some benefit to 
transit users because of the retail services to be provided at 
the park-and-ride, and it increases the attractiveness of the 
park-and-ride. 

FHW A Funding 

If funds from FHWA were used to purchase park-and-ride 
property, its policies concerning the use of the property and 
associated revenue must be followed. FHWA dispenses its 
funds through the state departments of transportation for 
highway projects. Transit agencies must first apply for ap
proval of a joint development project through their state de
partment of transportation, which will forward the proposal 
to FHW A. FHWA considers park-and-ride lots to be highway 
projects, and the lots are covered by the same policies. 

FHW A must approve a transit agency's proposal for joint 
development before any property rights are conveyed to the 
developer. If a joint development proposal is approved, the 
transit agency must charge at least fair market value for the 
sale, use, or lease of the property, with an exception granted 
for social, environmental, or economic mitigation purposes. 
The exception allows the transit agency to provide leased 
space at the park-and-ride at the best rate it can obtain if fair 
market value cannot be achieved. The exception may also 
include socially beneficial uses, such as a day-care center, at 
a rate below fair market value. 

The federal share of net income (gross income minus op
erating expenses) is based on the participation ratio each state 
uses in claiming reimbursement for acquisition if federal funds 
were used to help construct the park-and-ride project. These 
funds must be used as a direct credit to other projects eligi
ble for federal highway grants, such as additional park-and
ride spaces, and cannot be used to cover operating expenses. 
Each state department of transportation must approve this 
process and the project to receive the revenue from the joint 
development. 

FHWA has no written criteria for evaluating private de
velopment projects at FHWA-funded park-and-ride lots. In 
practice, though, the criteria appear to be similar to those of 
UMTA. 

As with UMTA, if the proposed project is not approved 
by FHWA, the transit agency may resubmit the proposal with 
the requested modifications or declare the property to be 
surplus. If the property is declared to be surplus, the transit 
agency must compensate FHWA for its share. The transit 



104 

agency must reimburse Fl-IWA up front, as in the cas of 
UMTA. Once it ha reimbursed FHWA, the transit agency 
is limited only by its statutory powers and by any common 
law prohibitions against proprietary activities by governmen
tal agencies. 

State Ownership 

If funds from a state department of transportation have been 
used for a park-and-ride, approval for a joint development 
project must be obtained from the state department of trans
portation. W DOT grnnts approva ls for joint development 
projects on a ca e-by-case ba i . . Among the requirements for 
approval are that the sa le or lea e be based on the fair market 
value of the property, that no net loss of parking spaces occur 
at the park-and-ride lot, and that the commercial development 
not interfere with transit purposes . 

WSDOT has the authority to lease or sell unnecessary high
way land or air space, including park-and-ride lot property, 
provid •d that the property is no longer required for highway 
purposes and that it i in the public interest to do so. WSDOT 
may look favorably on property exchanges between the tale 
and private entities involvi ng par.k-and-ride lots if the public 
benefits, especially in additional park-and-ride space. WSDOT 
will only approve the sale of park-and-ride properties to pri
vate entities when it is clear that the properties will no longer 
be needed for transportation purposes. 

PROCEDURES: ANALYSIS OF PARK-AND-RIDE 
LOT DEVELOPMENT POTENTIAL 

Site Inventory 

A preliminary assessment of development potential began 
with a complete list of park-and-ride lots in the Seattle area. 
The list was reviewed to eliminate sites that would be inap
propriate for joint development. As a result, leased lots and 
lots under 50 stalls were eliminated from further considera
tion. The locations of regional lots are shown in Figure 3. 

The same characteristics th<it m<lke a site attractive as a 
park-and-ride lot, such as good location, visibility, size, and 
access, also make the site attractive for private commercial 
development. Table 1 gives some of the locational criteria for 
park-and-ride lots and retail space. There is a significant de
gree of overlap in the criteria for the two uses. However, 
whereas a site may be attractive for development, the transit 
function remains the paramount purpose of the park-and-ride 
system. Ways were analyzed to supplement the supply of park
and-ride spaces through a variety of joint development meth
ods, such as potential land trades, shared parking with ad
jacent businesses, on-site retail development, and commercial 
development at sites adjacent to the facilities. If a park-and
ride lot was at or near capacity, spaces could not be eliminated 
to allow for joint development, even though the lot may have 
been otherwise ideal. In such a case, air rights development 
(if feasible) or land trades for larger, more suitable nearby 
sites were considered. 
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FIGURE 3 Location of park-and-ride 
lots. 

TABLE 1 CRITERIA FOR THE LOCATION OF 
PARK-AND-RIDE LOTS AND RETAIL 
SERVICE DEVELOPMENT 

Park-and-
Ride 

Distance to Downtown . 
Access to Freeway . 
Local Demographics . 
Freeway Congestion . 
HOV Lanes . 
Arterial Volume . 
Other P&R Lots . 
OthClr Retail Space 
Visibility from Freeway and Arterial 
Land Use and Zoning . 
Catchment Area for Arterial Traffic . 
Institutional Issues . 
Development Interest . 

Evaluation Process 

Re tall 
Soace 

. . 

. 

. . . . . . 

On the basis of the data gathered on the park-and-ride sites, 
pictures and videotapes, and the research staff's impressions, 
the joint development potential of the lots was asses ed . To 
narrow the list of park-and-ride sites to be considered for 
joint development, the sites were categorized into those with 
high, moderate, and limited potential. 

Sites with high potential met the criteria of adequate space 
for surface or air rights development, good visibility, good 
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access from major arterials or freeways, and desirable loca
tions. In addition, these sites were attractive because of the 
caliber of adjacent development or the character of the sur
rounding area. 

Sites with moderate potential offered a mix of the char
acteristics of the high-potential sites but not to the same de
gree. Moderate-potential sites presented more challenges to 
joint development than did the high-potential sites. 

Sites with limited potential were either fully utilized with 
no possibility of expansion or lacked many of the character
istics necessary for consideration of joint development. How
ever, some of the low-potential sites were possible locations 
for mobile services such as espresso stands or pick up-drop 
off dry cleaning service. 

The initial evaluation placed 50 lots in the categories of 
high, moderate, or limited potential for joint development. 
The other 40 sites were mostly leased space, which greatly 
reduced or eliminated their potential. The initial information 
was used for a more detailed analysis of these sites' market 
potential for joint development. 

Retail Market Feasibility 

The assessment of the high-potential candidates was based on 
an analysis of retail market feasibility from a developer's per
spective. The following methodology was developed and used 
as a guideline for assessing the potential development sites. 
The primary question was whether a retail developer could 
be attracted to a high-potential location. From a developer's 
perspective, the key factor encouraging development is the 
ability to profitably attract tenants . To attract them, both 
developer and tenant must believe that sufficient surrounding 
trade area demand exists to support the risk of achieving 
profitability. Retail market analysis gauges trade area demand 
and thus profitability. 

Typically, retail market analysis methodology encompasses 
the following steps (2). 

1. Evaluate the site as a retail location. Frontage on a major 
arterial is of primary importance. 

2. Establish an effective trade area. Transit patrons will not 
provide the primary demand; therefore, relationship to avail
able retail outlets is important. 

3. Analyze trade area population and buying power. Age 
and income of the population in the trade area determine 
buying power. 

4. Determine retail customer expenditure potentials within 
the trade area. Projections of expenditures by type of good 
or service help assess the market for particular stores. 

5. Assess trade area retail competition. The ability of the 
market to sustain more retail must be determined. 

6. Forecast market penetration and retail sales volume at 
the subject site. With the preceding information, plus infor
mation about future development, the market share for a 
given retail outlet is forecast. 

7. Determine the mix and square feet of retail space market 
supportable at the subject site. This is used in discussions with 
possible tenants. 
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Each of these seven steps was used to develop a short list of 
existing and proposed park-and-ride lots that would be good 
development candidates. 

Retail Compatibility- Physical Design Criteria 

Other site-specific information was used in the analysis, in
cluding available space, land use and political constraints, 
institutional constraints, and circulation. 

Available Space Most existing park-and-ride sites were de
signed to maximize the capacity of the site. For this reason, 
they often contained little or no undeveloped land (at grade) 
suitable for retail space. Exceptions to this constraint included 
air space development where economically and institutionally 
feasible, topographic opportunities such as slopes, and sites 
in the planning phases of development. 

Land Use and Political Constraints Some sites were lo
cated in areas that had incompatible adjacent land uses for 
certain joint development purposes. An example of this con
straint is the location of a park-and-ride facility in an area of 
single-family housing. Inhabitants of such an area may oppose 
certain retail uses at the park-and-ride facility and may be 
organized well enough to block development. Environmental 
sensitivity and issues of zoning conformance were also ana
lyzed at the high-potential sites . 

Institutional Constraints Several institutional constraints 
governed the use of park-and-ride lots owned or funded by 
UMTA, FHWA, and, in this case study, WSDOT. The reg
ulation that most restricted the development of a nontransit 
public benefit use was that against reducing the number of 
parking spaces. 

Circulation Access to the site from a variety of modes was 
analyzed. Turning movements onto sites, levels of service of 
adjacent intersections, and congestion levels of roads around 
the sites were analyzed . Pedestrian and other nonvehicular 
linkages to the site were viewed favorably. 

THE FIVE CASE STUDY SITES 

The selection of the following five sites for a more detailed 
analysis of joint development potential was based on the fore
going criteria. The retail market potential, in conjunction with 
the physical constraints of each potential site, was analyzed. 
The three existing sites selected were Woodinville, South 
Bellevue, and Eastgate. The two proposed sites selected were 
the northwest quadrant of 164th Street and 1-5 in Snohomish 
County and the southwest quadrant of 54th Avenue and 20th 
Street in Fife, Pierce County (see Figure 4). 
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FIGURE 4 Location of five target sites. 

Woodinville-Woodinville-Duvall Road-140th N.E. 

This location was chosen because space was available for de
velopment without taking parking spaces away from the lot. 
Adjacent land uses were also supportive of joint development. 

South Bellevue-Bellevue Way-112th S.E. 

Reasons for selection included easy access to the rapidly de
veloping 1-90 corridor, adjacent land use (Mercer Slough Park), 
conduciveness to day care, and minimal vehicle-pedestrian 
conflicts. 

Eastgate-S.W. Eastgate Way-136th S.E. 

The proximity and ease of access of this site to major retail 
and service concentrations made it an excellent candidate for 
a mobile services vendor. Adjacent land use, which was office 
and commercial, offered market potential for any services 
located on this site. 
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Snohomish County-Northwest Quadrant of 164th 
Street and 1-5 

During the study, this project was in the planning phases. It 
was selected on the basis of visibility from 164th Street, front
age along 164th Street, market potential from the trade area 
to the west, limited convenience competition in the trade area 
(west of 1-5), and the ability to properly plan the site to 
incorporate retail requirements. 

Fife-Southwest Corner of 54th Avenue and 20th 
Street, Paralleling 1-5 

The reasons for selection of this undeveloped site included 
the benefits of planning for joint development in the devel
opment phases, reasonable access to 1-5, projected demand, 
supporting adjacent land uses, visibility of the site, excellent 
frontage, and sufficient space. 

MARKET AND SITE ANALYSIS 

Once the study sites had been selected, their potential to 
support joint development could be determined. 

The analysis of convenience and retail services focused on 
site selection criteria from the perspectives of developers and 
private store operators. The intent was to demonstrate to 
transit decision makers the locational, market, and financial 
criteria that the private sector requires to develop retail outlets 
or offer off-site services from a park-and-ride lot. 

The analysis of each site included a survey of on-site fea
tures, such as topography and slope, and off-site features, 
such as adjacent land uses. In addition, the institutional and 
political constraints of each site were analyzed. The site anal
ysis and land use study was presented in graphic form on a 
scaled plan of the site that included adjacent land uses. By 
conducting the two analyses in tandem, the study team could 
better match services to sites. 

Analysis of Selected Convenience and Retail Services 

The selection of services presented in the analysis was based 
on community input and recommendations made by a real 
estate development consultant. The services included day care, 
convenience stores, automotive service and lube centers, mo
bile services, and concierge services. 

On-Site Day-Care Centers 

The demand for proprietary day care greatly exceeds supply 
nationwide. Social trends underlie this condition. 

Proprietary child care facilities were the focus of this proj
ect. Such facilities are normally designed for infants, toddlers, 
preschoolers, kindergartners, and year-round (before and after 
school and during the summer) elementary school children. 
Services offered include exercise, supervised play, reading, 
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introduction to computers, field trips, evening care, drop-in 
hourly care, and transportation to and from elementary schools. 

Proprietary day-care centers do not necessarily require di
rect frontage on major arterials. Exposure is not as critical as 
it is for most other retail and service businesses. Area parents 
quickly find day-care centers. Thus, day care could be placed 
toward the rear of park-and-ride lots, where land costs are 
less, noise and air pollution are low, and site exposure is 
already high because of the Jot. 

The maximum trade area radius for a proprietary day-care 
site is normally about 3 mi. Nationally, research indicates that 
most parents reside within a 2-mi radius of the day-care center 
they patronize. Preschool children typically are drawn from 
further distances than elementary school children (2). The 
dual purpose accomplished by locating day care at park-and
ride Jots would probably result in increasing the trade area 
size above these national norms. 

Interviews with multistate day-care center developers in
dicate that exploring the concept of locating day-care centers 
on certain Seattle area park-and-ride lots would be of interest . 
The idea fits their current pursuit of new market segments 
requiring day-care services. 

Proprietary day-care developers usually seek a trade area 
with a radius of approximately 3 mi and containing 25,000 to 
30,000 people. However, a 50,000-person trade area popu
lation is preferable. Exceptions to this criterion are often 
made if an area is growing quickly. In certain rapidly growing 
areas, an existing population of only 15,000 within a 3-mi 
radius has been acceptable (2). 

On the basis of interviews with multistate day-care center 
developers, it is estimated that the minimum land requirement 
for a day-care center at a park-and-ride lot is 18,000 ft2. Typ
ically, a 30,000 ft2-site is required once setback, landscaping, 
parking, play area, and building site requirements have been 
met (2). 

Day-care center prototype buildings run about 6,200 to 
6,700 ft2. Typical dimensions are 110 x 61 ft . The buildings 
usually accommodate from 100 to 125 children. Play areas are 
often about 10,000 ft2. Parking requirements usually are one 
stall per employee, or four or five stalls (2). Extensive parking 
facilities are not necessary because parents usually park briefly 
to drop off and pick up their children. 

The typical cost of a proprietary day-care building is about 
$325,000, or approximately $48/ft2. Site costs usually run be
tween $100,000 and $150,000, including site work (2). Day
care center developers at park-and-ride lots could mitigate 
such land costs if they were willing to sign ground leases with 
the transit authority. 

Convenience Stores 

The convenience store concept focuses on satisfying the ma
jority of food and nonfood purchase requirements of con
sumers who desire quick , nearby service any time of day, 
every day of the year. Typically, two-thirds of the customers 
of a convenience store have been patronizing it for more than 
1 year. In descending order of importance, customer reasons 
for shopping at convenience stores are (a) fast service, 
(b) nearness to home or work , (c) availability early and late 
hours, (d) friendliness of staff, (e) gas prices , and (f) other. 
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Gasoline sales, which typically make up about 60 percent 
of total sales, usually accompany merchandise sales at con
venience stores. Offering gasoline is one way to attract cus
tomers into the store. Obviously, the acceptability of gasoline 
sales on park-and-ride sites could be an important issue for 
transit authority decision makers. 

Economic success depends on locating a clean, neat, and 
bright store building on a well-traveled street. Excellent ex
posure and site egress and ingress are critical to economic 
success. A high-traffic corner location offering unobstructed 
turning movements is preferred. Highly visible signage is a 
must. Convenience store sites must be surrounded by a res
idential trade area with sufficient buying power to achieve a 
profitable sales per square foot performance level, roughly 
$250/ft2 annually. The trade area radius for convenience stores 
is typically 2 to 3 mi. However, more than half of total sales 
volume usually comes from residents living within 1 mi of the 
store. Usually 85 percent of customers travel to convenience 
stores by automobile (2). 

Typical lot size requirements for a convenience store range 
from 12,000 to 18,000 ft2 . The accompanying asphalt parking 
area needs to be large enough to accommodate 10 to 13 cars. 
Convenience store buildings are usually about 2,400 ft2 (2). 

Security is a major issue associated with the private devel
opment of park-and-ride sites. The presence of services on 
and adjacent to park-and-ride facilities may well provide a 
strong deterrent to vandalism. The selection of quality private 
services is essential to the achievement of this objective. 

Automotive Lube Centers 

Competition for the automotive lube customer is keen. New 
car dealers are aggressively marketing to the oil change cus
tomer. Dealerships are encouraging lube and oil service when 
customers return their vehicles for warranty and repair work. 
Repeat customer business is cultivated at automotive lube 
centers. Follow-up service reminders are often sent to cus
tomers, and coupon specials are an added incentive to return. 

High traffic counts and a highly visible location are a must 
in this business. Any site that has even moderate real or 
perceived access impediments will be rejected. A reason for 
this site location sensitivity is that many oil changes occur on 
"driver impulse." Lube center services must therefore appear 
quick, convenient, and not out of the way. 

The trade area goal for lube centers is 75,000 motor vehicle 
registrations within a 3-mi radius. Although lube stores open 
in 3-mi-radius trade areas of 50,000 vehicle registrations , the 
competition that rapidly follows means that someone will 
probably not survive (2). In addition , locations on the pe
riphery of the central business district adjacent to high con
centrations of daytime employees are desirable. 

The motor vehicle registrations count is critically important. 
Profitability typically depends on attracting from 30 to 50 lube 
and oil change customers per day to break even. The market 
target is 55 (2). The number of lubes per day required to 
break even mainly depends on land and building costs and 
on variable real estate tax and insurance expenses. 

