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Exploring the Land Use Potential of Light Rail Transit 
ROBERT CERVERO 

ABSTRACT 

The potential role of light rail transit in 
influencing urban growth and revitalizing 
central city areas is explored. Land use 
characteristics of cities that have recently 
built or are planning light rail systems are 
examined. Specific development strategies 
designed in response to new or anticipated 
light rail investments are also reviewed. In 
order to probe some of the key factors re­
lated to the urban development potential of 
light rail transit, 12 study sites are ex­
amined in more detail. 

Some 20 or so North American cities have recently 
built, are building, or are planning to build light 
rail transit (LRT) systems. The potential impacts of 
these investments on city form, downtown redevelop­
ment, and urban densities are important to transpor­
tation planners. In particular, exploiting opportu­
nities for joint public and private development 
around station sites will be crucial if there is to 
be significant land use impact. 

By improving access along a corridor, LRT, like 
any other fixed-guideway system, has the potential 
to attract and cluster new development around sta­
tion sites and to rejuvenate declining areas. Be­
cause LRT generally has poorer performance charac­
teristics (e.g., in terms of speed and regional 
coverage) than heavy rail systems, its overall city­
shaping abilities could be expected to be less. One 
might ask, then, what lessons San Francisco's Bay 
Area Rapid Transit (BART) , Washington's Metrorail, 
and other recent heavy rail investments provide on 
how LRT systems can be planned and designed to ef­
fectively promote regional development objectives? 
Studies during the past decade have consistently 
shown that rail transit can have a significant ef­
fect on shaping urban form and land uses only if 
integrated with local prodevelopment policies (1,2). 
Zoning, taxation, and joint-development incenti;es 
are particularly important. Other necessary condi­
tions are a strong regional economy, the availabil­
ity of land that is easily assembled and developed, 
citizen support, a hospitable physical setting (in 
terms of aethestics, ease of pedestrian access, 
etc.), and the existence of some automobile dis­
couragements (e.g., limits on new highway construc­
tion and downtown parking restrictions). 

Besides these factors, it is also necessary that 
an urban setting meet minimum land use requirements 
to ensure that there is sufficient demand to warrant 
light rail investments. Pushkarev and Zupan (1,!l 
have estimated these minimum warrants employing 
national data on LRT's capital and operating costs, 
average fare levels, and land use trip generation 
rates. To justify an LRT line that operates with 
5-min headways during rush hour, Pushkarev and Zupan 
suggest the following minimum thresholds: 

1. A cluster of nonresidential activity downtown 
or elsewhere (e.g., office, retail, hotel) of 25 to 
50 million ft 2 of floor space and 

2. Residential densities averaging at least 9 
dwelling units per residential acre in a corridor of 
25 to 100 miles•. 

They conclude that as many as 30 urban areas in the 
United States are valid candidates for LRT based on 
these criteria. Some of the recently constructed or 
planned North American LRT projects are examined in 
relation to Pushkarev and Zupan's warrants later in 
this paper. 

TWELVE RECENT LRT PROJECTS 

Streetcar and trolley lines have existed in Pitts­
burgh, Philadelphia, Boston, and five other North 
American cities since the mid-1930s or earlier (5). 
LRT, essentially a modern-day version of turn-o f­
the-century streetcar technology, is today being 
heralded by many as a moderate-cost alternative to 
heavy rail investments. Indeed, interest in LRT has 
gained tremendous momentum in recent years. Edmon­
ton's 1978 opening of its northeast line ushered in 
the first of the recent wave of light rail projects. 
Calgary and San Diego began their service just 3 
years later. New systems are now under construction 
in Buffalo, Portland, and Vancouver. Some dozen or 
more other systems and extensions are also at var­
ious stages of planning and preliminary engineering. 
They range in size from Boston's proposed 7-mile 
Lechmere Extension and Roxbury Line replacement to 
Denver's 77-mile, BS-station regional system. A 
number of the new projects and extensions are being 
proposed in rapidly growing areas, notably San Jose, 
Sacramento, Orange County, Columbus, Calgary, and 
Salt Lake City, where the land use and development 
potential of LRT could be significant. 

To explore the urban development potential of 
LRT, information was compiled on areas that have 
constructed, are constructing, or are planning LRT 
projects or extensions from 1978 to the present. 
(Areas still conducting alternatives analyses or at 
the pre-route-level planning stage were not 
studied.) Questionnaires elicited background infor­
mation from local officials responsible for planning 
and managing their area's LRT projects and related 
land use programs. Twelve fairly complete question­
naires were returned from among the 17 sent out. 
This response rate was considered quite high given 
the somewhat preliminary nature of some projects. 
Responses were obtained from Buffalo, Boston, 
Calgary, Columbus, Denver, Orange county, Pitts­
burgh, Portland, Sacramento, San Diego, San Jose, 
and Toronto. In the remainder of this paper various 
planning efforts being carried out in these 12 areas 
to assess the urban development potential of LRT are 
examined. 

LRT AND LAND USE PLANNING 

Operating and Financial. Characteristics 

The 12 study sites offer a range of LRT environments 
in terms of right-of-way, operating, and financial 
characteristics. From Table 1, it is seen that both 
exclusive and semiexclusive or mixed-traffic rights­
of-way are or will be used to varying degrees. 
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TABLE 1 Operating and Financial Characteristics of 12 Recently Constructed or Planned LRT 
Systems 

Funding Characteristics 
Operating l'eatures 

Right-of-Way (miles) Percentage of 
Avg Peak Capital Costs Percentage 

Mixed or Speed" Headwaysd Locally State of Fairbox 
System Exclusive8 Semiexclusiveb (mph) (min) Financed Recoverye 

Built 
Calgar/ 7.0 20.3 8-24 s 100 41 
San Diegog 0.0 I 5.9 15-30 IS 100 82 

Under construction 
Buffalo 5.2 1.2 12-22 6 20 48 
Pittsburgh 12.0 12.9 2CJ..35 1-3 20 so 
PortlandS 0.0 JS . I 20-45 5-10 IS NA 
Toronto 0.5 3.8 12-20 17 100 68 