An automotive lube center absorbs about V2 acre of land. 
The minimum land area requirement is 18,000 ft2, including 
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a stacking and turning area for at least 12 cars. A typical 
automotive lube center building is 5,000 ft2 (50 x 100 ft) (2). 

Mobile Services 

The idea behind this concept is for a vendor to sell coffee, 
juices, soft drinks, pastries, tickets, books, or papers from a 
mobile vehicle th;:it services p;:irk-and-ride users during peak 
morning hours. Market support for this concept at park-and
ride lots is unproven in the Seattle area. The level of services 
could range from a mobile food van that makes a target park
and-ride site one of several stops on its daily route to devel
opment of a coffee and pastry kiosk on particular sites. 

Concierge Services 

The location of concierge services at selected park-and-ride 
sites might satisfy key public and private goals. Transit au
thorities could increase ridership and create public goodwill 
by offering convenient services for commuters at target park
and-ride locations. Private-sector profit potential exists for a 
skillfully managed concierge service at target park-and-ride 
lots. 

A park-and-ride lot concierge service would operate as fol
lows. A menu of services would be offered to commuters at 
an on-site concierge facility. Usually these services could be 
accomplished during the business day, perhaps by the con
cierge during the "off" hours of transit (i.e., 10 a.m. to 3 
p.m.). The services could include dry cleaning and alterations, 
shoe repair, car detailing, automobile servicing, flower and 
balloon sales, entertainment ticket sales, travel services, video, 
film processing, personalized shopping, gift wrapping and 
shipping, company party arrangements, reminder services, 
search and quote services, house and yard cleaning, goods 
returned to retail stores, and courier services. No precedent 
exists for developing the concierge concept at park-and-ride 
lots in the Seattle area . Moreover, little joint development 
experience of similar concepts exists nationwide, except for 
one unsatisfactory experience in Houston. 

The concierge service business is a personal relationship 
business. Operations at a particular location are not likely to 
stabilize until the service has operated for about 3 years. 
Experience indicates that the business builds slowly. Cus
tomers must both become familiar with the services and learn 
to trnst the concierge. operator. Repeat customer patronage 
patterns must be established. 

Interviews with concierge service operators indicate that 
the park-and-ride lot concierge facility could be integrated 
into an enclosed waiting area for riders. The use of a movable 
unit that could be towed to the site was considered less de
sirable. The enclosed waiting area and concierge facility should 
be built and owned by the transit authority, and the concierge 
space should be leased to the private operator. Quality signage 
should be permitted to clearly communicate to riders the con
cierge services available. The concierge service should be high 
profile to attract transit riders to patronize the concierge serv
ice and to facilitate security of the operation and the park
and-ride lot. 

The concierge operator would develop contractual agree
ments with various vendors in the trade area surrounding the 
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park-and-ride site. Payment would be collected for the par
ticular service by the concierge who, in turn, would pay the 
service providers, minus a percentage of the gross sale. The 
concierge operator would be required to carry appropriate 
insurance. An arbitrator for disputes might also be appointed. 

The concierge service concept appears workable. Transit 
ridership should be enhanced because of time-saving services 
offered at park-and-ride lots that would make life easier for 
commuters. The risk of failure could be mitigated because 
the enclosed transit waiting area containing the concierge service 
could easily revert to a rider waiting area. 

Table 2 summarizes the information given in this section 
and provides requirements for other services. 

Site and Market Analysis 

Only two of the project's five case studies will be presented 
here. Though it would be difficult to identify either of these 
as typical, they represent a range of possibilities. The sites 
presented are South Bellevue and 164th and I-5 (see Figure 
4). Site design criteria drew heavily on other sources (3-11). 

South Bellevue 

The site and its characteristics are shown in Figure 5. Im
portant considerations are as follows: the site is partially lo
cated in a designated sensitive area and is surrounded by a 
planned regional park, an interpretive center and farmers' 
market are being proposed south of the site as part of the 

TABLE 2 POTENTIAL SERVICES AT PARK
AND-RIDE LOTS-MINIMUM SPACE NEEDS 

Use 

Day care 

Convenience store/ 
Mini-man 

Genera] auto service 

Auto lube center 

Amo parts center 

Florist Stand 

Dry cleaner/tailor 

Video rental 

Newspaper/magazine 
vendor 

Take-out food 

Coffee/pastty vendor 

Bagel/donu1 shop 

Fax/copy center 

Shoe repair 

Pharmacy 

Film processing 

Package delivery 

Mobile library 

Postal contract station 

Key: s.mihQJ 
FR 
MS 
PR 

Minimum Requirements 

PR-5 stalls. 18,000 sq. ft. lot, 6,200 sq. ft. facility 

PR-10 stalls, 12,000 sq. ft. lot , 2.400 sq. ft. facility, FR 

FR-100', PR, 14,000 sq. ft. lot, 5,100 sq. ft. facility 

FR, PR-12 stalls, 18,000 sq. ft. lot, 5,000 sq. ft. Facility 

4,000 sq.ft. , FR, PR 

200 sq. ft., MS, FR, PR 

400 sq, ft .. FR, PR 

200 sq. re .. MS, FR, PR 

800 sq. ft .. MS, FR, PR 

1,200 sq. ft .. FR,PR 

400 sq. ft .. MS 

600 sq. ft., MS, FR, PR 

1,200 sq. ft., FR, PR 

400 sq. ft., FR, PR 

1,200 sq. ft ,, FR, PR 

200 sq. ft . , MS, FR, PR 

1,200 sq. ft .. FR, PR 

200 sq. ft., MS 

200 sq. fl .. FR, PR 

~ 
frontage requirement 
pmendally a mobile service 
parking needs to be provided 
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FIGURE 5 Site analysis and land use study, South Bellevue 
park-and-ride lot. 

park development planned by the city of Bellevue, utilization 
is more than 100 percent, need for more parking exists on 
the site, and adjacent land use suggests that day care is the 
most suitable development. 

Day care is an excellent option for development adjacent 
to this site. The proposal for day care was based on the fol
lowing factors: 

•Additional parking capacity is needed at the facility. 
• The city of Bellevue owns all of the land surrounding the 

site and intends to build an interpretive center adjacent to 
the southern border of the site . A day-care center could be 
incorporated into park buildings. 

• "High-end," single-family housing has been developed 
across from the site. 

• Market demographics indicate that day care would be 
viable in this location. 

•Day care does not depend on arterial frontage, which is 
not an option at this location. 

• Sufficient space on Bellevue's site exists to support the 
development of day care at this location. 

• The development of a park by the city of Bellevue around 
the site with interpretive nature trails would make this location 
excellent for children. 

The development of day care with the city of Bellevue 
would present several institutional issues and design cha!-

Ienges. They could be addressed by creating a shared-parking 
agreement between the operators of the interpretive center 
and the transit operator (Metro), providing a drop-off area 
for the day-care facility and five parking spaces for day-care 
workers and visiting parents, adhering to all applicable codes 
of the city of Bellevue, providing a 10,000-ft2 play area for 
children and a 7,000-ft2 pad for the day-care facility, main
taining a 50-ft setback from the established sensitive area line 
for all structures, and increasing the attractiveness of the park
and-ride facility by introducing additional professionally de
signed and installed plant materials. 

WSDOT is interested in developing additional capacity at 
this site. An analysis of the as-built grading plans and several 
site visits indicate that approximately 113 additional parking 
spaces can be developed in a previously graded overflow area . 
If the interpretive center were constructed, approximately 50 
additional spaces could be obtained through the development 
of a shared-parking agreement. 

Figure 6 shows the proposed layout of a day-care center, 
farmers' market, and interpretive center. A key implemen
tation issue is the development of additional park-and-ride 
spaces near a sensitive area. This issue may require additional 
mitigation for the existing and proposed parking . 

1-5 and 164th Street (Proposed Park-and-Ride Facility) 

Figure 7 shows the site and characteristics. Considerations for 
this future facility include the severe traffic congestion along 
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164th Street, the creation of sufficient space for a park-and
ride lot at this location by realignment of Ash Way, the de
velopment of channelization and access management for 164th 
Street, the designation of the interchange of 164th Street and 
1-5 as a possible interim terminus for a high-capacity transit 
line that is under study, and the potential for on-site retail at 
this site. 

Convenience retail was selected as the most appropriate use 
at this site on the basis of the market and site analysis findings. 
Among the findings were that sufficient average daily trips 
are made along 164th Street to support retail, there is a lack 
of convenience services to the west of 1-5 along 164th Street, 
the interchange of 164th Street and 1-5 is a high-exposure 
corner, reconfiguration of the intersection of Ash Way and 
164th Street is planned, and the opportunity exists to integrate 
on-site services in the planning phases of the facility. 

The development of a jointly used facility depends on meet
ing the needs of both the transit and the retail functions. The 
design objectives were tailored to provide 

• Sufficient parking for retail patrons, 
• Landscape areas around the retail center to make the 

facility attractive, 
• Pedestrian linkages across the site from north to south 

and from east to west, 
•Covered pedestrian walkways wherever possible, 

JD 

JD 

Day·Care Center 
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• Links to adjacent areas with sidewalks, 
•A pedestrian waiting area near the convenience services, 
• Designated crosswalks in any location where pedestrians 

would cross vehicular traffic, 
• Convenience services that are quick to use, 
• A freeway flier stop along the southbound off-ramp to 

164th Street, 
•A circulation system with minimal left-turn movements, 
• Transit-only lanes to ease access for transit to and from 

1-5 and the site, 
• Shelters in the retail building structure, 
• Additional shelters at the freeway flier stop, and 
• Maximum exposure for retail operations from both 164th 

Street and the park-and-ride facility. 

The development of the site was to be divided into two phases 
to spread capital costs and judge actual demand. 

The development for the proposed facility is shown in Fig
ure 7. The site closely approximates the concept of retail 
integration that provided the impetus for the study. 

CONCLUSION 

Many benefits could be associated with joint development of 
park-and-rides. They include attracting new riders; providing 

Limit of Existing 
1 

' - .... ~arking 
I '- '-

'- .__ .__ 

'-.__ 
Overflow Area --
(113 new 
spaces) 

Shared Access 

51 Stalls Added 

Day-Care --- -' 
Drop-OH/Parking 
Area 

DClCJOoD 

FIGURE 6 Day-care and interpretive center concept, South 
Bellevue park-and-ride lot. 
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FIGURE 7 Park-and-ride development concept with retail: Snohomish 
County, 164th Street and 1-5. 

lot security; increasing rider satisfaction and reducing auto
mobile trips through the provision of retail services; and ob
taining additional park-and-ride spaces through joint use 
agreements, land trades, or with revenue generated by joint 
developments. The possible benefits need to be confirmed 
through implementation of these concepts and evaluation of 
results . There appears to be enough promise to try some 
demonstration sites. 
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Short History of the Transbay Transit 
Terminal and the Relocation of the San 
Francisco Greyhound Depot Thereto 

GREGORY C. McCONNELL AND GEORGE E. GRAY 

The Transbay Transit Terminal (TTT) in downtown San Fran
cisco is the busiest terminal on the West Coast. Constructed in 
1939 as part of the San Francisco-Oakland Bay Bridge railway, 
the TTT was converted for bus use in 1959. Currently, the Bay 
A1ea\ fuu1 11iaju1 µuulic uus sysle111s use Llie slrnctu1e, as well 
as Amtrak (bus) and a number of private transit providers. In 
April 1990 Greyhound Lines moved its San Francisco depot into 
the TTT. The TTT is adjacent to San Francisco's central business 
district and at the physical and financial heart of the Bay Area. 
Many proposals for alternative uses have been made. It was once 
thought that the construction of the Bay Area Rapid Transit 
under the bay would render the TIT obsolete. However, the 
need for the structure and site as a regional transit terminal has 
been affirmed as transportation problems have become of fore
most concern to the people of the region. After years of neglect 
the California Department of Transportation plans to completely 
renovate and refurbish the structure. Coupled with the relocation 
of the Greyhound depot and the planned development of the San 
Francisco CalTrain terminal adjacent to the TTT, this will allow 
the structure to become a truly regional transit terminal. 

The Trans bay Transit Terminal (TTT) in downtown San Fran
cisco is one of the busiest transit facilities in the country. Each 
weekday more than 50,000 commuters use its stairs, escala
tors, or ramps. The facility turned 50 in 1989. 

Conceived as the western terminus for the San Francisco
Oakland Bay Bridge rail service and constructed as part of 
the bridge, the TTT is located in San Francisco's central busi
ness district. It is within walking distance of two Bay Area 
Rapid Transit (BART) subway stations and is near access to 
three major automobile corridors-the bridge, the James Lick 
Freeway (Highway 101), and I-280 (see Figure 1). 

The TTT was converted for bus operations in 1959 and is 
currently used by the following public operators: Golden Gate 
Transit (GGT), Alameda and Contra Costa County Transit 
(AC Transit), San Mateo County Transit District (SamTrans), 
and the San Francisco Municipal Railway (Muni). Amtrak 
provides a bus service from its train station in Oakland. Sev
eral private tour operators also operate from the TTT during 
off-peak commute hours. 

As gridlock, pollution, and an overburdened, inadequate, 
jurisdictionally balkanized, and financially divergent mass transit 
system has increasingly become of concern to the people of 
the San Francisco Bay Area, the TTT may finally receive the 
recognition and attention it deserves. Greyhound Lines has 
recently moved its San Francisco operations into the TTT, 

District 04, Public Transportation Branch, California State Depart
ment of Transportation, P.O. Box 7310, San Francisco, Calif. 94120. 

and an adjacent site has been proposed as one of the final 
alternatives for the downtown depot of the west bay commuter 
rail service, the Peninsula Commute Service (CalTrain). The 
California Department of Transportation (Caltrans) is com
mitted to renovating the structure as a modern, safe, and 
efficient multimodal transportation facility. 

A brief history of the TTT and the relocation of the Grey
hound depot thereto is presented. 

TERMINAL CONSTRUCTION 1937-1939 

In 1929 the state legislature created the California Toll Bridge 
Authority (CTBA) to finance, construct, and operate the San 
Francisco-Oakland Bay Bridge. Financing for the bridge and 
the terminal was primarily provided by the federal Recon
struction Finance Corporation (J). Originally, the state planned 
to run a rail service between San Francisco and Emeryville, 
where it would connect with the Key System and Southern 
Pacific (SP) electric trains. This plan was abandoned when 
the Key System and SP offered to terminate their ferry service 
and run their electric trains over the bridge (2). 

Consequently, in 1935, CTBA negotiated agreements with 
the Key System and the Interurban Electric (the SP subsid
iary) to provide the first rail connection between San Fran
cisco and the East Bay via the San Francisco-Oakland Bay 
Bridge (see Figure 2). The "Bridge Railway" included, among 
other facilities, "the San Francisco Terminal and viaduct and 
all tracks and appurtenances, between the terminal and con
nections with the existing lines in Alameda County" (3). "On 
September 4, 1935, the Authority adopted the Plan 'X' ter
minal located between Reale and Second Streets" ( 4) (Figme 
3). 

Demolition and Design 

The project necessitated the demolition and removal of build
ings on 34 parcels of land, including parcels required for via
duct construction. Total demolition costs were $133,944.36, 
and demolition was completed on August 9, 1937 (Figure 4) 
(6). 

CTBA instructed the architects Timothy Pflueger, Arthur 
Brown, Jr., and J. J. Donovan that the design of the terminal 
"be governed by the controlling principles of convenience to 
the passenger and an architectural treatment that was suitable 
to a public building in a metropolis" (3,7). This led to a 



FIGURE 1 Location map. 

E. OAK LAN 0 

FIGURE 2 Key System (from 1940 Key System schedule, courtesy H. W. Demoro, San Francisco Chronicle). 
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FIGURE 3 Architect's drawing of the terminal (5). 

FIGURE 4 Demolition of 34 city blocks for terminal and viaduct 
construction (3). 

structure with a "system of enclosed ramps and stairs provid
ing the shortest path from any of the adjacent streets to the 
various trains" rather than a conventional railroad terminal 
(3). The ramp, or "hump," was designed to bring Muni's 
streetcars to the front mezzanine level. 

The TTT was designed to have a length of 870 ft. It is 
trifurcated by Fremont and First streets into east, center, and 
west units. The third floor track level extends over the entire 
structure. All units have a basement, first, mezzanine, and 
track floor. The first floor is at street grade. This level in the 
center unit was designed as the waiting room with rest rooms 
and concessions. Store space was provided on the street floors 
of the east and west units. The mezzanine floors were to he 

used as transverse concourses allowing access to all tracks. 
The east and west units are 164 ft wide, and the center unit 
is 197 ft wide. Six tracks were constructed to allow trains a 
5-min loading and unloading period. Fences between the pairs 
of tracks prevented passengers from straying on the tracks 
(Figure 5). 

Whereas the Sacramento Northern (under contract with the 
Key System) and the Key and SP systems were electrically 
operated and used standard-gage tracks, the latter two used 
different technology and voltage systems. This complicated 
the design of the San Francisco-Oakland Bay Bridge and the 
TTT. Rather than convert all to a common system or put 
changeover equipment on the Key cars, an overhead 1,200-



McConnell and Gray 

FIGURE 5 Track level of terminal, 1939 (8). 

V wire was provided for the SP and Sacramento Northern 
Trains, and the Key trains used a 600-V third rail on the bridge 
and the TTT and 600-V overhead wire on city streets (9) . 
East- and westbound trains shared a viaduct between the 
bridge and Clementina Street, where the viaduct separated 
to form a gigantic loop that encompassed the equivalent of 
seven city blocks (Figure 6). 
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Garage space for more than 600 cars was provided in the 
basement, street, and mezzanine floors of the west unit and 
in the basement of the center unit. Cavernous basement stor
age space was used during the 1950s and 1960s as a civil 
defense depository containing emergency food and medical 
supplies. Greyhound Bus Lines was one of the first tenants, 
leasing a travel agency and telegraph office. Other original 

FIGURE 6 Terminal viaduct under construction. Note gravel track ballast and 
overhead trolley wire support frame. Trains proceeded counterclockwise at the gore. 
Source: Caltrans. 
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concessions included a soda fountain and lunch counter, news
stands, flower stands, fruit and candy stands, a drugstore, and 
a bootblack (8). 