Planned 
Sacramento 5.4 12.9 10-30 15 27 75 
San Jose 4.0 15.7 7-30 5-10 49 so 
Columbus 1.8 8.7 10-35 7-10 NA 40 
Orange County 29.0 12.S 20-30 5-10 NA 70 
Denver 54.0 23.0 20-30 s NA 80 
Boston NA NA 11-23 3-4 20 NA 

8Exclusive rl1tlHS·O r-,._iay a.re those ttuu are or will be tornll)I grade sep11r[lted, such as .subway or aerial ei t ructurci,.. 
bSemiexclu1lvc ri)ih U•Of-w·ay are tho.le that have som.o modt.•st entry Controls (e.g., curbi;:d or raised m1:d!tsn, inaH, traffic preemption); 

mixed rights-of-way involve surface street operation in mixed traffic. 
cSpeed ranges are for downtown sections on the low end to outlying se1ments on the high cud. 
dPeak headw1:1ys signify the n.vcm1ge minutes between LRT trains durJni the morning and eVchlng peak periods. 
; F~rabox rt;covcry equals passenger revcnul:1 divided by operating expenses. F;gures are either actual current rates or anticipated rates. 

lnc:lutlc.> current system aod ru1urc extcn)IOns. 
gData only for existing system. Information on planned extensions is not available. 

Buffalo's LRT, for instance, will run underground 
for more than 80 percent of the 6. 4-mile system, 
whereas Portl and's Banfield Line will operate almost 
totally as a separate surface track, although in 
mixed-traffic surroundings. Exclusive rights-of-way 
(e.g., subway and aerial) are currently or will make 

up roughly 35 percent of the total alignments of the 
11 sites for which data were available. Likewise, 
existing and projected operatinq speeds and headways 
differ markedly, from 7 to 35 mph and from 1- to 
15-min intervals between trains. 

With regard to funding, most projects anticipate 
receiving substantial federal support to finance 
construction and capital acquisitions. Only the 
Canadian systems and San Diego in the United States 
have used nonfederal sources exclusively for financ­
ing capital costs. San Diego, however, is seeking 
feaeral aia to help finance future extensions to El 
Cajon and Point Loma. Finally, existing and pro­
jected farebox recovery rates (passenger revenues 
divided by operating costs) r ange from 40 to 82 
percenti the average for 10 of the systems is just 
over 60 percent. It is apparent that some LRT opera­
tions expect to be heavily dependent on government 
subsidies to help offaet future operating expenses. 

Land Use Characteristics 

A variety of land uses--residences, stores, offices, 
and industries--lie within the corridors of all 12 
LRT study areas. Urban densities vary somewhat, and 
some have far greater shares of mixed land uses than 
others. Data from Table 2 (4, Exhibit 3.13) reveal 
that residential densities - vary from 6 dwelling 
units per developable acre along Sacramento's north­
east corridor to more than 50 in the case of Bos­
ton• s Lechmere Extension. Most projects meet Push­
karev an_d Zupan' s minimum threshold of nine dwelling 
units per acre, though several fall below it. Be­
cause Calgary averages 40,000 passengers per average 
weekday with a comparatively low residential den­
sity, however, these criteria are only general rules 
cf thumb. 

TABLE 2 Land Use Characteristics of Cities with Recently 
Constructed or Planned LRT Systems (4) 

Avg Dwell-
ing Units/ Downtown Segment 
Residential 
Acre Along Nonresidential CBD 
Corridor of Floor Space Land 
Residential in CBD 3 Areab CBD LRT 

S}~!!te..T. ~<>ogrn<>ont {ft
2 000,000s) (:!ere£) A HgnrnP.nt 

Built 
Calgary 8 26 500 Mall and sub-

W2.}' 

San Diego 9 25 1,200 Surface 
Under construction 

Buffalo 8 26 900 Mall 
Pittsburgh c 12 40 400 Subway 
Portland 9 25 640 Mall 
Toronto< 12 3d 500 Aerial 

Planned 
Sacramento 6 12 640 Mall 
San Jose 13 s 640 Mall 
Columbus 9 21 550 Surface 
Orange County 12 40° 4,200e Aerial 
Denver 9 36 1,200 Subway 
Bastone 55 66 640 Subway 

Noto: Somo data from aurvoy rooponooa ond loool inventoriec, 

aNonresidentiu l includes office, retail, hotel , government, and industrial land uses. 
bl 983 estim.1 tc.,. 
c Extension or modernization. 
dCBD floor space is for the &arborough Town Centre. Downtown Toronto's nonresiden· 

tlal floor space exceeds 100 million ft 2. 
eCBD floor space and land area for Orange County are for 10 urban centers of varying 

sizes, lhe largest L,eing Sauh1 Ami und Anuhelm. 

Far fewer areas meet the minimum requirement of 
25 million ft 2 of nonresidential floor space in 
the downtown area. It is significant that Pushkarev 
and Zupan identified this factor as being the most 
important simply because there needs to be a sub­
stantial and vital central core to attract paying 
customers. Not counting Orange County, five of the 
areas fall at or below this mark. Though Orange 
County has more than 40 million ft 2 of centralized 
nonresidential floor space, it is spread over 10 
subcenters scattered throughout the region. Given 
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the relatively low intensity of downtown activities 
in some of these areas, it becomes particularly 
important that concerted land use and joint develop­
ment planning be carried out if LRT operations are 
to be successful. The integration of LRT with down­
town malls by a significant share of areas is en­
couraging in this regard. 

Possibilities for Urban and Joint Development 

LRT officials were questioned regarding the possi­
bilities for urban and joint public and private 
development around stations. Two-thirds of the 
officials indicated that LRT was or is being planned 
as part of a larger downtown redevelopment effort. 
Light rail is also being coordinated with develop­
ment and redevelopment activities elsewhere along 
the corridor in 10 of the 12 cases, according to 
respondents. It is noteworthy, however, that all 
indicated that a concerted effort either was or 
might possibly be initiated to encourage private 
investment and joint development around LRT sta­
tions. Clearly this reflects a strong commitment to 
private-sector involvement and perhaps an apprecia­
tion of the current political mood in the United 
States and Canada. 

Eight of the 12 study areas have used or are 
strongly considering a variety of specific land use 
strategies to stimulate private development around 
LRT stations (Table 3), The most frequently cited 
strategy involves parking controls--either physi­
cally reducing the number of downtown spaces or 
relaxing minimum requirements in local zoning ordi­
nances. Major capital improvements (e.g., new sewer 
facilities) and public lease or sale of land were 
being used or considered for attracting private 
investment by one-quarter of the areas. Less fre­
quently cited strategies were air rights develop­
ment, tax increment financing, zoning revisions, 
provisions for pedestrian amenities, the creation of 
special transit development districts or author­
ities, and the granting of density bonuses. It is 
noteworthy that automobile disincentives, such as 
parking controls, are being used or considered so 
extensively, at least in contrast to more positive 
land use incentives, This undoubtedly reflects the 
belief that transit ridership can be maximized and a 
transit-oriented downtown can be more effectively 
established by limiting automobile entry (via park­
ing restrictions) than by almost any other strategy. 

LANO USE ISSUES 

The 12 study sites offer unique settings for examin­
ing issues regarding LRT and urban development. In 
this section land use issues surrounding these 12 
LRT proj ects are summarized , focusing on those 
factors t hat could prove most important in shaping 
the urban development outcomes of future LRT in­
vestments. 

3 

Sites with Existing LRT Systems 

Calgary 

Calgary's current 7.7-mile LRT system, along with 18 
miles of extension, holds considerable land use 
promise. Calgary itself is a fast-growing city of 
620,000 that has enjoyed the spin-off from the oil 
industry boom throughout western Canada. It func­
tions as a major regional center and, unlike many 
similar-sized cities, has a well-defined, intensely 
developed central business district (CBD). One-third 
of all regional employment (82,000 workers) is in 
downtown Calgary. Office construction continues 
around the clock to meet the growing demand for 
central city location. 

Perhaps more than any area, Calgary has embarked 
on a concerted effort to make the downtown area a 
truly transit- and pedestrian-oriented environment, 
The 1981 initiation of LRT services in a downtown 
mall setting represented just one element of an 
overall plan to increase by 1990 the share of CBD 
trips made by transit to 55 percent (1). Other key 
strategies have involved regulatory parking reforms, 
the use of density bonuses, and major downtown 
public investments. Calgary has reduced minimum 
parking requirements by as much as 80 percent for 
buildings that connect to light rail stations and 
also allows cash payments in lieu of parking to help 
finance public parking structures and pedestrian 
improvements. our ing the past decade, downtown 
parking has declined by 1,000 spaces (even though 
employment and office floor space have doubled) and 
the city's downtown transit mode split has increased 
from 34 to 45 percent (~)· 

Around outlying stations, Calgary has taken an 
altogether different approach to parking. To date, 
2,000 park-and-ride spaces have been provided. 
Calgary planners have accepted the low-density, 
single-family character of residential stations (see 
Table 2) and realize that automobile access is 
necessary to make the LRT system work. Although 
park-and-ride lots could discourage possible apart­
ment and mixed-use development around non-CBO sta­
tions (currently 82 percent of all households are 
single family), relocating parking out of the CBD 
was considered a higher priority, Private interests 
helped in the financing of park-and-ride lots under 
a shared-use plan that gives customers of nearby 
hotels and shopping centers access during weekends 
and off-peak hours (7), 

Calgary has also -revised its zoning ordinance to 
allow mixed residential, commercial, and office uses 
within 0.25 mile (400 m) of LRT stations, Moreover, 
floor-space ratios have been increased by 80 percent 
within these radii. A creative system of density 
bonuses has also been designed that permits more 
floor space for new buildings that provide pedes­
trian arcades, public open spaces, and direct access 
to LRT stations. Higher bonuses are granted for 

TABLE 3 Land Use and Financing Strategies Employed or Being Considered for Promoting Private Development 
Around LR T Stations 

Land Use or Financing Strategy 

Reductions in downtown parking or in minimum parking requirements 
Major public investment and capital improvements in station area 
Public lease or sale of land around stations to private developers 
Pedestrian walkways and mezzanines to LRT stations 
Air rights developmentabove LRT stations 
Tax increment financing 
Revised zoning densities 
Special transit development districts or authorities 

City Using or Considering Strategy 

Calgary, San Diego, Pittsburgh, Portland, Toronto, Sacramento 
Pittsburgh, Portland, Buffalo, Sacramento, San Diego 
Pittsburgh, Portland, Buffalo, Sacramento 
Calgary, Pittsburgh, Toi-onto 
Calgary, Boston 
Portland, Sacramento 
Portland, Sacramento 
Portland, Sacramento 
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interconnected elevated skywalks, and even higher 
ones when such facilities are temperature controlled. 

Calgary appears to have the essential ingredients 
for a successful partnership between LRT and down­
town: a strong economy, parking controls, and a 
plethora of development incentives. Having the 
city's transportation and planning departments under 
one city jurisdiction has also helped. Though there 
has been only a modest amount of concerted joint­
development activities to date, interest by private 
investors has remained high. The two planned LRT 
extensions can be expected to further strengthen the 
downtown area and the reqional transit network. 

San Diego 

Like Calgary, San Diego is a relatively low density, 
sprawling city , The 16-mile San Diego Trolley, 
although not intended to change this predominant 
land use pattern, has nonetheless been a much­
heralded success. The line runs from downtown San 
Diego (on both exclusive and mixed-traffic rights­
of-way with simple loading islands instead of sta­
tions) southward along a railroad alignment to the 
Mexican border. Much of the corridor traverses an 
industrial belt and unusable scrubland, although 
several south Bay residential areas are also 
crossed. The availability of a suitable railroad 
right-of-way along this corridor has been responsi­
ble for much of the system's construction cost 
savings, however, one condition of acquisition has 
been that mixed freight traffic be allowed during 
evenings. Aver age weekday ridership has leveled off 
over the past 2 years at about 11,500 (although it 
is up to 17,000 on Saturdays), yet the farebox 
recovery rate has remained relatively high at 82 
percent (see Table 1). Several major employers are 
located at the downtown end of the line (e,g,, 
National Steel and Shipbuilding and Rohr Corpora­
tion) and at the south end Ti j uana provides a steady 
stream of tourists, laborers, and shoppers. Thus, 
there has tended to be a near-constant distribution 
of LRT traffic throughout mos t hours of the day. 