Construction 

Approximately 4,000,000 lb of structural steel was used for 
the rigid steel frames supporting the tracks over First and 
Fremont streets, 560,000 lb for the catenary bridges, and 
2,800,000 lb of steel roof framing (10) . Flat-slab concrete com
pleted the shell. The Mission Street facade consists of 4-in. 
granite slabs from the Sierra Nevada. Interior design called 
for plastered ceilings, tile walls, and terrazzo floors in the 
ground floor lobby beneath the streetcar ramp, the waiting 
room, and the mezzanine concourse of the center unit. East 
and west unit concourses, the headhouse floor, and all ramps 
have concrete floor surfaces. During 1937 four major con
tracts were let for terminal construction: p;eneral construction, 
structural steel, mechanical work, and electrical work . The 
total construction cost , including minor contracts , was 
$3 ,053,818.43 (6,10) . 

The contracts for the Bridge Railway were close enough to 
completion to permit the start of operations on Sunday, Jan
uary 15, 1939. The facilities were officially transferred to the 
use of the interurban companies at ceremonies held in front 
of the TTT at noon on January 14. Two Key System seven
unit trains carried the official party of 1,500 persons across 
the bridge from Oakland into the TTT. The ceremonies oc
curred on the streetcar ramp or "hump." The TTT was opened 
for public inspection after the formalities (Figure 7) . 

The TTT was originally named the Bay Bridge Transit Ter
minal , the name affixed to the facade in 1946. It was renamed 
the Transbay Transit Terminal in 1958. 
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TERMINAL RECONSTRUCTION 1958-1959 

Automobile and bus competition, coupled with reduced bridge 
tolls , forced the Interurban Electric and the Sacramento 
Northern to abandon their lines over the bridge just 2 years 
after initiation. In addition, the Key System was purchased 
in 1946 by National City Lines, a front corporation for Gen
eral Motors, Phillips Petroleum, Mack Truck, Firestone Tire, 
and Standard Oil. As it did to other trolley systems across 
the country , National City Lines converted portions of the 
Key System's passenger transportation to motor coaches, often 
paralleling service provided by the transbay electric trains. 
The city of Oakland contributed to the death of the Key 
System in the mid-1950s by converting downtown streets to 
a one-way system, incompatible with the two-way trolley (11). 
Naturally, train patronage suffered, declining from a maxi
mum of 37,334,000 in 1945 to 6,113,000 in 1957. In 1955 the 
Key System petitioned the California Public Utilities Com
mission for permission to abandon its rail service and inau
gurate motor coach service. The commission complied, and 
the last train crossed the bridge on April 20, 1958 (12) . In 
1956 Alameda and Contra Costa counties organized the AC 
Transit District , which was to assume responsibilities for the 
Key System routes . 

In 1957 legislation was passed both approving studies on 
how to convert the lower deck of the San Francisco- Oakland 
Bay Bridge and the TTT, with approaches thereto , for ex
clusive use of vehicular traffic and providing $35,000,000 in 
reconstruction funds over a 4-year period. (Reconstruction 
costs eventually reached $55 million and were repaid with toll 
revenues.) Redevelopment of the system for transbay com
muter traffic consisted of removing the tracks , paving the 
vacated areas, and remodeling the TTT for the accommo
dation of bus service. Included in the remodeling was con-

FIGURE 7 Opening ceremonies, January 14, 1939 (8). 
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struction of a new stairway to the garage area below the street 
level, installation of fluorescent lights in the main waiting 
room and on the mezzanine floor, the opening of various 
previously closed areas for freer movement of pedestrian traffic 
throughout the building, construction of a new ticket office, 
and installation of a new stairway flanked on both sides by 
escalators connecting the lobby to the mezzanine level (13). 

Considerable planning and coordination were required for 
the changeover from trains to buses to alleviate the added 
traffic congestion resulting from the additional buses travers
ing the streets of San Francisco. Nevertheless, reconstruction 
started shortly after the cessation of rail service, and 14 bus 
lines were in operation by July 12, 1958. On February 1, 1960, 
Greyhound Lines began daily operation of 25 buses between 
the TIT and the east bay. The bridge opened for unidirec
tional traffic on October 12, 1963, nearly 5 years after recon
struction on the TIT and the San Francisco approaches began. 

As noted, six tracks ran through the terminal in pairs, sep
arated by columns supporting the roof (Figure 8). The tracks 
were removed, the columns were placed on the offside plat
forms , and the area paved, providing a roadway width of 25 
ft, which allowed room for a moving bus to pass another at 
the curb. Coach stops were spaced two bus lengths apart, 10 
in each roadway, a total of 30 for the three roadways. 

STUDIES, PLANS, AND PROPOSALS 

Whereas essentially only maintenance work was done be
tween 1960 and 1989, there was no dearth of studies and 
proposals. Indeed, detailed plans for various Transbay ter
minals were proposed as early as 1930 (15). In 1959 a proposal 
was put forth for the construction of a Division of Highways 
(the precursor to Caltrans) office over the terminal providing 
two stories of office space and a heliport on the roof. Phoenix-

117 

like, the heliport concept ascended a number of times until 
it was finally grounded by the Federal Aviation Administra
tion in 1966. In that year San Francisco's public utility man
ager proposed the abandonment of the downtown airline bus 
terminal and the establishment of "a downtown branch of the 
San Francisco Airport" for a future downtown transportation 
center at the TIT with "horizonal elevators" to Market Street 
(16). In 1967 a feasibility study was conducted in conjunction 
with the World Trade Center Authority for the construction 
of a World Trade Center. In 1969 a proposal was made by 
Greyhound to operate the facility. 

In the early 1960s transportation engineers and conven
tional transit wisdom had it that the opening of BART service 
under the bay in 1974 would render transbay bus service and 
the terminal obsolete. However, a 1972 study commissioned 
by CTBA examined several alternatives and recommended 
replacement of the existing terminal with a new terminal built 
as part of a 2,000,000-ft2 mixed-use office complex. The new 
terminal was to accommodate both continued bus commuter 
use and long-haul bus service (17). Costs were to be largely 
borne by developers through the purchase or leasing of air 
rights over the new terminal for high rises . Though public 
reaction to this proposal was generally favorable and devel
opers showed interest, none could be found to finance the 
proposal. In 1972 the authority commissioned another study 
to complete a development plan by late 1974. However, late 
in 1973 this study was canceled as the passage by the state 
legislature of AB 3694, creating the San Francisco Bay Area 
Transportation Terminal Authority (SFBA TT A), became im
minent. SFBATTA became effective January 1, 1975. Its pur
pose was to "develop a regional transit terminal in the City 
and County of San Francisco on or immediately adjacent to 
the site of the existing transbay terminal." 

The authority was composed of representatives of AC Transit, 
Caltrans, San Francisco, BART, MTC, GGT, SamTrans, and 

TJP!Ct\1. gftOH · flOT!OI 

FIGURE 8 Remodeling of track level (14). 
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private transportation interests. SFBA TT A commissioned a 
number of studies and issue papers. Several proposals were 
brought forward, including demolishing the structure; build
ing over it; turning it into a parking structure, office complex, 
or urban plaza; expanding it with additional bus decks; pro
viding west- or southbound connecting ramps to Highway 101; 
excavating underground people movers to the Montgomery 
BART Station; constructing an elevated pedestrian bridge 
over Mission Street; creating a joint bus-train station; and 
selling or leasing the structure . 

In 1979 a draft environmental impact review, San Francisco 
Bay Area Transportation Terminal Expansion, was issued. It 
proposed a $50 million plan that included renovation, a second 
bus loading deck, lowering the " hump," building a pedestrian 
bridge across Mission Street, and other features. At that time, 
Greyhound Corporation representatives informed SFBA TT A 
that they were dissatisfied with the terminal proposals , citing 
costs , delays, and a recent Greyhound survey of its own pas
sengers indicating a preference for its existing Seventh Street 
site (18) . 

In 1981 SFBA TT A issued its final report for improvements 
to the TTT (19). The "preferred alternative" included 

expansion onto an adjacent site in addition to expansion of 
the terminal building ... . acquisition of ... properties south
east of the existing terminal. These properties to be developed 
to accommodate package express facilities at the street level 
and long-haul bus loading zones at the two upper levels. 

The terminal would be rehabilitated by adding a second bus 
deck and new roof. The total floor space . .. would be in-
creased from 400,000 to 780,000 square feet. ... The terminal 
structure would be reinforced to meet current seismic safety 
codes. 

This proposal drew a mixed reaction from major commuter 
bus operators and long-haul bus companies. Among the com
muter bus operators, SamTrans elected not to join AC Transit 
and GGT in concentrating San Francisco operations at the 
terminal. Greyhound made it clear that it would not join 
Continental Trailways in making the terminal its primary de
pot. The Airporter, a private bus line connecting downtown 
to the airport, also declined to base its operations at the site. 
Consequently, SFBATTA chose to pursue a modified plan 
of renovation and expansion. Before approving the final pro
posal and effectively voting themselves out of business, John 
Mauro, the SamTrans representative on SFBA TT A, ex
pressed the frustrations of many (20): 

I don' t know what these various agencies are contributing 
besides conru ·ion .... The money ho dried up and private 
developers have lost interest. I keep asking myself why I come 
to these meetings, except to decide where the money will come 
from for more consultants. 

In accordance with state legislation (SB 702), SFBATTA 
was dissolved on December 31, 1981, and Caltrans took over 
the project. 

Caltrans elected to implement the SFBA TT A project in 
stages. Design commenced for a Stage 1 SFBA TT A project. 
However, the design work was halted pending the outcome 
of proposals to relocate the San Francisco CalTrain terminal 
to a site immediately south of the TTT and to offer an air 
rights lease for joint development of office buildings over the 
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bus-rail terminal complex. While these issues were debated, 
the need for renovating the TTT persisted. 

A Transbay Transit Terminal Improvement Project was 
included on a list of projects to be constructed from federal 
funds originally set aside for completion of I-280 to the San 
Francisco-Oakland Bay Bridge. This $7 million project was 
never accomplished. In 1988 the citizens of the Bay Area 
passed Regional Measure 1, which increased tolls on certain 
state-owned bridges. Because of this and because the TTT is 
a part of the San Francisco-Oakland Bay Bridge facility, it 
was determined that the I-280 transfer funds originally set 
aside for the TTT would be better used elsewhere. Thus, it 
was proposed that the Terminal Improvement Project be funded 
by tolls, allowing the state total financial and jurisdictional 
control of the project. 

In 1989 Cal trans conducted a study and produced schematic 
designs for major revitalization of the TTT. As a result of 
this study, a Transbay Transit Terminal Revitalization Project 
was proposed. The proposal comprised a $54 million project 
to modernize the interior; provide access facilities for the 
elderly and handicapped; improve security; implement cur
rent building code requirements; and provide mechanical, 
utility, transit, and tenant improvements. In 1990 the project 
turned into the presently proposed Transbay Transit Terminal 
Renovation Project, which has three categories: Category 1, 
to upgrade the facility to meet current building and safety 
codes and improve security; Category 2, to improve opera
tional facilities for carriers; and Category 3, to rehabilitate 
rental space for the provision of modern terminal amenities 
for transit patrons. The total cost of this project has been 
estimated to be $54,078,000: $29,975,000 for Category 1, 
$22,080,000 for Category 2, and $2,023,000 for Category 3. 
Categories 1 and 3 will be funded through the department 
toll bridge Measure 1 funds. It is proposed that Category 2 
be funded through Metropolitan Transportation Commission 
Measure 1 funds. Designs for Categories 1 and 3 are scheduled 
to be completed in 1992, and construction is scheduled to 
begin in 1993. In addition, Caltrans is investigating the fea
sibility of a child care facility in the TTT. 

RELOCATION OF THE GREYHOUND DEPOT 

Greyhound Lines, in its various corporate incarnations, has 
been involved in a symbiotic relationship with the TTT since 
its construction. As noted, Greyhound Bus Lines was an orig
inal lessee. At that time its buses stopped outside the terminal. 
In addition, from 1960 until the late 1970s Greyhound op
erated a commute service to the east bay. The service origi
nated at its Seventh Street depot (see Figure 9) and stopped 
at the TTT before proceeding over the bridge . In 1969 Grey
hound proposed to Caltrans that Greyhound lease the ter
minal for $200,000 per year. The proposal was for a 30-year 
lease with two additional 10-year options. Greyhound pro
posed to occupy two of the three lanes. According to opti
mistic ridership projections, a fourth bus deck lane would 
have to be constructed over Natoma Alley behind the terminal 
to accommodate AC Transit. It was determined that the Grey
hound offer would not provide optimum return to the state. 

As noted, in 1979, shortly after the completion of the draft 
environmental impact review San Francisco Bay Area Trans-
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FIGURE 9 Existing and proposed terminals and stations in downtown San Francisco. 

portation Terminal Expansion, Greyhound Corporation rep
resentatives informed SFBATTA that they were dissatisfied 
with the terminal proposals. Greyhound's withdrawal ended 
SFBATTA's grandiose plans, because without Greyhound's 
participation SFBA TT A could not justify expansion of the 
terminal. 

Greyhound continued to seek an alternative to its anti
quated and increasingly inadequate facility at Seventh and 
Mission streets (Figure 9) . The Seventh Street depot was con
structed in the early 1940s primarily for the movement of 
troops during World War II. Greyhound officials acknowl
edged that the barnlike open-air loading shed and the tacky 
waiting room were, at best, substandard. In 1982 Greyhound 

executives proposed building a new three-story depot at Bryant 
and Ninth streets near Showplace Square, an upscale, swank 
designer enclave. However, Greyhound abandoned the pro
posal under pressure from local business people, who were 
concerned about the impact of the depot on their neighbor
hood, and city officials, who continued to campaign for Grey
hound to relocate to the TTT (21). 

In March 1987, Greyhound Corporation sold Greyhound 
Lines , the bus operation . The Seventh Street terminal was 
not included in the sale . In December 1987 Greyhound Cor
poration sold the terminal site to a local developer, who granted 
Greyhound Lines a 1-year extension on its lease. Whereas 
this was later extended, Greyhound Lines was faced with the 
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necessity of finding a new site for its downtown San Francisco 
depot (22). 

Reversing their earlier position, Greyhound officials ap
proached Caltrans on December 23, 1987, about moving their 
San Francisco bus operations to the 1TI. Caltrans, whose 
policy since the demise of SFBATIA has been to encourage 
the use of the TIT by Greyhound and other public and private 
operators, responded enthusiastically to Greyhound's pro
posal. Caltrans expedited construction because it believed 
that both the public and Greyhound would benefit. The public 
would have a depot closer to downtown with improved local 
and regional transit connections, and Greyhound would have 
a direct connection to the San Francisco-Oakland Bay Bridge 
and 1-80 as well as a more modern, secure facility. To meet 
the short time frame brought about by Greyhound's losing its 
lease, Caltrans agreed to alter its often cumbersome project 
development process and use a design produced by a Grey
hound architect. Caltrans s1;:1.:ureu appropriate historical and 
environmental clearances and oversaw actual constrnction. 

Project Description 

Greyhound's architect, Scott Windham, developed the pre
liminary design and overall concept for the project. IDG Ar
chitects of Oakland prepared the plans, specifications, and 
cost estimate. These were revised by Caltrans to meet state 
standards. Balliet Brothers of South San Francisco was the 
general contractor. The project included the following: 

1. An additional floor anchored to the existing columns in 
the headhouse area of the TIT center unit was to be built. 
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The new floor, with an area of 7,715 ft2, matches the grade 
of the existing bus deck platform, and on it was built Grey
hound's passenger ticketing area, rest room and waiting area, 
and baggage-handling room. Above this level was constructed 
a 2,340-ftl mezzanine office and driver waiting area. An el
evator, two escalators, and a stairwell were also constructed 
to provide access to the new Greyhound passenger service 
level. 

2. Lane 1 of the TIT bus deck was modified to provide 
"sawtooth" berths for 13 buses. The entire Lane 1 platform 
received a new architectural surface treatment (Figure 10). 

3. A package express facility (11,750 ft2) was constructed 
inside the street level area of the east unit. Two side-by-side 
elevators were constructed to provide rapid parcel transfer 
capability from the package express facility to the bus deck 
level. Behind the existing east unit a parking lot was con
structed to serve the package express facility . 

l.on~truction began on May 25, 1989. Greyhound moved 
into the facility on April 26, 1990. The original completion 
date for the project was December 4, 1989. Completion was 
delayed mainly because of the unique nature of the structure 
and site. The removal of asbestos before construction caused 
a delay of 2'12 months. Problems encountered during instal
lation of the new east unit elevator caused another major 
delay. The 19th century shoreline of San Francisco Bay runs 
directly under the main terminal unit. The east unit is built 
on bay fill. When drilling under the east unit to provide space 
for the elevator machinery, an ancient piling from gold rush 
days was struck. The low ceiling in the basement prohibited 
the use of large drilling machinery. After 2 weeks of drilling 
with small augurs, little progress was achieved. It was then 

FIGURE 10 Lane 1 and outside of new Greyhound depot in the TTT. Source: Caltrans. 
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decided to change the elevator to a "telescope" type, which 
did not require as much space. The new elevator machinery 
had to be ordered from Germany and took 45 days to deliver. 

The new Greyhound facility is in stark contrast to the rest 
of the TTT. The new depot is brightly lit , clean, and plush 
with new tile, electronic information signs, and brilliant chan
deliers. Leaping gracefully above the patrons, a large reno
vated 1930s neon sign of the Greyhound dog has been in
stalled. This art deco, canine glass logo is now the on! y remaining 
such sign in the country (Figure 11). 