There is little evidence of any positive land use 
impacts from the trolley to date. Although San 
Diego's Mass Transit Development Board (MTDB) guide­
lines officially "encourage, to the extent feasible, 
the concentration of appropriate development adja­
cent to stations" (8 ), bec a use much of the line is 
in an a c tive fr eigh t railr oad right-of-way the 
trolley's development potential is limited. Joint 
development has been invited by formal requests f or 
proposals and newspaper advertisement inquiries, 
although no significant progress has been made with 
prospective investors. Neighborhoods near the sta­
tions are already built up, and no significant 
redevelopment has yet occurred. Although the five 
southernmost stations all have considerable amounts 
of vacant land within walking distance, no great 
increases in residential density are being sought 
nor are any anticipated, As with Calgary, the avail­
ability of 2,000 park-and-r ide spaces will probably 
preserve the automobile orientation of these outly­
ing regions. 

As in other cities, San Diego's LRT is seen as 
playing a supporting, although not a major, role in 
downtown redevelopment plans. Downtown office floor 
space increased from 4 million to 6 million ft 2 

from 1981 a nd 19821 an additional 1.5 mil lion ft 2 

is currently either under construction or planned. 
These and other CBD developments are described by 
MTDB as being coordinated with but not dependent on 
the trolley. 

More ambitious efforts are being made to encour­
age intensive development around stations on the 
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proposed 17-mile East Line extension, largely be­
cause future state aid has been tied to the estab­
lishment of such a policy, MTDB's plan for promoting 
growth along this corridor includes relaxed parking 
requirements for new developments around stations 
and influencing private investment via major public 
improvements, such as the construction of a multi­
modal transportation center at the terminus of the 
East Line financed jointly by MTDB and the city of 
El Cajon. 

In sum, LRT is working in San Diego despite 
relatively l ow population densit ies and only modes t 
p ublic inte,rest in stimulating joint development . 
The availability of an inexpensive right-of-way 
together with San Diego's fortuitous position as a 
military, tourist, and international retail center 
have been the key factors behind the trolley's 
success to date. 

Sites Cur r e ntly c onstruct i ng LRT Systems 

Buffalo 

Buffalo began constructing its 6.4-mile LRT system 
in 1979 and hopes to complete the downtown mall 
segment by late 1984 and the remainder by 1986. 
Unlike Calqary and San Diego, however, Buffalo is a 
nongrowth area. Population has declined by 25 per­
cent over the past decade and both downtown retail 
sales and employment have dropped off as well. 
Perhaps more than anywhere else, in Buffalo LRT is 
being looked on as a key and necessary component of 
a massive downtown revitalization effort. Buffalo's 
Department of Community Development is the lead 
agency in an ambitious effort to reverse the exodus 
of retail stores from the central city and reestab­
lish a vital downtown core (9). The city has already 
invested more than $70 million in a new downtown 
civic center, a network of enclosed overhead walk­
ways, landscaping, and the acquisition ot properties 
for open space. Buffalo opted for build i ng a 1.2-
mile surface street transit mall, which wi ll be one 
of the longest anywhere, to make LRT within easy 
walking distance and a highly visible part of the 
downtown redevelopment effort. 

Responses by private investors to the LRT system 
and related projects to date have exceeded expecta­
tions. During the first year of construction, more 
than $200 million in private downtown construction 
was undertaken or announced. One joint development, 
Main-Genesee , includes t wo bank o ffice towers and a 
new 400-room hotel compl ex loca ted adjacent to a 
downtown station. Downtown office space is expected 
to increase by one-third by the time the entire 
6,4-mile system is in f ull operation. Although some 
have noted that the opening of a new maj o r a rterial 
highway on the eastern edge of downtown might sup­
press redevelopment efforts by diverting potential 
LRT users, most community leaders believe that 
downtown Buffalo has a bright future (2_), 

Pittsburgh 

Pittsburgh has embarked on a major reconstruction 
and modernization of its 25-mile system, replacing 
35-year-old streetcars with new LRT vehicles, up­
grading tracks, and bu ild i ng a downt own subwa y link 
through an existing t unne l. An underg r ound loop will 
serve the Gateway Center, a six-building office 
complex, as well as the Golden Triangle. Two down­
town stations, slated to open in late 1984, will 
have mezzanine connections to downtown streets. 
Downtown landscaping, public leases of land near the 
station, and parking reforms are also being used to 
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encourage redevelopment. City officials have also 
raised long-term downtown parking rates to encourage 
office workers to commute by transit, whereas the 
short-term rates have been lowered to stimulate 
downtown shopping (10) • As in Buffalo and Calgary, 
LRT is being looked"'on as an integral part of Pitts­
burgh's downtown redevelopment effort. 

Toronto 

Toronto is in the process of extending its already 
heavily patronized LRT system from the terminus of 
the Bloor-Danforth line to Scarborough Town Centre, 
one of five suburban municipalities within metro­
politan Toronto. The LRT extension is part of a 
developing civic center in Scarborough where 1. 75 
million ft 2 of retail and office floor space 
already exists and another 1 million ft 2 is under 
construction along with several major hotel com­
plexes. 

Unlike Toronto's celebrated heavy rail system, no 
special land use strategies are being employed to 
encourage growth along the LRT extension, primarily 
because a strong market already exists. Still, a 
pedestrian walkway system is being built incre­
mentally throughout the Town centre and integrated 
with the new elevated station. Moreover, parking is 
being reduced near the station. Overall, the LRT 
line is expected to reinforce an already vital 
cluster of office and retail uses in central Scar­
borough and perhaps stimulate some new residential 
development as well. 

Portland 

Portland's 15-mile LRT line will run at grade from 
the downtown mall eastward to the bedroom community 
of Gresham. Two historic districts will be crossed 
and the Memorial Coliseum will be served. Scheduled 
to open in mid-1986, the alignment, named the Ban­
field Line, will parallel two freeways much of the 
way, which will perhaps 1 imi t some of its urban 
development potential. 

More than most cities, Portland's economy has 
been hard hit by the recession, a factor that could 
affect the LRT's city-shaping role. Still, along 
with the city's new fleet of articulated buses, LRT 
is being viewed as an integral part of Portland's 
long-range comprehensive Downtown Plan. LRT's im­
portance lies more in its possible contribution to 
improving downtown circulation and enhancing the 
pedestrian-mall environment than in stimulating 
redevelopment. Because downtown stations will be 
simply shelters, any clustering effects of LRT would 
likely be, in comparison with the situation in other 
cities, modest. 

Because of the abundance of vacant land, much of 
the joint development potential of the Banfield LRT 
is in Gresham. The city has prepared a joint devel­
opment plan calling for tax increment financing, 
though the plan suffered a major setback in 1982 
when Gresham voters rejected the creation of an 
urban renewal agency. Multnomah County's attempt to 
form a redevelopment agency to help plan LRT-related 
growth was similarly rejected by voters. The county 
has, however, invested $3 million in sewer improve­
ments in several unincorporated areas to stimulate 
growth. Moreover, it has systematically increased 
zoned residential densities along the Banfield 
corridor, whereas multifamily zoning has been re­
stricted outside of it. Minimum parking restrictions 
have also been eased. Some mixed-use growth is 
expected, in particular around the Lloyd Center 
where a large corporate interest has assembled 
sizable tracts of developable land. 
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Portland's transit authority, Tri-Met, made an 
early decision against pursuing joint-development 
possibilities on its owni instead a separate author­
ity was created for this function. In August 1982, 
the Transit Investment Corporation (TIC) was formed 
to manage mixed-use joint development around sta­
t ions and to influence private capital through 
various public improvements such as skybridges and 
open-space enhancement. The five-member, nonprofit 
corporate board is empowered to incur indebtedness 
and to negotiate virtually unrestricted joint-devel­
opment contracts with private investors. So far, the 
board has been instrumental in stimulating more than 
2.5 million ft 2 in new office and retail construc­
tion throughout the region. It has also negotiated 
lease and sale options on land surrounding several 
stations. TIC is expected to play an increasingly 
important role in development along the Banfield 
Line as well as the proposed 12-mile westside exten­
sion to Beaverton. Overall, the development poten­
tial of LRT in Portland could eventually prove to be 
significant, despite a stagnant local economy, given 
the region's strong commitment to comprehensive 
planning and redevelopment. 

Sites Planning LRT Systems 

Sacramento 

Sacramento is in the final stages of designing an 
LRT system; construction began in late 1983 and 
actual operations are scheduled for mid-1985. Unlike 
most new North American light rail starter lines, 
Sacramento's LRT will operate on a single track 
along two close-by 9-mile corridors in the city's 
northeast. The project is being constructed in lieu 
of a freeway halted by community protest groups; 
federal Interstate transfer funds as well as state 
assistance will be used. 

Because of the high concentration of state of­
fices, Sacramento already has a fairly vital down­
town for its size, with approximately 80,000 jobs 
located within 1 mile 2

• Though local officials 
believe LRT will promote positive downtown growth, 
it is not a formal part of the Master Redevelopment 
Plan for the CBD. The downtown transit mall is 
expected to attract private investments; however, 
developer initiative is being solely relied on. 

A special authority, the Sacramento Transit 
Development Agency, was created in 1981 to manage 
the system's construction program as well as to 
prepare a compatible land use and development study. 
Six of the system's 27 stations have been identified 
as having high development potential--large vacant 
and unifiable land parcels, ownership by a few, and 
strong market. Seven others have been identified as 
having strong redevelopment potential--transitional 
neighborhoods with mixed and changing uses and older 
buildings (11). These 13 areas have been designated 
special pla~ing areas where residential densities 
will be raised and minimum parking requirements 
relaxed. A 10 percent reduction in parking is al­
lowed for nonresidential developments, and an addi­
tional 10 percent reduction is granted for projects 
within 660 ft of an LRT station. Growth around the 
six targeted development areas will be encouraged by 
using some combination of density bonuses, tax 
increment financing, and industrial development 
bonds. Given Sacramento's strong economy and growth 
posture, in addition to a local commitment toward 
stat ion planning, the land use impacts of its LRT 
system could prove consequential over time. 

San Jose 

San Jose plans to begin building its 20-mile LRT 
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line in early 1984 with final completion scheduled 
in 1989. The line will run from the northern in­
dustrial zone of Santa Clara through downtown to a 
southern residential area with a nearby shopping 
mall and industrial park. A number of major activity 
centers lie along the corridor, including a major 
recreational theme park, a commuter railroad sta­
t ion, and several large high-technology industrial 
plants. 

Though LRT connections to these activities sug­
gest a high urban development potential, there are 
other countervailing influences. One is that San 
Jose has an unusually small downtown for a city of 
its size (see Table 2). Of 500,000 total jobs in 
Santa Clara County, fewer than 15,000 are located in 
San Jose's CBD. Not unrelated to this is the charac­
ter of San Jose as a sprawling, automobile-reliant 
metropolis with an extensive freeway system and 
abundant free parking. Currently transit accounts 
for only 1 percent of all trips made in the area 
(!1.}. Moreover, the LRT line is t o be f l anked by two 
new expr essways along much of t he corridor, which 
could serve t o r einf orce the highway orientation and 
suppress the rail line's development potential. In 
addition, though the high-technology industry flour­
ishes in the San Jose region, many plants are con­
ver ting from assembly line production to less labor­
intensive research and development activities. 