Financing 

Most of the funding for the project came from the state's toll 
bridge funds. Improvements solely for Greyhound's use were 
paid for by Greyhound. The total cost of the project was 
approximately $3,000,000. Greyhound's share came to ap
proximately $680,000. Greyhound was granted a 20-year lease 
with options to extend the term for two successive 5-year 
periods. It is charged monthly rent on the basis of floor space 
and loading spaces used. 

CONCLUSION-FUTURE OF THE TERMINAL 

For years the TTT has been plagued by neglect and bad press. 
It generally came into the public eye only when there was a 
grandiose development proposal or complaints arose about 
its condition. Even when Caltrans repainted the interior in 

FIGURE 11 Neon greyhound, last of its kind. Source: 
Cal trans. 
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1979, the public scorned the color selection. Allan Temko, 
Pulitzer Prize-winning architecture critic of the San Francisco 
Chronicle, expressed the public outrage (23): 

[The bus deck] is an important space. With its graceful steel 
framing ... and the glass surfaces . .. pouring light ... [it] 
had a particularly happy welcoming mood: airy, clear, refined. 

The mood is gone. Instead of elegance and lucidity, there 
is turgid, vulgar incoherence: a wild array of ill-assorted colors 
battling with one another. They are no good individually , and 
absolutely terrible together. ... The mess is made worse by 
the ugliest brown I've seen in a spell: not earthen, or truly 
warm, but a congealed outhouse paste spread over the steel. .. 

These random, unrelated hues were not taken from a torn
up sample book, but were deliberately picked. In a mad bit 
of bureaucratic heraldry , Caltrans combined all the colors of 
the different transportation systems that use the terminal. 

The TTT has since been repainted. In 1983, when new 
transit information displays were erected, the San Francisco 
Examiner announced that "a shiny new Transit Information 
Center has opened in the shabby innards of the Transbay 
Terminal ... " (24). 

However, favorable impressions were made on a jubilant 
public when on November 16, 1989, 1 month after the October 
17, 1989, Loma Prieta earthquake destroyed a section of the 
San Francisco-Oakland Bay Bridge, the TTT served as the 
loading point for the "bridgewalk" and reopening ceremony. 
Approximately two-thirds of the 13,000 participants queued 
outside the TTT to be shuttled to Yerba Buena Island, where 
they trekked to the rebuilt section of the bridge. There the 
governor and other dignitaries spoke, reminiscent of the Bridge 
Railway ceremonies only 51 years ago. 

Whereas the TTT generally receives media attention during 
cyclic spasms of boosterism and grandiose development pro
posals or as a staging ground for ceremonies, its real function 
is performed every day, by providing a safe and efficient sys
tem for the loading and unloading of thousands of passengers. 

Through neglect, earthquakes, public scorn, and indiffer
ence, the TTT has stood as a silent sentinel, stoically per
forming its function. Rejuvenated by the addition of the Grey
hound facility and awaiting planned improvements, it stands 
ready to serve yet another half century as the busiest bus 
terminal west of the Mississippi. 
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Airport Development with Automated 
People Mover Systems 

WILLIAM J. SPROULE 

The ability of many airports to handle future air passenger de
mands is constrained by the capacity of terminals or ground access 
facilities. Various transportation systems to reduce walking dis
tances and provide for efficient movement of passengers in the 
airport should be studied. Though the impetus for the develop
ment of automated people mover (APM) systems was the desire 
to develop less labor-intensive solutions to urban transit prob
lems, one of the major applications has been at airports. Unique 
development opportunities have evolved. APM systems currently 
operating at airports and the characteristics of five airport projects 
under development are described, and lessons in the application 
of APMs are identified. 

Air passenger traffic continues to grow at dramatic rates . The 
growth has put added pressure on airport facilities , and conges
tion and delays have become unacceptable at many airports. 
As a result, plans are being developed and implemented to 
cope with this growth. The plans range from major modern
ization and expansion projects aimed at increasing capacity 
at existing airports to the construction of new airports. 

The objective in the planning of air passenger terminals is 
to achieve an acceptable balance between passenger conven
ience, operating efficiency, facility investment, and aesthetics. 
One measure of convenience is walking distance. Most au
thorities agree that 600 to 700 ft (180 to 220 m) is a reasonable 
design criterion for passenger walking distances in a terminal 
and that anything longer than 1,000 ft (300 m) is unacceptable 
(1). However, as terminal buildings are expanded, walking 
distances increase. At some airports, it may not be possible 
to expand an individual terminal because of site constraints, 
and an additional terminal or satellite must be constructed 
elsewhere on the site. As a result, the consideration of various 
transportation systems to reduce walking distances and pro
vide for the efficient movement of passengers in the airport 
has become more common. 

There appear to be three broad classifications of these 
systems: 

1. Driver-controlled systems, which are operated by a driver 
(e.g., buses, vans, mobile lounges, and tow trains or carts); 

2. Continuous systems, which are nonintermittent and are 
under the control of a switch (e .g., moving walkways and 
escalators); and 

3. Automated systems, which are under the control of an 
automated device [e.g., automated people mover (APM) 
systems). 

Department of Civil Engineering, University of Alberta, Edmonton, 
Alberta, Canada T6G 2G7. 

Each system has characteristics that make it appropriate 
for its application. Because no single system can satisfy all 
the transportation requirements encountered at various air
ports, each airport must determine which system is best suited 
to its needs. Several different systems can often be seen at 
one airport. The application of APM systems at airports is 
examined in this paper. 

AP Ms 

An APM is an advanced transportation system in which au
tomated, driverless vehicles operate on fixed guideways along 
an exclusive right-of-way. These systems are also known as 
automated guideway transit, people movers, and by various 
other names. 

APMs come in a variety of designs. They can be rubber 
tired, steel wheeled, suspended, or drawn by cables. De
pending on the supplier, there are differences in guiding, 
switching, and control concepts. However, they have a num
ber of characteristics in common. 

First, they are smaller, lighter, and more maneuverable 
than light rail or heavy rail transit vehicles. Vehicle capacities 
can range from 4 to 6 passengers in small vehicles to more 
than 150 passengers in larger vehicles . Vehicles can be linked 
to form trains. Second, because of the typical short ride du
ration and frequent stops on most systems, the vehicles are 
usually designed to carry a large standing load of passengers 
with few seats. Third, the vehicles are designed for fully au
tomated operation with no driver or attendant on board . Aside 
from potential savings associated with driverless operations, 
opportunities for short headways and service capabilities to 
better meet demands are possible. 

Although the impetus for the development of APMs was 
provided by the desire to develop less labor-intensive solu
tions to urban transit problems, one of the major applications 
has been at airports. The features that have made them at
tractive for consideration at airports include operational flex
ibility, reliability, cost-effectiveness, environmental aspects, 
safety, and image. 

AIRPORT SYSTEMS 

Today, there are 11 airports with APM systems. Eight are in 
the United States, two are in the United Kingdom, and one 
is in Singapore. The systems can be categorized into two 
groups: (a) intraterminal, for the movement of passengers in 
a terminal or between the central area and a satellite building; 
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and (b) airport circulation, for the movement of passengers 
on the airport site between terminals, parking lots, and re
gional rapid transit stations. 

Although there are several variations of these basic groups, 
the most common systems operate in a shuttle configuration 
within a terminal. The characteristics of operating airport 
systems are summarized in Table 1. 

The first application of an APM system was at Tampa In
ternational Airport. In a review of major airport terminals at 
the time, it was found that walking distances tended to in
crease with the growth of air passengers, because lengthening 
of piers was the common means of expanding capacity. In 
virtually all cases the walking distances were greater than 
generally accepted maximum guidelines, and walking dis
tances were especially long for passengers who had to transfer 
between airlines. A separation of landside functions from 
airside functions was advanced as an effective solution for 
airport terminal design to reduce walking distances. This would 
also group related passenger and aircraft processing more 
efficiently. The solution became known as the "satellite" con
cept. However, it was realized that the success of any such 
concept would depend on a means of transferring air passen
gers efficiently and comfortably between airside and landside. 
The revolutionary terminal opened in 1971 with a central 
landside terminal and four airside facilities, all connected by 
APM vehicles that shuttle on elevated guideways between the 
components. Similar shuttle configurations have been incor
porated in the design of terminal facilities in Miami, Orlando, 
Las Vegas, and Gatwick airports. Present expansions at the 
Tampa and Orlando airports have incorporated shuttles to 
new airside buildings. Construction in Tampa to link a parking 
lot with the term inal building by using an APM system Im 
recently started. 

TABLE 1 CURRENT AIRPORT APMs 

Airporl Description 

T•mp:.i lntern::tlloru.I ShuttlllJ connect landslt!t- 1c-rmln.al lo 4 Blnlde b1.1lldin8'. Shuulcr oidclod \o 
new airside building in 1987. 

Houston Cl~f loop COnt\C<:'ti: 3 air umnl11als, hotel, and remote parking area. System 
1ntercontinental extcodcd n 1990 for new termln.'tt 

Seattle-Tacoma Two loops <ont1«t«f by sh1.mlc S:f!l"\•ke. Each IQOp opqtilJ~ 1n one direction 
International and Unks c~nltAI u.•rminal with ll sa1e.11ite in a umncl unde:r "pron. 

Dallas-Fort Worth Nehvork for p;q:Hngcrs and emplo)'('(>S. connects 4 terminal buildings, hotel, 
International and ni:mOte p.11rklna .:ueas. Called "'Alrlr.a~. 

Atlanta Hartsfield System Unkt 2 l.uid1J.lde terminL'll • wllh ii remote airside buildings. Operates 
International in Transport4tionM111I tunnel uod r! t 11 pro1,, 

Miami International Shu.Ull! bt-tween landside terminal and aif$ldQ building. Cars on train 
re!Crvtd for passengers who have not completed U.S. Customs entry 
prO«>duros. 

Orlando International ShuttJes C(>flnt'Ct landside terminal to 2 air.>ide buildings. Shutlle added to 
new airsidt building in 1989. 

Gatwick, London, U,K. Shuttle between landside terminal and airside building. 

Second system shuttle to link new North terminal to South terminal and 
British Rail train station. 

Birmingham, U.K. Shuttle between new terminal and British Rail train station, Maglev 
vehicles. 

Las Vegas Mc:Carran Shuttle between landside tenninal and ai~lde building. 
International 

Singapore Changi Shuttles Unk landside and airside stations In two tenninals. 
lnUlMIUiom'I\ 
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At Seattle-Tacoma Airport, planners were faced with the 
need to expand the terminal but were constrained by the site, 
so a people mover system was used to link the existing ter
minal building with two new satellite buildings. The system 
consists of a shuttle in the main terminal building and two 
one-way loops located in tunnels under the apron. 

Other airports have more elaborate networks. At Houston 
Intercontinental Airport, a people mover is located in a tunnel 
and connects four terminals, a hotel, and parking areas. At 
Atlanta Hartsfield Airport a variation of the landside-airside 
concept was developed to accommodate the large number of 
transferring passengers. An APM operates in a tunnel located 
under the apron and links the main landside terminal with 
four concourses or airside buildings. Passengers can also walk 
or use moving walkways in the tunnel between buildings. 

The most extensive system opened in 1974 at Dallas-Fort 
Worth International Airport. On a network of overlapping 
routes, vehicles transport passengers and airport employees 
between four terminals, a hotel, two remote parking areas, 
and a maintenance facility. The system, known as Airtrans, 
has about 13 mi (20.9 km) of single-lane guideway and 32 
stations. Studies are under way to change the system to ac
commodate possible expansion and changes in American Air
lines operations at the airport. 

People mover shuttles have been developed to link air ter
minals at Gatwick and Birmingham airports with British Rail 
train stations. 

PLANNED AIRPORT SYSTEMS 

Several airports have APM systems in various stages of de
velopment, and many airports have included people movers 

Stut of Contigwation L•nglh of Number of System Supplie.t 
Service Cu1dew.1 Stations 

lW.l 4·•hultl05 I.~ mll<'!I 8 AEG Westlul)hoU.SO 
(22 km) 

1987 shuttle 0.5 miles AEC Westinghouse 
(0.8 km) 

1972 closed loop in 1.5 miles WEDway - replaced an original system by 
luMei (LJ km) Rohr, 1981 : WEDway system now available 

1990 0 2 miles from TGl-Bombardier 
(0.3 miles) 

1973 2 loops in tunnel 1-7 miles AEG Westinghouse 
and shuttle leg (2 7 km) 

1974 network of 13 miles 32 Vought Corporation 
overlapping (20.9 km) 
routes 

1980 pinched loop 2-4 miles 10 AEG Westinghouse 
with tumbacks (3.8 km) 
in tunnel 

1980 shuttle 0.5 miles AEG Westinghouse 
(0.8 km) 

1981 2 shuttles 15 miles AEG Westinghouse 

1989 shuttle 
(2.4 km) 

2 AEG Westinghouse 
0.7 miles 
(11 km) 

1983 shult\e 0.4 miles AEG Westinghouse 

1988 shuttle 
(06 km) AEG Westinghouse 
1.5 mlles 
(2.4 km) 

1984 shuttle 04 miles People Mover Group - a consortium of 
(06 km) British Rall, British Government, and 

engineenng companies. 

1985 shuttle 0,5 mJles AEG Westinghouse 
(0.8 km) 

1989 2 shuttles 0.8 miles AEG Westinghouse 
(lJkrpl 
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in their long-range master plans (2,3). The characteristics of 
five projects in the United States are summarized in Table 2 
to show some unique applications. 

Chicago 

O'Hare Airport is currently undergoing a major program of 
modernization and expansion. An APM system is included 
in the program. The system is being built by Matra, a French 
company, and will connect a remote parking lot, rental car 
facilities, a future international terminal, and the existing do
mestic terminals. Initially there will be three stations in the 
terminal area. A fourth station, serving the international ter
minal, will be added when that terminal is complete. From 
the terminal area, the guideway will proceed north to a long
term parking lot. A station serving rental car facilities has 
been proposed, and the O'Hare master plan envisions future 
extension of the system to serve additional remote parking 
lots and airport-related activity centers , such as hotels and 
office complexes. The system is now under construction, and 
it is expected that service will begin in 1991. 

Pittsburgh 

At Greater Pittsburgh International Airport, design is under 
way on a midfield terminal complex to accommodate pro
jected passenger traffic growth. An APM system will shuttle 
passengers between a landside terminal and an airside build
ing in a tunnel that will also include a pedestrian walkway. 
Construction is under way, and the system is scheduled to 
open in 1992. 

Denver 

Planning is under way for a new airport to replace Stapleton 
International. The proposed terminal concept is similar to 
Atlanta Hartsfield, in which an underground people mover 
system links a landside terminal with airside buildings. The 
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system will operate as a "pinched loop" with trains traveling 
from the landside terminal to airside buildings on one guide
way. At the last airside station, trains switch to the adjacent 
guideway and return to the landside building. The first phase 
of the system will serve three airside buildings. The system 
is scheduled to be operational in 1993-1994, when the new 
airport opens. 

New York (Kennedy International Airport) 

One of the most ambitious systems currently under design is 
at Kennedy International Airport in New York City. The 
Port Authority of New York and New Jersey has recently 
embarked on a major program to modernize and expand 
Kennedy. 

The major bottleneck at Kennedy is the terminal roadway 
or ring road, which serves the unit terminals. To reduce 
congestion, the Port Authority plans to build a new trans
portation center building in the center of the terminal area. 
New access roads will be built to serve the transportation 
center, and this building will be linked to five unit terminals 
with APM systems. Provisions are being made to link to other 
unit terminals and other airport activity areas. 

To relieve traffic congestion on the ring road, all public 
transit vehicles will be required to use the transportation cen
ter. Here passengers will be able to buy tickets, check and 
claim baggage, and enjoy the typical airport terminal amen
ities. From the transportation center, passengers will be shut
tled to their terminal on a people mover system. Passengers 
connecting between terminals will simply ride a shuttle to the 
transportation center and then transfer to another shuttle and 
ride to their connecting terminal. 

Completion of the project was anticipated for the mid-
1990s, but the start of construction has been delayed and 
terminal redevelopment plans are under review. 

Newark 

The Port Authority of New York and New Jersey has also 
started a major improvement program for the ground access 

TABLE 2 SELECTED AIRPORT APMs UNDER DEVELOPMENT 

Airport 

Chicago O'Hare 
International 

Pittsburgh 
International 

New Denver 
International 

New York Kennedy 
International 

Description Start of Configuration Length of Number of 
Service Guideway Stations 

System links remote parking with domestic 1991 pinched loop 2.6 miles 
terminal. Plans to add stations at rental car facility with tumbacks (4.3 km) 
and new international terminal. 

Shuttles connect landside terminal to airside 1992 shuttle in 0.9 miles 2 
building. tunnel (1.5 km) 

System links landside terminal with 3 remote 1993 - pinched loop 2.3 miles 8 
airside buildings. 1994 with tumbacks (3.9 km) 

in tunnel 

Shuttles connect new Transportation Center to 5 unit mid - 5 shuttles on 10 
terminals. 1990's elevated 

guideways 

Newark International System links 3 tenninals with 2 Jong term parking 1994 pinched loop 1.8 miles 5 
Jots. with tumbacks (2.9 km) 

System Supplier 

Matra 

AEG Westinghouse 

AEG Westinghouse 

AEG Westinghouse 

Vol Roll Transport 
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facilities at Newark International Airport. In addition to ma
jor roadway realignments and an increase in parking capacity, 
an APM system will be built. Initially the system will have 
five stations that will link three passenger terminals with park
ing lots. Future expansion will include a station at which pas
sengers can transfer to a proposed regional rail system. 

The unique aspect of this APM system is that it will use a 
building envelope and guideway supporting structures that 
were incorporated in the original terminal design developed 
more than 20 years ago. Vol Roll Transportation has been 
awarded contracts to provide the superstructure, vehicles, and 
controls. Construction is expected to be completed in 1994. 