Clearly, the greatest prospects for LRT-generated 
devel opment a r e in downt own San Jose . LRT i s t he 
c ent erpiece o f the c ity 's i ntensive downtown r ede­
vel opment prog r am. The t ransit mall , a long wi th 
density bonuses and various landscaping and amenity 
improvements, is expected to stimulate retail and 
office growth. Beyond these strategies, no other 
joint-development programs are being formally con­
sidered, howeve r. Outside the CBD, no dens i t y 
bonuses are being offered nor has any up-zoning 
occurred. To date, there has been only one major 
non-CBD development--a mixed offica wnd commercial 
development near the Oakridge Mall--whose location 
city officia ls even par tially attribute to t he 
p lanned LRT l i.ne. Planners are hoping, however, t ha t 
LRT will help cu r b some of the leapfrogg i ng growt h 
the city has experienced in rec ent yea r s . Overall, 
local offic i als ar e optimistic about LRT' s r ol e in 
rejuvenating San Jose's downtown, although a radical 
transformation of the city's predominantly low­
density structure is not expected. 

Columbus 

Columbus is planning a 10. 6-mile light rail system 
running along a railroad right-of-way from downtown 
to the north. Like Sacramento, Columbus, also a 
stat e capi tal, has a fai r l y recession-resistant 
e conomy. 'l'he downtown is growing; more than 6 mil­
lion ft 2 of office, retail, and hotel floor space 
have been added in the past 6 years. No specific 
development strategies have come forth to date as 
part of the LRT project. Current LRT plans call for 
extensive park-and-ride facilities around most 
stations because the proposed railroad right-of-way 
does not penetrate any major residential or com­
mercial areas. The choice of this alignment on 
cost-saving grounds might limit the development 
potential of the project, however. 

Orange County 

Orange County is planni ng a reg ional LRT network to 
interconnect 10 communities wi th populations ranging 
from 40, 000 to nearly 200 , 000 . The pr oj ect is being 
planned principally to re l i eve congestion on the 
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county's extensive freeway system. Orange county's 
LRT setting is unique because of the absence of any 
major central core, a criterion that Pushkarev and 
Zupan contend is the most important. Orange County's 
polynucleated structure closely resembles San 
Jose's: both are products of the automobile age. 
Development is booming, however, in downtown 
Anaheim, Santa Ana, Fullerton, and Garden Grove at a 
rate of nearly 4 million additional square feet of 
nonresidential floor space per year. Planners esti­
mate that more than 130,000 jobs are located within 
walking distance of the LRT corridor. The generally 
scattered layout of activity centers in Orange 
County may dissipate any clustering effects of LRT, 
although the new rail line could function as an 
important regionwide connector. 

Denver 

Denver• s proposed 77-mile system represents by far 
the most extensive of the new LRT projects. Though 
the network focuses on downtown Denver, it will 
still serve all major employment and activity con­
centrations in the region. Transit is already an 
integral component of Denver's downtown: Free 
shuttle services currently operate along a pedes­
trian mall and a major multimodal transportation 
center has just been opened. Though no formal plans 
exist, special benefit assessment districts and tax 
increment financing are being explored as ways to 
help finance the system and stimulate joint develop­
ment. According to local planners, private investors 
have shown little i nterest to date in shared-devel­
opment concepts, largely because of the absence of a 
formal implementation plan. The city has begun 
purchasing abandoned railroad right-of-way in an­
ticipation of building the southeast corridor first; 
however, the more than $2 billion in capital funding 
remain~ the biggest hurdle. !f bnilt; the sy8tem 
would be on a par with San Francisco's BART and 
Washington's Metrorail systems in terms of regional 
coverage and land use potential. 

Boston 

Bos ton is planning an extension of light rail ser­
vices beyond its Lechmere Station to the cities of 
Somerville and Medford. However, the extension is 
expected to play a fairly modest role in shaping 
f utur e development because of the built-up nature of 
the corridor. Three redevelopment projects have 
already been announced for the Lechmere Extension, 
though, according to local officials, they are not 
dependent on the LRT line's being built. Overall, 
the extension could be expected to reinforce an 
already comprehensive network of light and heavy 
rail transit in the Boston area. 

CONCLUSIONS 

Key factors that can be expected to influence the 
land use impact of LRT are presented in Table 4 , 
along with a summary evaluation of how the 12 study 
sites rate on these factors. For LRT to have a 
large-scale impact on urban form, a strong and 
growing regional economy is an important prereq­
uisite. Over the long run, places such as Calgary, 
Sacramento, San Jose, and Columbus, therefore, could 
experience large-scale land use benefits from LRT 
investments. For some, however, the current automo­
bile-highway system seems so firmly rooted that any 
major structural changes in urban form would appear 
unlikely. The development potential of land and a 
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TABLE 4 Factors Serving as Stimulants and Deterrents for Urban Development 

LRT PROJECTS: 

Al rea<ly Bui 1t : 

Calgary 

San Diego 

Under 
Construction : 

Buffalo 

Pittsburgh 

Portland 

Toronto 

Planned : 

Sacramento 

San Jose 

Columbus 

Orange County 

Denver 

Boston 
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NOTES : + means the factor could be expected to have a positive influence on urban development 
means the factor could be expected to impede LRT's urban development and land use impacts 

suitable physical setting around LRT stations are 
likewise important conditions for positive land use 
changes. In some areas LRT alignments were chosen 
principally on the basis of minimizing construction 
costs rather than maximizing development potential 
(e.g., San Diego and Columbus). In these cases, 
lines often traverse industrial belts and undevelop­
able land. Some cities, notably San Jose and Port­
land, plan to run LRT lines next to or between urban 
freeways. Though an underlying rationale for build­
ing LRT in the first place is to minimize costs, 
public officials need to recognize the trade-off 
involved in terms of possibly suppressing longer­
range urban development. 