APPLICATIONS 

APM systems have been used in various airport applications. 
As mentioned earlier, the applications can be grouped into 
two categories, intrntermimd Clnd <lirport circulation. Intra
terminal service systems are typically important components 
of new terminals and are "must ride" systems (that is, no 
other choice is available). Airport circulation systems have 
been used to link passenger terminals with each other and 
with parking areas, hotels, regional rapid transit stations, and 
other activity centers on site. The increased use of APMs, 
together with the variety of possible applications, has led to 
an assortment of network configurations (4). Examples of the 
basic categories and network configurations are shown in Fig
ure 1. 

APM systems have unique performance capabilities and 
characteristics. A planner has a wide latitude in configuring 
a system to match the needs at an airport. The potential to 
extend service off site and link hotels, offices, remote parking 
lots, rental car facilities, and other major activity centers with 
the airport has been identified. The potential is unlimited. 

Comparisons of APMs with other possible modes are usu
ally site specific. Selection of a transportation system is largely 
a matter of local decision and is based on local requirements 
and desired standards of service for the airport (5). Studies 

Curronl Sn 1ems 
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generally follow a conventional systems approach, developing 
measures of effectiveness , generating alternative courses of 
action, modeling performance, carrying out a multicriteria 
evaluation of alternatives , and then selecting the preferred 
alternative. 

EXPERIENCE 

Since the first APM system was incorporated in the passenger 
terminal at Tampa International Airport almost 20 years ago, 
several lessons have been learned. This experience has been 
documented in several reports (6-8), and some of the most 
important lessons are summarized as follows. 

1. Consider the application of an APM system early in the 
planning process to ensure good design integration. 

2. Recognize that the most successful systems have been 
the simplest. 

3. Plan as much flexibility into the system as possible to 
respond to changing conditions at an airport. 

4. Involve system suppliers early in the planning process. 
5. Select the technology and the system supplier at the ear

liest possible date so that the specific requirements of the 
selected system can be incorporated to achieve design and 
construction cost efficiencies. 

6. Recognize that system reliability is important. A system 
failure could severely disrupt airport operations. 

7. Consider the degree of commitment of the system sup
plier. Many firms have abandoned the APM market, and this 
has caused some difficulties in obtaining replacement parts. 

8. Exercise caution when a supplier proposes that an in
stallation be used as a "test bed" to prove a new system. New 
systems must be tested, but the risks and benefits must be 
carefully weighed. 

9. Plan the system so that it is easy to use. Design clear 
information and instructions on how to use the system. 

10. Hire and retain good operations and maintenance 
personnel. 

Srl~ctcd s,·~tcms Undtr ()evtloomtnt 

Categories Tmnpa I Ho•nlon I Suttle· I 0'11.,·Fort I Monla I Miomi I O.lordo I Go1wiek, 1 Bmninghom I U.s Vegos I Singopo<e 
T""1!.1. Worth London U.K. 

~!" I Pill•bU<gh I New Denver I N.Y. I NcwRrii: 
Kaurlv U:i.temat1ooal 

INTRA-TERMINAL ee e e e Shuttle Alignment e I e 
Loop Alignment 

Transportation Mall e e 
AIRPORT CIRCULATION e Terminal - Terminal e e e 

Terminal - Parking Lots e e e e 
Terminal -Transit Station e e 
Terminal - Olher Services on e e e Site e Transportation Center 

FIGURE 1 Applications of airport APMs. 
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CONCLUSIONS 

APM systems have proved themselves in various airport ap
plications. The range of performance capabilities and network 
configurations of this advanced transportation mode provides 
the airport planner with exciting opportunities. APM systems 
have become important components in the development of 
new airside-landside passenger terminal concepts. The trans
portation mall and the transportation center are two examples 
of new applications of these systems. The success of APMs 
has also led to the examination of various airport circulation 
systems to link passenger terminals with each other and with 
parking areas, hotels, regional rapid transit stations, and other 
activity centers both in and adjacent to the airport. Imagi
native uses of APM systems are being considered. 

Although the selection of transportation systems for moving 
people in an airport is largely a local decision based on local 
requirements and desired standards of service, it is expected 
that interest in APMs will grow. The ability of many airports 
to handle future air passenger demands is constrained by the 
capacity of terminals or ground access facilities. Airports are 
searching for better ways to move people. 
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The Maturing Airport People Mover 
Field-Four Rounds of Experience at 
Tampa International 

LAWRENCE L. SMITH 

In the late 1950s the first pedestrian conveyor device was installed 
in Love Field in Dallas , Texas . Airport planners wanted to elim
inate the long walk . A decade passed and a small people mover 
sysr.cm was installed at Houston Intercontinent al Airport iu 1969. 
The system connected the unit termi nals and evcn tuaJ!y the air
port hotel in a mall undergr und I op and was an auractive 
passenger convenience. In 1971 Tampa International Airport in
corporated four people mover shuttles as a "must ride" feature 
of the landside-airside hub-and-spoke layout. The instant success 
was quickly translated into a series of similar installations, all 
provided by Westinghou e-the only vendor with a proved tech
nology at that time . In the mid-19 0 a fift h shuttle was add d. 

urrently a mailer, non-Westingh u$e y tern to link a new park
ing garage is being built. and a sixth shuttle is planned. Facts and 
impres ions on the I.la is of experience with four r und of pro
curing an.cl operating people movers are presented. 

The "must ride" concept implies that the airport user must 
ride the people mover conveyance because there is no other 
means of access between stations, except during emergencies. 
The shuttle cars travel the station-to-station distance much 
faster than any passengers can walk or run . 

The title "must ride" may convey a negative meaning. How
ever, it had more to do with the fact that we did not intend 
or desire to build covered corridors paralleling the trackways. 
We have eliminated the costs associated with building that 
structure and the continuing operating and maintenance cost 
of air-conditioning, lighting, heating, cleaning, and maintain
ing a superfluous corridor. The space alongside the people 
mover guideway is accessible and usable as an emergency 
walkway only during rare emergency conditions. During oc
casional stoppages of cars in the trackwa y, passengers are 
given an audible message to remain in the car because main
tenance is on the way. The maintenance technician usually 
reaches the car and drives it into the station in a few minutes 
without undue passenger distress. 

As the decade of the 1990s begins , 10 automated airport 
peoplt: movers exist-7 from the dominant supplier and 3 
from others. Eight new systems are under construction-at 
Singapore , Orlando (new leg), Tampa (new loop), Chicago, 
Pittsburgh, Tokyo-Narita , Frankfurt, and Newark. Work is 
about to begin at Osaka-Kansai and Denver. Serious planning 
continues at New York's JFK and LaGuardia. The airport 
people mover is no longer a novelty and will be as common 
as loading bridges, baggage carousels, escalators, and mag
netometers in the large airports built or expanded after 2000. 

Hillsborough County Aviation Authority, P .O. Box 22287 , Tampa, 
Fla. 33622-2287. 

In the early days of people mover experimentation and 
trials, government agencies and trade associations conducted 
studies of feasibility, cost, reliability , energy, and accidents . 
Library references have proliferated faster than installations. 
Publications more than a few years old are obsolete or in need 
of major updating. 

The airport people mover business is now a fledgling in
dustry and boasts its own privately sponsored bimonthly trade 
journal (Transit Pulse, founded in 1983 in Boston , Massachu
setts) . There are other indicators of maturity-the recently 
formed Monorail Society listed the " I rode the ALWEG at 
the 1962 World 's Fair" button selling for $8.00 in good-to
fair condition . 

The maturing of this new industry brings with it conven
tional dilemmas and new problems . The crisp daring of the 
inventors, ground breakers, and risk takers and their collec
tive can-do , must-do diligence have mellowed into today's 
routine business environment. 

START-UP EXPERIENCE AND MATURATION 

As owners and operators of one of the earliest airport systems, 
we too have learned a lot about our end of the business. The 
early traumas of troubleshooting , debugging, and fear of fail
ure produced a winning effort that brought our system to a 
standard of reliability within the first year of operation that 
has persisted for the past 19 years . 

Our original venture in this unproven but promising tech
nology was not without the usual owner protection clauses in 
the procurement contract. We included penalties for down
time and precise means of notification and timekeeping. Dam
ages were to be assessed at $10.00/hr for every hour over 12 
accumulated in a month. Unless otherwise agreed, notifica
tion of an outage and back in service was to be by full-rate 
telegram . Hard-copy delivery of the telegram within 4 hr was 
guaranteed; the cost in 1971 was $5 .00 for the first 15 words 
($15 .00 today). 

We never sent or received a telegram, nor did we ever 
collect a $10.00 charge . The 12-hr grace period is equivalent 
to approximately 98.3 percent contract service availability . In 
1976 we renegotiated the 5-year maintenance contract. By 
mutual consent we deleted the damage assessment clause for 
the 1971 cars and added specific language that availability 
must be maintained to the standards established during the 
first 5 years as shown in the statistical history of the day-by
day performance of the system. 
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Third and fourth 5-year maintenance contracts followed in 
1981 and 1986. The old cars are now "senior citizens"-al
most 20 years old-and are still operating, on the average, 
above 98 percent contract service availability. The old cars 
received 2-week interior renovations in 1985 at a cost of about 
$50,000 per car. We expect to get about 10 more years of 
service from the old cars . However, we believe that this will 
require some expensive renewals and replacements to com
pletely rehabilitate essential electronic systems. 

START-UP EXPERIENCE-THE SECOND TIME 
AROUND 

The troubleshooting and debugging phase of the 1988 models 
to serve a fifth airside terminal was twice as long as that of 
the pioneer models. Although the supplier was the same com
pany, its attitude was characterized by typical new car dealer 
arrogance at the warranty counter. The can-do spirit of the 
pioneer troubleshooter was replaced by the "why me" attitude 
of endless legal interpretations. Nonetheless, the newer sys
tem's performance improved. 

131 

Figures 1 and 2 show the steadily declining penalty assess
ments and the related steadily increasing contract service 
availability. In the first 6 months after inception of service, 
the system averaged $4,000 per month in penalties and 96 
percent availability. In the next 6 months penalties dropped 
to an average of $2 ,900 per month, and availability climbed 
to 97 percent. Penalties for the next 6 months dropped to 
$2,300 per month, and availability increased to 98 percent. 

The system performed for the first time without penalty 
and above the 99 percent availability benchmark during the 
20th month. After 2 years of debugging, we now have a near 
"constant-state" condition, with availability hovering around 
99 percent for 1990. 

The penalty calculations and acceptance criteria for the new 
system are far more precise and definable in the contract, and 
that is a direct result of our experience as owners. The new 
cars are also an improvement over the old cars, and that is a 
direct result of the dealer's experience with its product line. 
The sophistication of the industry now includes standard prac
tices for product modification, component testing, recall , and 
precise definitions of outages and verifiable accounting of 
downtime. 
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FIGURE 1 Tampa International Airport passenger transport system, Leg F-monthly penalties. 
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service availability. 
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The telegraph message has been replaced by facsimile ma
chines and computerized data retrieval to the nearest minute, 
and the penally rale has been changed to $5.00/min. The 
contract service start-up availability goal is 99 percent, and 
the exceptions and definitions of downtime have become more 
standard as owners share their wisdom and experiences. 

CURRENT PROCUREMENT 

The people mover marketplace today presents buyers with a 
selection of makes and models, end-of-year sales, and cars to 
fit their style and taste. Tampa International Airport has again 
stepped into the marketplace and recently procured a sporty, 
little compact people mover that will be just right for moving 
passengers from a massive new parking garage to our existing 
terminal building. 

The new parking garage is enormous on a world scale. Each 
floor covers 11 acres and will accommodate 1,000 vehicles. 
The first phase of construction will produce five floors. The 
scale of the new facility presents the same problem as the 
1970 challenge of minimizing passenger walking. Our original 
parking capacity was 2,600. When the new garage opens, we 
will have 8,800 parking spaces stacked on the same land area 
as the original layout. 

We adopted the same passenger convenience philosophy 
and built the garage structure in its best location and maxi
mized its utility and economies of scale. The walking dis
tances, this time with luggage, would be horrific and similar 
to the endless hikes and dreaded shuttle buses at the typical 
sprawling airport parking facility. 

The automated people mover was easily the most passenger
friendly device to circulate through one floor of the 11 acres 
of new structure and tie into the fifth floor of our existing 
terminal rooftop garage. Twelve elevators (spaced three per 
quadrant) will transport passengers to the shuttle lobbies. 

The new system will have six minicars, each holding about 
17 passengers and revolving in a 2,800-ft pinched loop con
figuration serving four stations in the new garage and three 
stations in the existing terminal building. With five cars in the 
loop, the system will manage a 70-sec headway and provide 
for a spare car in the maintenance facility. Tampa Interna
tional Airport never had the luxury of a spare car on its airside 
people movers. This evolution is akin to the first spare tire 
strapped to the running board. 

The new system was procured after 11/2 years of evaluation 
uf vendor products had narrowed the field to three serious 
vendors that offered models of airport people movers that fit 
this application. The contract was awarded to Transportation 
Group, Inc., for system installation, 5 years of maintenance, 
and an owner training option, for a lolal of $13.2 million. 
AEG/Westinghouse offered a system for $25.5 million, and 
Von Roll offered a system for $29. 9 million. 

We believe that this transportation device will be more 
successful than our original landside-airside people mover and 
more attractive to the public because they are carrying lug
gage. The earlier "must ride" system was not challenged with 
handling luggage, because luggage is checked in the main 
terminal building and transported by airline equipment to the 
airplane. 
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The south parking garage is scheduled to open in late 1991. 
We believe that this concept will be an early success. We 
expect that other planners will reconsider the intangible value 
of passenger convenience and repeat the c ncept in new ap
plications for airport people movers. The market will further 
grow as planners see the value of linking other people col
lectors: airport hotels, garages, rental car facilities, limousine 
and taxi stands, and other pedestrian destinations. 

Another wave of airport planners working on the latest all
new airport project has descended on Tampa to visit the cradle 
of airport people mover technology. A delegation from Hong 
Kong's Chek Lap Kok Airport is considering far greater peo
ple mover applications than we did 20 years ago. There is no 
longer a question of whether the system will work, but rather 
how can it be linked to the mass transit systems in the sur
rounding community. It appears possible that Chek Lap Kok 
will pass a new milestone-the airport people mover as 
boundary interface with the outside community. 

DEALER SERVICE IN 1990 (THE FINE PRINT) 

Maintenance of people movers continues to be primarily by 
outside contractors. However, we have not seen much prog
ress in standardizing the pricing of these services. For ex
ample, the procurement contract, not including the 5 years 
of maintenance, for the garage system produced construction 
cost submissions for equipment from the three vendors of $10 
million, $16 million, and $24 million. The companion bids for 
operations and maintenance costs were $2 million, $8 million, 
and $4 million, resp: ctively. The variation from low to high 
is seriously distorted and leads one to wonder what is so 
mysterious about maintenance contract pricing. The three 
vendors all priced their maintenance against the same oper
ations and maintenance staffing minimums and reliability cri
teria, and we cannot explain why the variability among the 
three vendors ranges from the low bid to the low bid raised 
to the third power. 

The overwhelming caution is "don't buy without a 5-year/ 
500,000-mi warranty" or some suitable equivalent for your 
application. Also beware of specialty components, such as 
switches, controls, and radio systems. You may want extended 
warranties on these items, especially on innovative concepts. 

The best, most carefully written warranty can be voided 
with improper maintenance. Few owners have sufficient ex
pertise to protect themselves from claims of maintenance ne
glect in the event of system component failure. Therefore, it 
behooves the new system owner to procure the system with 
full service and maintenance during the initial 3- to 5-year 
warranty period. The owner can spec ify that system training 
be conducted throughout the warranty period and in this way 
prepare for in-house maintenance. The pros and cons of con
tract versus in-house maintenance are unique to each site, as 
are many of the terms and conditions of an appropriate pro
curement, maintenance, and extended warranty contract. 

In today's marketplace there are many experienced system 
suppliers with a decided advantage over the novice system 
buyer. The prudent first-time buyer should visit operators of 
similar systems and carefully select a specialized consultant. 
The consultant should have knowledge of recent dealings with 
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the contending vendors and be prepared to assist throughout 
preliminary system planning, procurement, specifications, ac
ceptance testing, and start-up of the maintenance warranty 
and operations phase. 

PROPHECIES 

What does the future hold for the people mover marketplace? 
I offer a handful of predictions. 

• This fledgling industry will soon boast having its own Big 
Three. 

• The market shares will gradually solidify. 
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• Procurement and maintenance contracts will evolve into 
boilerplate formats similar to the elevator and escalator types. 

• The world's shortest moving walkway will be commis
sioned in the 1990s, and it will be less than 75 ft long. 

• Radio frequency controls will give way to hard wire or 
other forms of induced signals on stable carriers. 

• Traction motors and cables will fill a small niche over
shadowed by the new technology. 

•The new technology will burst on the scene, ushered in 
and groomed by a new breed of pioneers-but it is unclear 
who they will be and what language they will speak. 

Publication of this paper sponsored by Committee on New Transpor
tation Systems and Technology. 
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Review of Four Alternative Airport 
Terminal Passenger Mobility Systems 

WILLIAM H. LEDER 

United States uir triwel is expected to grow at high rates r r at 
least rhe next decade. In 200'! there will be 807 million pa.sengers 
annually, compared with 400 million in 1985. 11.s ai rport tcnninnl 
facilities continue ro increase in size airpon planner , designer . . 
and operator ' will place more reliance on passenger mobility 
technologies to provide an acceptable level of ervice to both 
transferring and origin-destination travelers. Four such technol
ogies urc reviewed: moving sidewalks, courtesy ca1b, uuses, aml 
automated people movers . Examples of installations at U.S . air
ports are discussed. Salient fea tures, including advantages, di -
advanrnges, and limitations , are identified. A set of generalized 
system performance criteria are presented for use as a checklist 
by airport planners and designers. onclusions about the appli
cabili ty of each technology are included . 

The growth during the past decade in United States air trans
portation is expected to continue into the 21st century. In 
1980, 316 million airline passengers used U.S. airports. The 
Federal Aviation Administration forecasts that by 2001, an
nual U.S . airline passengers will reach 807 million, an increase 
by a factor of 2.6 in 21 years. The growth trend is shown in 
Figure 1. Planners, designers, and operators of airports, as 
well as the airlines , face substantial challenges in facilitating 
such remarkable increases in activity. 

A consequence of the massive growth in air travel is that 
the scale of modern airport terminals often exceeds human 
proportions. To achieve designs with acceptable passenger 
walking distances and aircraft-to-aircraft transfer times, more 
reliance is being placed on technology. General increases in 
air transport activity and the development of airline con
necting hubs have made and will continue to make passenger 
mobility within and between terminals a more important part 
of terminal planning and design . 

The following passenger mobility technologies are reviewed 
in this paper: moving sidewalks, courtesy carts, buses, and 
automated people movers (APMs). Each of these technolo
gies is used today at airports in the United States and foreign 
countries. 

Before examining the four mobility technologies in detail, 
the question of why airport terminals need to be built on such 
a grand scale will be discussed. 

AIRLINE OPERATIONS 

To start with, airplanes are , in themselves, large. To illustrate 
that point, wingspan and maximum length for the range of 

Lea+ Elliott, 1009 West Randol Mill Road, Suite 210, Arlington, 
Tex. 76012. 

common commercial transport aircraft in use today are given 
in the following table: 

Capacity 
Aircraft Type (passengers) Wingspan (ft) Fuselage Length (ft) 

B 737-200 120 93.0 100.2 
B 747-400 500 211.0 231.9 

Because of the large size of aircraft, apron frontage 
dimensions associated with terminal buildings must be 
substantial. 

In addition to the size of aircraft , the total frontage re
quirement depends on the fleet mix (relative proportion of 
aircraft types) and number of aircraft that must be simulta
neously accommodated. Thus, a lot of terminal frontage is 
required to park and service a large number of modern com
mercial transport aircraft at the same time. 

Connecting Hubs 

After federal deregulation of air carrier competition , airlines 
generally abandoned their traditional point-to-point route 
structures in favor of hub-and-spoke configurations. Hub air
ports , besides serving origin-destination travelers, are used as 
transfer nodes where as many as 60 to 70 percent of the 
passengers only make connections from one flight to another. 
Aircraft from spoke origins arrive, passengers are exchanged, 
and the aircraft then depart for spoke destinations . That proc
ess is referred to by the airlines as a connecting bank. As 
many as 8 to 10 connecting banks may occur each day at a 
large hub. These banks produce significant peaks in activity 
separated by periods when there are not many aircraft or 
passengers at the terminal. 

For an airline hub to function efficiently, passengers arriv
ing on any given flight must be able to transfer to every other 
flight in the connecting bank. Therefore , all aircraft in the 
connecting bank must be parked at the terminal simultane
ously. That is the requirement that leads to the terminal sprawl 
associated with large hub operations. 

The airlines are interested in completing the connecting 
process as quickly as possible to maximize the productivity of 
their aircraft fleets . They schedule as many connecting banks 
as possible during the time of day that passengers desire to 
travel. Table 1 gives minimum on-line connecting times for 
six large hub airports to illustrate that point. Minimum con
necting times, which are published in the Official Airline Guide , 
are used by airlines and travel agents in constructing passenger 
itineraries. The minimums become facility maximums from 
the viewpoint of terminal planners and designers. 
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FIGURE 1 United States airline 
passenger growth. 

TABLE 1 MINIMUM DOMESTIC ON-LINE CONNECTING 
TIMES (MINUTES) 

AIRPORT HUB AIIU,INE TIME 

Dallas-Fort American 30 
Worth 

Delta 30 

Denver United 25 
Stapleton 

Continental 25 

Atlanta Delta 35 
Hartsfield 

Eastern 30-35 (a) 

Chicago O'Hare United 29 

American 25-40 (b) 

Detroit Northwest 30 
Metropolitan 

Charlotte U.S. Air 30 
Douglas 

(a) Depends on gate location 

(b) 40 minutes if widebody aircraft is involved . 

Source: Official Airline Guide, North American 
Edition, July 1, 1990, Vol. 16, No. 19. 

Origin-Destination Passengers 

Although much emphasis is currently placed on connecting 
passengers, there are large numbers of passengers who want 
to go to or from hub cities. They too must confront the great 
distances and times associated with hub terminals. 

Other airports, without the high level of connecting pas
sengers associated with the hubs, tend to be more origin
destination oriented. Many of them, because of general growth 
in air travel, have large-scale terminal facilities with long walk-
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ing distances that consume substantiai'time. Some large air
ports that serve a high percentage of origin-destination trav
elers are Boston Logan, Las Vegas, New York La Guardia, 
Orlando, Seattle, Tampa, and Washington National. 

Critical Reasons for Passenger Mobility Technology 

The preceding discussion indicates that there are two critical 
reasons for the increased use of technology to aid passenger 
mobility within and between terminals. They are (a) contin
ued vigorous growth in all categories of air travel for at least 
the next decade and (b) airline hubbing, which requires the 
transfer of large numbers of connecting passengers over long 
terminal distances in a short time. 

ALTERNATIVE SYSTEM DESCRIPTIONS 

Moving Sidewalks 

The conventional moving sidewalk is a passenger-carrying 
device on which passengers may stand or walk. The passenger 
carry surface (treadway) moves at a constant, uninterrupted 
speed. Service is point-to-point along a straight line. 

Nominal lengths vary from 100 to 400 ft. Local building 
codes often govern maximum lengths on the basis of emer
gency exit requirements. Treadway widths typically range from 
39 to 55 in., with the 39-in. width predominating. Constant 
slopes up to 15 degrees (27 percent) are possible. 

Moving sidewalk speeds are adjustable between 90 and 120 
ft/min. A speed of 100 ft/min is typical. Suppliers do not 
recommend higher speeds because of safety concerns. If pas
sengers walk on the moving sidewalk at 230 ft/min, the re
sulting cumulative speed is 330 ft/min. A discussion of pe
destrian walking speeds is provided by Fruin (J). 

Moving sidewalk system capacity is a function of speed and 
passenger density on the treadway. For a 39-in. treadway 
width, a speed of 100 ft/min, and 2.5 ft2 per standing passen
ger, the calculated ideal system capacity is 7,800 passengers 
per hour per direction. Some suppliers suggest that higher 
capacities with greater passenger densities are achievable. 
However, 2.5 ft2 per passenger, especially if luggage or other 
carry-on articles are included, is considered to be a practical 
minimum (unpublished data, Lea+ Elliott, 1988). Given slight 
pauses in the boarding of moving sidewalks and greater space 
allocations for those who walk rather than ride, practical max
imum system capacity is about 5,000 passengers per hour per 
direction. 

Courtesy Carts 

Battery-powered, electrically propelled courtesy carts are used 
in many airline terminals for the transportation of passengers. 
These rubber-tired, driver-steered vehicles are supplied by 
the manufacturers of golf carts. 

Cart capacity ranges from five to about nine passengers 
with carry-on articles plus driver. Maximum speed is approx
imately 9.5 mph. However, practical safe operating speed in 
a terminal environment is usually considerably less-about 3 
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to 5 mph (on the basis of field observations by Lea+ Elliott 
staff). Operational endurance between out-of-service periods 
for battery recharging varies widely depending on usage. A 
full battery recharge requires 8 to 12 hr. 

Courtesy carts, which are highly maneuverable, do not op
erate in an exclusive right-of-way. They typically share the 
terminal concourse floor with pedestrians, stopping as needed 
for passenger boarding and deboarding. The drivers maneu
ver their vehicles to avoid pedestrians, furniture, fixtures, and 
building components such as doors and partitions. 

Service is provided in two ways. Carts are usually used to 
accommodate (a) mobility-impaired passengers who cannot 
walk long distances or whose walking speeds are well below 
normal and (b) passengers making close connections between 
flights, when even above-normal walking performance would 
not be sufficient. 

Cart service is provided on a more organized basis over a 
defined route in at least one case. American Airlines uses a 
fleet of 16 carts in its east side l1::u11i11al complex at Dallas
Fort Worth International Airport . That operation will be dis
cussed in more detail later in this paper. 

Buses 

Buses are rubber-tired, driver-steered vehicles operating mostly 
on streets and roads in mixed traffic. At airports, they typi
cally operate on terminal frontage and circulation roadways 
on a nonexclusive basis, sharing the right-of-way with other 
automotive vehicles. However, an exclusive right-of-way or 
dedicated high-occupancy vehicle lane may also be used. 
Curbside stops are defined but can easily be changed, and 
either scheduled or on-demand service is provided. 

Speeds are influenced by roadway design, dwell time at the 
stops, and traffic congestion. Because of the relatively low 
speed performance of airport roadways, vehicle design is usu
ally not a constraining speed factor . Vehicle capacity for buses 
in airport service is within a nominal range of 15 to about 60 
passengers. Most buses are powered by diesel engines. 

TRANSPORTA TION RESEARCH RECORD 1308 

System capacity, which is a function of headway (time in
terval between buses) and individual bus capacity, can vary 
widely from a few hundred to about 1,500 passengers per 
hour per direction. 

AP Ms 

An APM is a class of public transit characterized by 

• Automatic ( driverless) control, 
•Discrete vehicles that operate on exclusive rights-of-way 

and have nominal capacities of 10 to about 100 passengers, 
•The use of a guideway to control the path of the vehicles , 
•Maximum speeds of 8 to 50 mph, and 
• System capacities ranging from 1,000 to 14,000 passengers 

per hour per direction . 

Moving sidewalks, escalators, and elevators, although some
times referred to as people movers, do not fit the foregoing 
description. 

APMs are proprietary systems, and many technological fea
tures, such as propulsion , suspension, and control subsystems, 
vary considerably between suppliers. 

Four types of APM configurations, shown in Figure 2, are 
usually considered for airport applications: 

1. Single-lane shuttle: One train moves back and forth on 
a single guideway lane. The train reverses direction at each 
end-of-line station. 

2. Dual-lane shuttle: There are two independent guideway 
lanes . One train on each lane moves back and forth, reversing 
direction at each end-of-line station. To provide the highest 
level of service, the train movements are synchronized. 

3. Bypass shuttle: There is a single guideway lane with a 
short dual section to allow trains to pass each other. Two 
trains move back and forth, reversing direction as explained 
above. 

4. Pinched loop: Two parallel guideway lanes connected at 
each end by crossovers form a collapsed loop . Trains cross 
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FIGURE 2 APM configuration concepts. 



Leder 

from one guideway lane to the other and reverse direction. 
The loop configuration permits more than two trains to op
erate at one time. The pinched loop can also operate as a 
single- or dual-lane shuttle. 

Dual-lane shuttle and dual-lane pinched-loop configura
tions are most common at airports because they offer frequent 
service, high capacity, and inherent reliability compared with 
single-lane or bypass configurations. 

Figure 2 shows linear alignments. However, APMs operate 
successfully with horizontal curves with minimum radii of 100 
to 200 ft. 

MOVING SIDEWALKS 

As discussed previously, moving sidewalks provide point-to
point transportation along straight lines at low speeds. A good 
moving sidewalk application is in the United Airlines terminal 
at San Francisco International Airport. The layout is shown 
in Figure 3. 

The 100-ft/min tread speed compares poorly with maximum 
pedestrian walking speed, which is approximately 230 ft/min. 
If it is assumed that passengers walk on a moving sidewalk, 
the cumulative speed is 330 ft/min. However, moving side
walks with standard 39-in. tread widths do not perform well 
with mixed standing and walking traffic. This limitation is 
especially significant in an airport environment because of 
luggage or other carry-on articles that most passengers have 
with them. For standees, these items are typically placed on 
the moving sidewalk tread next to the passenger. They make 
passing maneuvers by walkers, many of whom also have carry-
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FIGURE 3 United Airlines concourse, San Francisco 
International Airport. 

137 

on articles or luggage in their hands or on their shoulders, 
difficult. 

The approximate trip time to cover the 1,450 ft from Point 
A in the main terminal to Point Bat the most remote United 
gate (see Figure 3) is 11.3 min if passengers do not walk on 
the moving sidewalk. That value was calculated by using 100 
ft/min moving sidewalk speed and 230 ft/min walking speed. 
Associated walking distances are significant. Of the total 1,450-
ft trip, about 560 ft (39 percent) is walked. 

With moving sidewalks, access is continuous over time. 
Thus, frequency of service is not a factor unless there is a 
queue at the entry point, where passengers briefly pause when 
making the transition to the moving treadway. 

Because the moving sidewalks are located on the concourse 
level and are a prominent linear element, oriented in the 
direction of travel, wayfinding is straightforward. The use of 
two moving sidewalks operating in the same direction in the 
connecting corridor between the main terminal and the con
course requires simple signs to explain usage. 

As mentioned, luggage or carry-on article accommodation 
on moving sidewalks is a disadvantage in a walk left, ride 
right setup with the 39-in. tread width at San Francisco and 
in common use at other airports. Operation of parallel moving 
sidewalks in the same direction, as in the United connecting 
corridor, allows segregation of those wishing to walk and those 
wishing only to ride. 

Persons in wheelchairs and most other mobility-impaired 
passengers are not able to use moving sidewalks. Some al
ternative form of transportation must be provided. 

At operating speeds of 100 ft/min, moving sidewalks are 
perceived as being safe by almost all passengers. Because they 
are in plain view on the concourse level and lengths are limited 
by building codes, security is not a problem. 

As is evident from Figure 3, moving sidewalks, because of 
their orientation and point-to-point nature, can be an incon
venient barrier to cross-concourse pedestrian movements. It 
is often necessary to walk around the end of a moving sidewalk 
and backtrack to one's destination. This feature is a partic
ularly significant disadvantage at a connecting hub. 

Architectural and structural integration into the terminal 
building is straightforward. It is good design practice to in
crease concourse width to take into account circulation space 
displaced by the moving sidewalk units. 

Moving sidewalks are not flexible. Access points, locations, 
and lengths cannot be changed without major reconstruction 
and its attendant problems of interference with ongoing ter
minal operations. 

Maintenance of moving sidewalks is not complex but does 
require careful planning. Routine and preventive mainte
nance is best accomplished at night, when the units can be 
taken out of service with minimal inconvenience to passen
gers. Any system stoppage during periods of terminal activity 
can cause major inconvenience to passengers, who must walk 
long distances unless there is a parallel unit operating in the 
same direction. 

COURTESY CARTS 

As discussed earlier, courtesy carts are used in two ways. They 
are most frequently provided on demand for the movement 
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of mobility-impaired passengers whose walking capabilities 
are severely restricted and for other passengers making close 
connections. The services are almost always prearranged with 
and provided by the airlines or, in some cases, the airport 
operator. 

This highly specialized service involves relatively few carts. 
They operate in mixed traffic with pedestrians on the aircraft 
boarding-deboarding level of the terminal. Because there are 
not many carts, traffic conflicts are not a serious problem . 
The carts are operated by airline or airport personnel assigned 
to furnish special services to passengers . 

The second use of carts is a unique application in the Amer
ican Airlines east side terminal complex at Dallas-Fort Worth 
International Airport . Figure 4 shows the layout of Terminals 
2E and 3E, which are linked by a narrow connector building. 
The length of these facilities from the north end of Terminal 
2E to the south end of Terminal 3E is 6,100 ft (1.15 mi). 
During connecting bank operations, approximately 12 carts 
are deployed to transport connecting passengers between ar
riving and departing flights . Although mobility-impaired pas
sengers and others with close connections are given priority , 
cart service on a space-available basis is provided to anyone 
who wants it. 

The circulation pattern followed by the cart drivers is based 
on the destinations of the passengers. Thus, from a system 
viewpoint, routes are random. However , an attempt is made 
to distribute the carts so that service to and from all gates is 
provided on a reasonably uniform basis. 

There are no defined boarding or deboarding locations. 
Passengers access the carts much like roving taxis and are 
dropped off at their departure gates through notification to 
the driver. 

On the basis of observations made by Lea+ Elliott in 1988 
with the assistance of American Airlines staff, the average 
system speed is between 3 and 5 mph. Using 4 mph as the 
average system speed and assuming steady-state cart flow 
from one end of the east side terminal complex to the other, 
cart headway is 2.9 min , producing a system capacity of only 
187 passengers per hour per direction . Because of the sto
chastic nature of the cart system, frequency of service and 
system capacity calculations on a steady-state basis do not 
represent the actual quantity of service provided. 

lANDSIDE 

TERMINAL 
2E 
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40 AIRCRAFT PARKING POSITIONS 
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Cart service is not as reliable as other passenger mobility 
technologies that operate on a continuous or regularly sched
uled basis. Obtaining a seat on a cart is similar to finding a 
vacant taxi during a peak period in the central business district 
of a large city. 

Although passengers willingly use the carts, they are not 
popular. Nonusers often become annoyed with the carts dur
ing periods of congestion. The cart drivers compete for floor 
space with pedestrians. Because cart operations conflict with 
pedestrians , they create a significant safety risk . 

Carts require no special building components other than 
parking places and sufficient electric circuit capability for bat
tery recharge. 

Like taxis, carts are flexible. Because there is no dedicated 
infrastructure , they can be deployed in a variety of ways and 
locations to meet passenger demands. Ability to accommo
date growth in activity is, however, limited. Cart saturation 
is reached quick! y, given pedestrian congestion on the shared 
terminal floor. Even with 12 operational carts in the 6,100-
ft-long terminal complex, pedestrian-cart gridlock has been 
observed during busy periods. 