Perhaps the strongest development potential of 
LRT is in downtown areas, particularly where lines 
are integrated into open pedestrian malls. Buffalo, 
San Jose, Calgary, and Portland all hope to spark 
downtown redevelopment with their transit malls. 
Density bonuses and up-zoning are being used as well 
in most of these settings to attract private invest­
ments . Some jo i nt devel opment and cost sharing with 
privat e inte r est s is also occurring (e.g., Calgary), 
though not on a major scale. A few areas (e.g., 
Buffalo) are also targeting public improvements 
around downtown LRT stations as part of the overall 
redevelopment package. Though these strategies could 
be a tremendous boon to downtown office construction 
and retail sales, it should be pointed out that 

unless an entire region is experiencing growth, such 
impacts could turn out to be largely redistributive 
(e.g., taking retail sales from another area). 

Parking reforms, such as supply restrictions and 
easing of minimum requirements, are being used in a 
number of LRT communities to transform downtown 
areas into predominantly transit and pedestrian 
environments (e.g., Calgary, Pittsburgh, and Port­
land) • Park-and-ride lots, however, are being pro­
vided at the same time in some of these places to 
facilitate access to suburban stations. Although 
these facilities might effectively reinforce the 
highway orientation of an area, LRT planners seem 
mindful of the need to provide park-and-ride facil­
ities on a selective basis so as to enhance light 
rail ridership along suburban corridors. Park-and­
r ide access also functions as an interim use that 
can easily be converted to accommodate major land 
developments if and when a station's market becomes 
firm. 

In closing, the urban development possibilities 
of LRT appear substantial, though only if other pro 
development forces exist. Compared with heavy rail 
systems, LRT projects must be accompanied by various 
land use incentives and supportive local policies if 
meaningful land use impacts are to be expected. un­
fortunately, much of the emphasis in siting and de­
signing new LRT projects has been placed on minimiz­
ing costs, perhaps at the expense of suppressing 
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LRT' s urban development potential by aligning seg­
ments along abandoned railroad rights-of-way and 
freeways. Although the record on LRT in the United 
Sta tes and Canada is still rathar short, experiences 
with rapid rail transit are sobering reminders that 
a strong regional economy, supportive local policies, 
and a hospitable station environment are essential 
if positive and substantial land use outcomes are to 
occur. 
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The Impact of Light Rail Transit on 
Travel Behavior in Calgary 

ARCHIE l:HUMAK and DAN BOLGER 

ABSTRACT 

In May 1981 light rail transit (LRT) was 
introduced in Calgary between the downtown 
and the southern part of the city. An exten­
sive 2-year monitoring program of the i mpac t 
of LRT on the transportation system has been 
conducted by the city, the results of which 
are reported. The methodology consisted of a 
series of before-and-after surveys, which 
included conventional traffic counts, speed 
and delay studies, and an on-board survey. 
An important component of the study was a 
home interview survey. LRT has had a sig­
nificant impact on travel downtown. Transit 
modal split across the south downtown screen 
line has increased from 35 to 40 percent to 
50 to 55 percent in the a.m. peak period. 
The study also examined the public's atti-

tudes and perceptions of the transportation 
system as well as the reasons for mode 
choice. The majority of residents believed 
that both transit service and overall traf­
fic congestion had improved with the intro­
duction of LRT, Most travelers indicated 
that convenience is the critical factor in 
choosing between the automobile and transit, 
A significant portion of the population, 
however, identified travel time as the most 
important factor. 

The purpose of this paper is to outline the effects 
that the implementation of a 12.5-km light rail 
transit (LRT) line and associated feeder-bus system 
has had on travel behavior in the rapidly growing 
city of Calgary, Alberta, Canada. 
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The line opened in May 1981 using a downtown 
transit mall (mixed bus and LRT) and seven suburban. 
stationsi 27 Siemens-ouwag U2-type cars are oper­
ated, usually in two- or three-car trains with 6-min 
peak-hour frequency. Feeder-bus routes and levels of 
service were substantially revised with the intro­
duction of the LRT line. 

The collection of data on travel behavior before 
and after the change in the transit system covered 
the period between April 1981 and May 1982. This 
period coincided with the leveling off of a vigorous 
decade of growth in Calgary (about 4 percent per 
annum), and the findings largely represent condi­
tions that preceded any significant reduction in 
employment due to the economic downturn. 

BACKGROUND 

Figure 1 shows a plan of Calgary. A simplified 
representation of the geography of the city would 
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FIGURE 1 Calgary and LRT impact area. 
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show a concentrated commercial core with a crescent 
of residential areas spreading around its west side 
and a band of industrial land stretching down the 
east side. About one-third of the city's employment 
is in the central area, one-third in the east indus­
trial area, and one-third spread throughout the city. 

Although the downtown accounts for less than 20 
percent of all vehicle trips in Calgary, the in­
tensity of this travel is concentrated. In addition, 
crosstown traffic from the predominantly residential 
west side of town to east-side employment in in­
dustrial locations exacerbates downtown and inner­
city congestion. Therefore, a number of the city's 
objectives emanate from a desire to manage traffic 
in the downtown and the inner city. The thrust of 
many of these objectives is to improve the physical 
environment of the downtown and the inner city, and 
they can be simply translated into one objective: to 
reduce unnecessary vehicular traffic in this area 
(1). However, although the objective can be simpli­
fied, the issue addressed is most complex, and the 
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strategies and policies that the city applies to it 
must be comprehensive and coordinated. These tech­
niques include downtown parking and pedestrian 
schemes, roadway restraint, and suburban transit 
planning. 

BUS SYSTEM BEFORE LRT 

The major transit corridors leading to the downtown 
had their beginnings with the Blue Arrow express bus 
system, introduced in the early 1970s. The Blue 
Arrow system acted as its own feeder in the farthest 
suburbs and interconnected with crossing feeder 
routes as it approached downtown. Limited stops 
between the outer suburbs and the downtown gave it 
some of the characteristics of an express service i 
within the downtown, exclusive transit lanes were 
implemented to increase speed and schedule adher­
ence. A series of free park-and-ride lots were de­
veloped with particular emphasis on proposed future 
rail corridors. Thus the Blue Arrow and its feeder­
bus systems combined with park-and-ride facilities 
to form a prototype for the development of the LRT 
syst~m that began service in 1981. 