American Airlines recognizes the limitations and disad
vantages of the cart system. A program is under way to re
place this stopgap measure with an upgraded APM, the 
AIRTRANS System, which currently operates in a right-of
way below the concourse level. 

American also offers, as an alternative , bus service between 
Terminals 2E and 3E. The buses operate on terminal frontage 
and airport circulation roadways. Pickup and drop-off points 
are at the upper level terminal curb. 

BUSES 

Buses have been used at Honolulu International Airport for 
the past 27 years to transport passengers and employees. As 
shown in Figure 5, three separate terminals serve overseas , 
interisland, and commuter passengers. The Overseas Ter
minal consists of the Main Overseas Area, Diamond Head 
Concourse, Central Concourse, and Ewa Concourse. 

The airport's Wiki Wiki Bus System is used to transport 
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FIGURE 4 American Airlines east side terminal complex, Dallas-Fort Worth 
International Airport. 
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FIGURE 5 Wiki Wiki bus routes, Honolulu International Airport. 

1. Arriving international passengers to the International 
Arrivals Building for border-crossing functions, including im
migration, customs, agriculture, and public health (these pas
sengers must remain separated from domestic passengers); 

2. Arriving domestic passengers; 
3. Connecting passengers; and 
4. Departing passengers. 

There is a complex series of routes involving mostly exclu
sive right-of-way on the landside and some apron level op
erations for hardstand aircraft positions. These routes are 
generally shown in Figure 5. 

Wiki Wiki buses are specifically assigned to meet each ar
riving international and overseas domestic flight. By prear
rangement, sufficient bus system capacity is allocated to match 
the number of deplaning passengers, all of whom must pro
ceed to the FIS. 

The other bus services are provided on a scheduled basis. 
The frequency of service depends on the time of day and 
demands placed on the system by international arrivals. 

In 1988 the Wiki Wiki buses carried 5.3 million passengers, 
which was about 25 percent of total enplanements and de
planements for that year. Thus, the system is used extensively 
and is an integral aspect of the terminal complex. 

An interesting feature of the Wiki Wiki buses is their ability 
to operate singly or in trains of up to three units. Currently 
there are 15 powered units and 21 trailers. Vehicle capacity 
is given in the following table: 

Description 

Powered unit 
Trailer 

Passengers 

Seated 

17 
23 

Standing 

13 
17 

The total Wiki Wiki work force is composed of 67 persons, 
including 54 drivers. The fleet, routes, and number of stops 
have all increased as the airport has grown. 

There is a wide disparity in the level of service. Arriving 
international and domestic passengers experience short wait
ing times because the buses meet their flights. On the other 
hand, interisland and other passengers experience a low level 
of service with long waiting times of as much as 20 min and 
circuitous routes. 

The buses are not air-conditioned, and ride quality is similar 
to a city bus, with many starts, stops, and curves. In general, 
passenger comfort is low, especially when the buses operate 
at or near capacity. Many passengers, particularly those who 
are transferring or originating at Honolulu, choose to walk 
rather than use the Wiki Wiki buses. 

AP Ms 

APMs are currently in use at eight airports in the United 
States. Seven U.S. airport APMs are in various phases of 
system design, procurement, and implementation (2). 

The APM currently being implemented at the new Denver 
International Airport is an excellent example of how this tech
nology can be used when long distances are involved. Figure 
6 shows the planned layout of the terminal facilities when the 
airport reaches its ultimate capacity of 55 million annual en
planements. An underground APM, operating in a pinched
loop configuration, will link the main terminal and the four 
airside concourses with each other. The distance from the 
center of the main terminal to the APM station in Concourse 
D, the most remote airside concourse, is 6,600 ft. The longest 
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FIGURE 6 Automated ground transportation system, Denver International 
Airport. 

passenger trip, from one end of Concourse D to the center 
of the main terminal, will be 8,600 ft (1.63 mi). 

The APM will provide a high level of service to passengers, 
visitors, and airline and airport employees. Ultimate system 
capacity will be 12,900 passengers per hour per direction. 
Eight trains will operate on headways of 1.83 min. The max
imum trip time from the main terminal to airside Concourse 
D (if the passenger just missed a train at the main terminal 
and therefore must wait one headway) will be 7.3 min. Av
erage trip time (passenger waits one-half headway at main 
terminal station) will be 6.4 min. 

The APM system design will provide a high level of reli
ability through the following features: 

1. System component reliability and redundancy, 
2. A sufficient number of spare vehicles to allow a com

prehensive scheduled maintenance program, 
3. Dual-lane guideway with end-of-line and intermediate 

crossovers to permit continued reduced-service operations 
should a train or guideway component become disabled for 
a prolonged period, and 

4. A continuously available "hot standby train" that can 
replace a disabled train on short notice. 

Passenger acceptance of airport APMs is generally high. 
The systems are fully accessible to the handicapped. 

APMs have an outstanding safety and security record. Pas
sengers perceive the systems to be safe and secure. Security 
features include on-board two-way voice communication be
tween passengers and central control operators and CCTV 
on station platforms. 

Because APMs operate in exclusive rights-of-way, vertical 
circulation requirements associated with stations are a signif
icant facilities design feature. Both static and dynamic signs 
are typically used to aid the passenger wayfinding process. 

An APM requires an exclusive right-of-way, stations, way
side equipment rooms, a central control area, and vehicle 
maintenance facilities. Most APMs are located on overhead 
structures or below grade in tunnels. Thus, significant facili
ties are associated with APMs, and attention to integration 
with other terminal elements and functions is an important 
consideration. 

Many airport APMs are designed for future expansion. For 
example, the dashed lines on Figure 6 show how the Denver 
International terminal facilities and APM guideway will be 
expanded to include a fourth airside concourse. However, 
without adding guideway or stations, capacity can be in
creased by adding cars to trains and decreasing headway to 
a practical minimum of 90 to 100 sec. At Denver Interna
tional, the initial system capacity of 6,000 passengers per hour 
per direction can be increased to 8,300 passengers per hour 
per direction by changing from two- to three-car trains. 

Likewise, capacity can be decreased by using fewer trains 
at increased headway or by operating trains with fewer cars. 
At Denver International , fewer trains will be operated during 
late night and early morning hours, when ridership is expected 
to be only a small fraction of the peak requirement. 

APM systems require a high level of maintenance. Through 
careful planning of facilities and operations, maintenance 
can be accomplished without affecting service. The ability of 
APMs to run at reduced levels of service assists in system 
maintenance. 

SYSTEM EVALUATION CRITERIA 

The previous sections have identified salient features of the 
four passenger mobility technologies, including advantages, 
disadvantages, and limitations. In this section evaluation cri
teria will be organized in an outline. The criteria can serve 
as a useful checklist for planners, designers, and operators of 
airport terminals who have responsibility for analyzing and 
making decisions about passenger mobility systems. 

System Performance 

The following performance criteria can be used to measure 
the functionality of the technologies: 

1. Time consumed by the passenger in using the system, 
which is a function of the speed of the technology and other 
operating characteristics; 

2. Frequency of service, also referred to as headway; 
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3. System capacity, usually measured in passengers per hour 
per direction; and 

4. Reliability of service, a measure of system dependability. 

Passenger Acceptance 

Passenger acceptance, a key consideration, can be evaluated 
by using the following criteria: 

1. Associated walking and vertical circulation require
ments (vertical circulation includes stairways, elevators, and 
escalators); 

2. Passenger wayfinding, accomplished through architec-
ture and signs; 

3. Luggage accommodations; 
4. Use by handicapped persons; 
5. Safety; and 
6. Security. 

Facilities Interfaces 

Passenger mobility technologies cannot be considered as iso
lated systems. They must interface with the terminal buildings 
and related infrastructure. Evaluation criteria consist of 

1. Constructibility, 
2. Architectural and structural integration with other ter

minal components, and 
3. Impacts on other terminal functions. 

Flexibility 

Given the dynamic nature of air transportation, assumptions 
about passenger mobility requirements are often uncertain 
and temporary. Flexibility criteria consist of (a) expandability 
to accommodate growth and ( b) responsiveness to other changes 
in conditions. 

Maintenance 

Each of the mobility technologies requires varying types of 
maintenance. The criteria consist of (a) maintenance com
plexity and (b) impacts on service. 

CONCLUSIONS 

Moving sidewalks can be used effectively to aid passenger 
mobility when the total length of passenger movement does 
not exceed 1,000 to 1,500 ft. The slow treadway speed of 100 
ft/min and the tendency to form barriers to cross-travel move
ments are distinct drawbacks. If walk left, ride right use is a 
serious design goal, either a 55-in. minimum treadway width 
or dual units operating in the same direction are essential. 
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Moving sidewalks can only provide point-to-point travel along 
straight lines. 

Limited numbers of courtesy carts serve an important role 
in assisting handicapped passengers and transporting passen
gers between flights when connecting times are close because 
of late aircraft arrivals. Because they operate in mixed traffic 
with pedestrians on the aircraft boarding-deboarding level of 
terminals, carts are not a viable transportation mode for sig
nificant ridership values. Carts should not be operated on 
fixed routes to transport large numbers of passengers on a 
regular basis. Carts offer flexibility that moving sidewalks and 
APMs do not, because they are maneuverable and do not 
require an exclusive right-of-way. 

Buses for transporting connecting passengers between flights 
have several disadvantages. Because they operate from the 
terminal curb, they are not convenient. Passengers must pass 
through anti-air piracy screening on reentry because they 
leave the sterile area of the terminal. Bus operations involve 
circuitous routes in relation to passengers' arrival and depar
ture gates. Average speed is low, and trip time is high, because 
of the shared right-of-way with other vehicular traffic and 
lengthy dwell times at stops. Poor bus productivity is exac
erbated because traffic congestion related to origin-destination 
passengers occurs during the connecting bank, which is pre
cisely when peak bus activity occurs. 

The use of dedicated bus lanes or exclusive rights-of-way 
displaces valuable roadway space, and, for exclusive rights
of-way, involves high infrastructure costs. 

APMs are best suited to relatively high ridership over route 
lengths in excess of 1,000 ft, though shorter alignments in 
specialized situations should not be ruled out. For example, 
a shorter APM could be useful to meet high peak ridership 
when time is critical. APMs offer a high level of schedule and 
trip time dependability because they use an exclusive right
of-way and their automated operation is not influenced by 
varying human skill levels associated with courtesy carts and 
buses. 

APMs require careful attention to terminal architecture and 
structural engineering. Spatial and functional integration into 
the terminal facilities and related infrastructure is essential. 

To effectively meet air travel demands of the 21st century, 
large airport terminal complexes will incorporate a combi
nation of the mobility technologies discussed in this paper. 
When designed to act synergistically, these technologies, along 
with good planning, architecture, and engineering, will result 
in terminal facilities capable of meeting the challenges that 
lie ahead. 
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Detroit Downtown People Mover 
Maintenance Data: An Overview 

UTPAL DUTTA, RAMAKRISHNA REDDY TADI, AND 

MOHAMMAD S. KESHAWARZ 

The_ Det~oit Downtown People Mover (DPM) has been in op
erat10n smce August 1987. The 1989 maintenance data of DPM 
were reviewed, and an attempt was made to determine the re
lationship between various entities of the DPM maintenance sys
te~. Peak failure was observed during December, so winter 
might have played a significant role in the life cycle of compo
n~nts. Almost equal numbers of repairs were made for each train, 
with one exception. The train control component was the com
ponent most frequently repaired. 

The Detroit Downtown People Mover (DPM) has been in 
operation since August 1987. The DPM is operated and main
tained under a set of rules different from those governing 
other mass transit systems, such as bus, subway, and so forth. 
The maintenance record of DPM during 1989 is reviewed, 
and interesting nomenclature associated with DPM mainte
nance is highlighted. 

BACKGROUND 

The Detroit Transportation Corporation (DTC) owns and 
operates the DPM. Construction began in October 1983 on 
the 2.9-mi (4.6-km), $200.3 million project with 80 percent 
federal and 20 percent state funding. When the project was 
opened for revenue service in July 1987, it became the second 
of its kind in a North American city (Miami's was the first). 
The DPM, which is one of the most technologically advanced 
transportation systems in the world, has 13 stations (1). 

The vehicles on the single-track loop system run in one 
direction (counterclockwise). Round-trip time is approxi
mately 14 min, with 2- to 3-min headways. The DPM operates 
7 days a week. Its operating hours are as follows: 

Day 

Monday-Thursday 
Friday 
Saturday 
Sunday 

Hours 

7:00 a.m.-11:00 p.m. 
7:00 a.m.-midnight 
9:00 a.m.-11:00 p.m. 
Noon-8:00 p.m. 

A computerized control center operates the rail system, 
monitoring the location of each vehicle at all times. Linear 
induction motors propel the cars. Each car accommodates 34 
passengers seated and 66 standing. DTC currently owns 12 
trains. 

U. D~tta, ~epartment of Civil Engineering, University of Detroit, 
Detrmt, Mich. 48221. R. R. Tadi, City of Fontana, 8353 Sierra Av
enue, Fontana, Calif. 92335. M. S. Keshawarz, Department of Civil 
Engineering, University of Hartford, West Hartford, Conn. 06117. 

ORGANIZATIONAL STRUCTURE OF DPM 

The day-to-day management of DPM is carried out by the 
Operation and Maintenance (O&M) division. The O&M di
vision consists of three subdivisions. The breakdown of per
sonnel by subdivision is given in Table 1. 

Maintenance of DPM is performed mostly by O&M per
sonnel. The cost averages approximately $450,000 per month, 
an annual rate of about $5.5 million (2). The trains are subject 
to routine maintenance monthly or every 4,000 mi (whichever 
comes first). However, in the absence of detailed information 
on vehicle miles traveled by each train before failure, various 
analyses were conducted on a monthly basis only. The ratio 
of scheduled routine maintenance to unexpected maintenance 
is 3.5 to 1 (3). 

Maintenance activities are mostly scheduled and monitored 
by the maintenance scheduling department of the O&M di
vision. The maintenance facility is located next to Times Square 
Station and includes two maintenance bays each capable of 
holding three trains for all vehicle maintenance; an automatic 
train control laboratory with first-, second-, and some third
level repair equipment; and an electronics laboratory with 
test setups for fare collection, vehicle doors, closed circuit 
television, on-board communication, and propulsion. General 
work areas for steam cleaning, welding, and drilling are also 
provided. The facility runs 24 hr per day and consists of three 
shifts: 7:30 a.m.-3:30 p.m. (Shift 1), 3:30 p.m.-11:30 p.m. 
(Shift 2), and 11:30 p.m.-7:30 a.m. (Shift 3). 

Most repairs other than services warranted by the manu
facturer are performed in-house. The location of various 
maintenance activities is shown in Figure 1. 

RELATIONSHIP BETWEEN DPM AND 
DIFFERENT ACTIVITIES 

A people mover may be classified into one of three types: 
active (operative and in service), transitional (operative and 
in service by means of a redundant system), or failed (not in 
operation because of prime or redundant system failure). The 
day-to-day status of a train in relation to the maintenance 
facility can be described as follows: 

1. An "active" people mover is in service. 
2. When a problem arises, the maintenance facility is in

formed. Switch to redundant system if possible and keep run
ning, or tow the failed syslem Lu lhe maintenance facility. 
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TABLE 1 PERSONNEL BREAKDOWN BY DIVISION (3) 

Division Subdi vi-sion Total 

Operation and Operations 
Maintenance 

Maintenance 

Administration 

STORAGE TRACK 
TRANSITION 

ZONE 

Staff in Subdivision No. 

15 

39 

7 

TRANSITION 
ZONE 

BARRIER 

1 
5 
9 

1 
5 

13 
10 
8 
1 
1 

1 
1 
3 
1 
1 

RECOVERY 
VEHICLE TRACK 

category 

Manager 
Supervisors 
Control Operator 

Manager 
Supervisors 
Electronic Technicians 
Mechanical Technicians 
Utility Worker 
Maintenance Schedule 
Date Clerk 

Manager 
Supervisor 
Store Keeper 
Accounting 
Administrator 

VEHICLE WORK STATIONS 
(FIRST LINE MAINTENANCE) 

\ ' I : d 
, ' I 

SW1 ..--- - -CJ·· " 

/ 

i 
I \ SWl 

I 
TIMES SQUARE STATION CAR WASH BYPASS VEHICLE CLEANING POWER COLLECTOR 

TRACK AND INSPECTION INSPECTION AREA 

• NORTH 

FIGURE 1 DPM maintenance facility. 

3. A quick-repair person (QRP) is on the train while the 
train is still running. 

4. The QRP inspects the failed item and if possible repairs 
or replaces it. 

5. If the QRP cannot repair or replace the failed item on 
the train, the train is still running on a redundant system. 

6. At the end of the day, the train returns to the service 
station for preventive maintenance. 

7. In the maintenance facility each train is categorized as 
follows: requires preventive maintenance to be scheduled dur
ing Shifts 1, 2, or 3; failed components to be repaired inter
nal! y during Shifts 1, 2, or 3; or failed component is warranted 
and will be repaired by the manufacturer. 

8. Repair work is being documented. 
9. Train is returned to service. 

A schematic diagram of the day-to-day DPM activities is pre
sented in Figure 2. 

DESCRIPTION OF DPM MAINTENANCE SYSTEM 

DPM maintenance data are stored in a mainframe computer. 
Typical maintenance data include work order number, train 
number (there are 12 trains providing daily service), date work 
was performed, shift during which the work was performed, 
name of the mechanic, and codes representing the type of 
work that was performed (reason, item, and action codes). 

FACILITY 

For example, C is a reason code indicating corrective main
tenance, BM is a component code indicating battery monitor, 
and R is an action code indicating repaired. Therefore, C BM 
R means that a defective or malfunctioning battery monitor 
was repaired on the vehicle shown in the train number field. 

The O&M division keeps track of repair work by assigning 
codes given in Tables 2 to 5. 

REVIEW OF 1989 DPM MAINTENANCE DATA 

Maintenance records of D PM were obtained from DTC. Type 
of component failure, train number, shift, and repair action 
information were coded and keyed into the computer. SPSS 
software was used to determine the relationship between var
ious elements of DPM maintenance activities. Characteristics 
of DPM maintenance data are presented and discussed in the 
following sections. 

Frequency of Repairs by Month 

During 1989, 5,374 repairs were done on the 12 trains. Num
bers of repairs by month and by train are shown in Figures 3 
and 4 and Table 6. The data indicate that the month with the 
largest number of repairs was December (727, or 13. 3 percent 
of all repairs), followed by August (666, or 12.4 percent). 
The month with the smallest number of repairs was February 
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People Mover in Daily Run 

Problems Encounter as Evidence by Signal TOWED TO GARAGE 

CALL FOR HELP(i.e. QUICK RESPONSE MECHANICS) 

able to fix t w th n 
the train (While train 
is still running) 

Return to Garage the 
end of day 

QRH ON 11HE TRAIN 

TYPE OF PROBLEMS AND ACTIONS 

CAN NOT FIX WITHIN THE TRAIN 
BY QRM 

WAIT TILL THE END OF DAY 

Return to Garage 

CAN NOT FIX WITHIN THE TRAIN 
BY QRM 

Manufacturer warranty 
can not fix it by the 

.in t ernal. Mechanlcs 

Perform daily PM Repair i nternally duri ng Shifts 1, 2, or J Repair by Manufacturer 

DOCUMENT REPAIR ACTIVITIES ,__~~~~~~~~~~ 

FIGURE 2 Day-to-day status of DPM. 

TABLE 2 TRAIN CODE 

TRAIN VEHICLE # CODE 

1 Vl 

2 V2 

3 VJ 

4 V4 

5 vs 
6 V6 

7 V7 

B VB 

9 V9 

10 VlO 

11 Vll 

12 Vl2 

(263, or 4.9 percent), followed by April. In January the train 
with the highest number of repairs was Train 5. In February, 
May, and September it was Train 3; in March and April it 
was Train 10; in June and December it was Train 6; in July 
and October it was Train 12; in August it was Train 9; and 
in November it was Train 11. 

Frequency of Repairs by Shift 

Data were studied to determine whether any relationship ex
ists among numbers of repairs by month, train, and shift. The 
findings are given in Tables 7 and 8 and in Figures 5 and 6. 
A review of Tables 7 and 8 indicates that 48 percent of the 
repairs were done during Shift 3, followed by Shift 1 (39.3 
percent) and Shift 2 (12.7 percent). The train with the largest 
number of repairs was Train 9 ( 503 repairs), followed by Train 
12 (480) and Train 7 (475). The largest percentage of repairs 

TABLE 3 REASON CODE 

CODE DESCRIPTION 

p PREVENTIVE MAINTENANCE (PM) 

c CORRECTIVE MAINTENANCE 

I INCORRECT MAINTENANCE 

R ROUTINE MAINTENANCE 

z SUBSEQUENT FAILURE 

J COMSYST NO RESPONSE 

B INTERMITTENT FAILURE 

N SCHEDULED PM INSPECTION 

D TESTING INDUCED 

w WAYSIDE INDUCED 

K PATRON INDUCED 

T TRAIN INDUCED 

M MODIFICATION 

H ALARM 

G INFO/DATA 

0 STARTER 

v VANDALISM 

x ACCIDENT 

s SEASONAL 

F FAILURE 

A ACCESS 

E TIMEOUT 

L LOOSE 

Q GROUND FAULT 

was done during Shift 3 on Train 3, during Shift 2 on Train 
2, and during Shift 1 on Train 6. For Shift 3 the month with 
the most repairs was March, followed by August and Decem
ber. For Shift 2 it was November, and for Shift 1 it was 
December. 
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TABLE 4 ACTION CODE 

Code DESCRIPTION 

F FINISHED 

I INSPECT 

R REPAIR 

c CLEAN 

T TEST 

M MODIFY 

p ASSIST 

Q INSTALL 

L LUBRICATE 

E EXCHANGE 

A ADJUST 

x RESET 

H HOLD 

K TAG OUT 

D DATA DUMP 

N NO FAULT FOUND 

G SPECULATION 

u UNFINISHED 

I INVENTORY 

B BLEED SYSTEM 

w AWAITING PARTS 

0 RIDE VEHICLE 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

MONTH 

FIGURE 3 Frequency of repairs by month, 1989 DPM 
maintenance data. 
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TABLE 5 COMPONENT CODE 

CODE NAME OF COMPONENT 

BM BATTERY MONITOR 

CB CARBO DY 

CM COMMUNICATION 

CP COUPLER 

DB DISC BRAKE 

DC CONVERTER 

ED END DOORS 

EL/IL EXTERIOR/INTERIOR LIGHTING 

HA HVAC 

HM HEALTH MONITOR 

L INTERIOR LIGHTING 

PC POWER COLLECTOR 

PD PASSENGER DOOR 

PR PROPULSION 

PV PARTIAL VEHICLE INSPECTION 

TB TRACK BRAKE 

TC TRAIN CONTROL 

TR TRUCK 

VE VEHICLE ELECTRONICS 

23456789101112 

TRAIN NUMBER 

FIGURE 4 Frequency of repairs by train, 1989 DPM 
maintenance data. 

TABLE 6 REPAIR FREQUENCY FOR 1989 BY TRAIN AND MONTH 

Train# Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 

1 33 9 47 15 53 33 33 78 18 30 38 46 433 

2 30 22 54 27 50 38 43 34 40 26 20 84 468 

3 14 54 69 13 78 19 20 53 41 36 27 48 472 

4 21 13 39 31 31 32 20 44 32 27 20 53 363 

5 44 30 39 27 37 38 36 37 28 30 41 67 454 

6 39 19 27 24 43 50 20 57 24 23 22 86 434 

7 34 28 65 26 47 47 28 48 25 37 28 62 475 

6 40 20 54 31 36 31 15 57 18 37 19 68 426 

9 26 20 41 25 64 35 36 101 19 27 35 74 503 

10 13 18 88 31 60 39 22 42 18 39 19 56 445 

11 38 8 40 14 54 35 33 60 13 24 62 40 421 

12 41 22 36 21 51 33 47 55 32 49 50 43 480 

l 373 263 599 285 604 430 353 666 308 385 381 727 5374 
) (6.9) (4.9) C11. 1 l (5.3) C11.2l (8.0) (6.6) C12.4) cs. 7l (7.2 ) (7. ll ( 13.5> 
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TABLE 7 DPM REPAIRS FOR 1989 BY MONTH AND SHIFT 

Month Shift Total 
1 2 3 

No. (%) No.(%) No.(%) 

January 110(29.5) 14 (3. 8) 249(66.8) 373 
February 54(20.5) 23(8.7) 186(70.7) 263 
March 160(26.7) 81(13.5) 358(59.8) 599 
April 108 (37 .9) 58(20.4) 119(41.8) 285 
May 328(54.3) 29(4.8) 247(40.9) 604 
June 228(54.3) 21(4.9) 181(42.1) 430 
July 156(44.2) 51(14.4) 146(41.4) 353 
August 218(32.7) 101(15.2) 347(52.1) 666 
September 106(34.4) 55(17.9) 147(47.7) 308 
October 177(46.0) 68(17.7) 140(36.4) 385 
November 138(36.2) 117(30.7) 126(33.1) 381 
December 328(45.1) 65(8.9) 334(45.9) 727 

Total 2111(39. 3) 683(12.7) 2580(48.0) 5374 

TABLE 8 REPAIR FREQUENCY FOR 1989 BY TRAIN AND SHIFT 

Train Shift Total 
1 2 3 

No. (%) No.(%) No.(%) 

1 155(35.8) 65 (15) 213(49.2) 433 
2 191(40.8) 69(16.7 208(44.4) 468 
3 147(31.1) 63(13.3 ) 262(55.5) 472 
4 148(40.8) 49(13.5) 166(45.7) 363 
5 183 ( 40.3) 48(10.6) 223(49.1) 454 
6 210(48.4) 34 (7. 8) 190(43.8) 434 
7 167(35.2) 60(12.6) 248(52.2) 475 
8 173(40.6) 57(13.9) 196(46.0) 426 
9 181(36.0) 67(13.3) 255(50.7) 503 

10 194(43.6) 49(11.0) 202(45.4) 445 
11 173(41.1) 56(13.3) 192(45.6) 421 
12 189(39.4) 66(13.8) 225(46.9) 480 

Total 2111(39.3) 683(12.7) 2580(48.0) 5374 
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FIGURE 5 Repairs by month and shift, 1989 DPM maintenance data. 
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FIGURE 6 Repairs by train and shift, 1989 DPM maintenance data. 

Component Failure by Train, Shift, and Month cent). PR was the most frequently failed component for Trains 
5 (99, or 21.8 percent) and 9 (140, or 27.8 percent). 

Maintenance data were stored in 19 component categories in 
the data base (see Table 5). The data were reviewed to de
termine the number of repairs by component type. The find
ings of this analysis are presented in Tables 9 and 10 and in 
Figure 7. A plot of component type versus mean time between 
failures is shown in Figure 8. Tables 9 and 10 and Figure 8 
indicate that TC was the component that failed most fre
quently (1,078 times), followed by PR (913 times) and TR 
(562 times). The shortest mean time between failures was 
observed for TC (0.58 weeks), followed by PR (0.68 weeks). 
In Shift 1, TC was repaired or replaced 456 times. TC was 
also the most frequently failed component in Shift 2. In Shift 
3 PR was the most frequently failed component (552 times). 
TC was responsible for most of the failures on Trains 1 (112, 
or 25.9 percent), 2 (97, or 20.7 percent), 3 (79, or 16.7 per
cent), 4 (77, or 22.2 percent), 6 (78, or 18.0 percent), 7 (102, 
or 21.5 percent), 8 (76, or 17.8 percent), 10 (93, or 20.9 
percent), 11 (87, or 20.7 percent), and 12 (122, or 25.4 per-

SUMMARY OF FINDINGS 

The DPM is an "activity center circulation" system, signifi
cantly different from a conventional line-haul transit facility 
in its use (3). Using the year of data, various relationships 
among the elements of maintenance activities were reviewed 
and analyzed for this unique transportation system. The con
clusions are as follows: 

1. The month with the largest number of repairs was De
cember (727), mostly in Shifts 1 and 3, followed by August 
( 666). The largest number of repairs may be in December 
because of severe winter weather conditions. 

2. The shift with the largest number of repairs was Shift 3 
( 48 percent). This appears logical because most of the trains 
are not in service during Shift 3. 

TABLE 9 REPAIR FREQUENCY FOR 1989 BY COMPONENT 
TYPE AND SHIFT 

Component- Shift Total 
Type 1 2 3 No. 

No.(%) No.(%) No.(%) (%) 

BM 52(35.1) 19(13.3) 74( 51.7) 145(2.7) 
BP 0 0 2(100) 2(0.0) 
CB 65(60.2) 11(10.2) 32(29.6) 108(2.0 ) 
CM 38(21.8) 45 ( 25.9) 91 ( 52.3 ) 174(3.2 ) 
CP 103 ( 56.3) 13(7.1) 67(36.6 ) 183(3.4 ) 
DB 188 (37 .1) 39(7.7) 280(55.2 ) 507(9.4 ) 
DC 66(51.6) 19 ( 14.8) 43(33.6 ) 128(2.4 ) 
ED 39(50.6) 10 ( 13.0) 28(36.4) 77(1.4) 
HA 160 ( 44.9) 47 ( 13.2) 149 ( 41. 9 ) 356(6.6) 
HM 18(27.7) 15(23.1) 32 ( 49.2 ) 65(1.2) 
PC 21(30.4) 0 (0. 0) 48 ( 69.6 ) 69 (1. 3) 
PD 93(24.8) 42(11.2) 240(64.0 ) 375(7.0) 
PR 302(33.1) 59(6.5) 552 ( 60.5 ) 913(17.0) 
TB 67 ( 48.6) 13 ( 9.4) 58 ( 42.0 ) 138(2.6) 
TC 456 ( 42.3) 280 ( 26.0) 342 (31. 7 ) 1078 (20.1) 
TR 262 ( 46.6) 36 ( 6.4) 264 ( 47.0 ) 562(10.5) 
VE 107 ( 61.1) 18(10.3) 50 ( 28.6 ) 175(3.3) 

EL/IL 74 ( 23.2) 17 ( 5.3) 228 ( 71. 5 ) 319(5.9) 

Total 2111 (3 9.3 ) 683 ( 12.7 ) 2580 (48.0 ) 5374 



TABLE 10 REPAIR HISTORY BY COMPONENT TYPE AND TRAIN 

TRAIN# 

BM BP CB 

1 2 - 10 
.. 5 2 .• 3 

2 20 11 
4.3 2.4 

3 4 13 
.8 2.8 

4 11 . 12 
3.1 3 ,3 

5 16 2 7 
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6 10 7 
2.3 1.6 

7 13 - 8 
2.7 1.7 

8 29 10 
6.8 2.3 

9 19 10 
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10 4 - 4 
0.9 0.9 

11 9 6 
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12 8 10 
1.7 2.1 

CH 

17 
3._9 

17 
3.6 

16 
3.4 

12 
3.3 

21 
4.6 

11 
2.5 

14 
2.9 

7 
1.6 

15 
3.0 

15 
3.4 

17 
4.0 

12 
2.5 

N 
0 

0 800 F 

T 
0 
T 
A 
L 

R 
E 
p 
A 
I 
R 
8 

200 

REPAIR fREClUENCY/PERCENT BY COMPONENT TYPE 

CP DB DC ED HA HM PC PD PR TB TC TR 

12 30 7 1 25 8 6 46 57 9 112 47 
2.8 6.9 1.6 .2 5.8 1.8 1.4 10.6 13.2 2. 1 25.9 10.9 

13 51 7 8 24 11 4 43 73 10 97 38 
2.8 10.9 1 .5 1.7 5. 1 2.4 .9 9.2 15.6 2.1 20.7 8.1 

18 51 5 16 34 7 3 17 107 16 79 44 
3.8 10.8 1. 1 3.4 7.2 1.5 0.6 3.6 22.7 3.4 16.7 9.3 

13 20 7 6 28 - 6 26 43 11 77 58 
3.6 5.5 1.9 1.9 7.7 1.7 7.2 11.8 3.0 21.2 16.0 

13 34 7 6 39 9 4 31 99 12 68 44 
2.9 7.5 1 .5 1.3 8.6 2.0 .9 6.8 21.8 2.6 15.0 9 . 7 

21 57 14 3 34 4 8 28 74 7 78 39 
4.8 13.1 3.2 .7 7.8 .9 1.8 6.5 17. 1 1.6 18.0 9.0 

15 37 22 4 26 7 4 42 80 13 102 40 
3.2 7.8 4.6 .8 5.5 1 .5 .8 8.8 16.8 2.7 21.5 8.4 

16 47 27 4 26 1 7 31 51 14 76 43 
3.8 11.0 6.3 0.9 6. 1 .2 1.6 7.3 12.0 3.3 17.8 10.1 

19 30 9 6 31 3 9 38 140 7 87 45 
3.8 6.0 1.8 1.2 6.2 0.6 1.8 7.6 27.8 t.4 17.3 8.9 

9 60 8 6 33 5 8 25 64 11 93 56 
2.0 13.5 1.8 1.3 7.4 1. 1 1.8 5.6 14.4 2.5 20.9 12.6 

11 48 10 8 35 6 6 25 40 11 87 56 
2.6 11.4 2.4 1.9 8.3 1.4 1.4 5.9 9.5 2.6 20.7 13.3 

23 42 5 9 21 4 4 23 85 17 122 52 
4.8 8.8 1.0 1.9 4.4 0.8 0.8 4.8 17.7 3.5 25.4 10.8 

BM CB CM CP DB DC ED HA HM PC PD PR TB TC TR VEEL/IL 
COMPONENT NAME 

FIGURE 7 Repairs by component type, 1989 DPM maintenance data. 

VE EL/IL TOTA.L 

12 32 433 
2.8 7.4 

16 25 468 
3.4 5.3 

17 25 4n 
3.6 5 •. 3 

9 24 363 
2.5 6.6 

16 26 454 
3.5 5.7 

15 24 434 
3 .5 5.5 

22 26 475 
4.6 5.5 

9 28 426 
2. 1 6.6 

10 25 503 
2.0 5.0 

17 27 445 
3.8 6.1 

13 33 421 
3.1 7.8 

19 24 480 
4 5 
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FIGURE 8 Mean time between failures, 1989 DPM maintenance 
data. 

3. Because the smallest number of repairs was done during 
Shift 2, it is recommended that repairs be limited to Shifts 1 
and 3. Thus, as a cost-saving measure, Shift 2 could be elim
inated. However, the implications on labor relations should 
be fully explored before closing Shift 2. 

4. Except for Train 4, which had the fewest repairs (363), 
trains had almost equal numbers of repairs (see Figure 4). 
Maintenance data for 1989, which is almost 2 years after the 
initiation of the DPM, were reviewed. Thus, the data rep
resent the steady-state condition of the failure curve. The 
steady-state condition was evident from the almost equal num
ber of repairs for all trains. 

5. TC was the most frequently failed component (1,078 
times), followed by PR and TR. Sufficient stocks of these 
components should be maintained. It is recommended that 
most emphasis be placed on TC. 

Operating cost data could not be obtained. In addition, the 
time between failure and repair was not kept by the DPM 
authority, so no attempt was made to study downtime and 
cost factors. 

For further research, it is recommended that the cost of 
component failure be considered (if cost data are available) 
and that the most cost-effective maintenance strategy be iden
tified. This could save thousands of dollars, create a positive 
image of this state-of-the-art technology, and encourage other 
cities to consider such a circulation system. 
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