The improvements in the bus system have already 
had a significant impact on travel behavior. Figure 
2 shows the impact on downtown-oriented travel dur-

1961 1971 1981 
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FIGURE 2 Composition of p.m. peak-hour 
downtown travel. 
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ing the p.m. peak hour. Total growth, represented by 
the circle sizes, has increased significantly. In 
the decade 1971-1981, the p.m. peak-hour work trip 
modal split to transit increased fr om 34 to about 50 
percent. Citywide annual transit rides per capita 
changed from 60 to 93 in the same period. 

THE LRT SYSTEM 

The patron catchment area for the Calgary LRT line 
encompasses approximately 95 km 2 wi th a population 
of 150,UOU (approx i mately 1,600 persons/km'). The 
rail line runs adjacent to a major arterial roadway 
that serves abutting commercial land containing an 
employment population of 65,000. 

The LRT alignment south of the downtown parallels 
an existing freight rail line for the majority of 
its length. The alignment was selected because of 
its location and ease of acquisition. It provides 
good access to the southeast industrial area and 
bisects the residential catchment area. 

A total of 15 feeder routes and 8 connecting or 
crosstown routes were developed and approved to 
serve the south LRT catchment area. The complemen­
tary bus network was designed to serve the largest 
possible transit market. During the a.m. peak 
period, transit travel times to the downtown have 
been reduced approximately 20 percent throughout the 
suburbs. Total feeder-route operating hours were 
increased 72 percent, from 492 to 846 hr for weekday 
operation. This increase is the result of major 
improvements in transit service in new developing 
areas (1). 

TRAFFIC IMPACT 

Table 1 is a summary of transit use change after the 
implementation of LRT in the south corridor {}) ~ 

These traffic counts were conducted across the south 
downtown screen line. The screen-line data indicate 
that there has been a significant increase in tran­
sit travel ranging from 59 percent during the a.m. 
peak period to 80 percent during the p.m. peak 
period. The major reason for this growth has been an 
increase in transit modal split from 36 to 48 per­
cent during the a.m. peak period and from 23 to 39 
percent during the p.m. peak period. 

It should be noted that this transit ridership 
growth occurred over a period of time during which a 
number of fare increases took place. In January 1980 
the transit fare was $0.50. By the time LRT was 
inaugurated in May 1981, the fare had risen to 
$0.65. The fare was further increased to $0. 75 in 
1982, which was when the post-LRT impact surveys 
were conducted. 

TABLE 1 Traffic Volume at South Downtown Screen Line 

Two Way To Downtown From Downtown 
(7:00 a.m.-11 :00 p.m.) (7:00-9:00 a.m.) (4 :00-6:00 p.m.) 

Parameter Volume Percent Volume Percent Volume Percent 

Before LRT 
Vehicle occupants 141,759 86 11,008 64 14,930 77 
Bus passengers 23,461 14 6,080 36 4,599 23 

Total 165,220 17,088 19,529 
After LRT 

Vehicle occupants 153,327 79 10,322 52 13,124 61 
Bus passengers 12,172 6 2,240 11 1,838 9 
LR T passengers 28,324 IS 7,394 37 6,424 30 

Total 193,823 19.956 21.386 
Change in transit use 73 59 80 

... 
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Travel time studies were performed on the major 
north-south roads in the impact area. Generally the 
southern part of the corridor did not experience an 
increase in average speed during the peak periods 
(7:00 a.m. to 9:00 p.m., 3:00 to 6:00 p.m.). In­
creases in operating speeds were observed, however, 
between the downtown and a distance of approximately 
2.4 km from the downtown. In this part of the cor­
ridor two major roadways, Macleod Trail and Elbow 
Drive, experienced increases in operating speed in 
the range of 1.6 to 9.6 km/hr. Contributing factors 
to the increased roadway speeds included reduction 
of transit buses in peak periods (between 40 and 80 
percent fewer than before the implementation of 
LRT) : widening of a bottleneck section of Macleod 
Trail (a primary artery): modest reduction in vehi­
cle traffic, particularly in the inner city: and 
upgrading of traffic signal coordination. 

INVESTIGATING TRAVEL BEHAVIOR 

Survey Methodology 

In the previous section the considerable impact that 
LRT has had on roadway traffic and transit volumes 
was identified. It is also important to understand 
the underlying changes in travel behavior and the 
reasons for this increase in transit use. This in­
formation would be very useful for planning future 
LRT lines. 

Two surveys were used to evaluate the changes in 
travel behavior. A conventional on-board survey was 
conducted (4). The survey had a response rate of 50 
percent and provided a reliable measure of LRT 
travel patterns dur,ing the a.m. peak period. It was 
also decided that a home interview survey was neces­
sary (5). In the Calgary situation, this type of 
survey ~as the only feasible method of examining the 
travel patterns of the entire population, especially 
the automobile travelers. The home interview survey 
also provided an opportunity for an in-depth analy­
sis of attitudes and perceptions about the roadway 
and transit systems and their reasons for choice of 
mode. 

The remainder of this paper concerns the results 
of the home interview survey. The survey was con­
ducted in March 1982, approximately 9 months after 
the implementation of LRT service. This delay was 
required in order to ensure that post-LRT travel 
patterns had stabilized. The survey sample consisted 
of approximately 5 percent of the households in the 
LRT corridor. The expanded survey results were com­
pared with the census data to ensure that the survey 
had no inherent biases. 

Existing Travel Patterns 

Figure 3 shows the travel patterns in the study area 
after the introduction of LRT service. This overall 
perspective of travel patterns should always be 
remembered when the significance of various impacts 
is evaluated. These data refer only to trips that 
had an origin and destination within the south LRT 
corridor or downtown. The south LRT corridor is 
shown in Figure 1. It is on trips in this corridor 
that LRT had its greatest impact. External travel, 
trips originating outside the study area, or through 
trips were not included. 

Travel characteristics are presented for the a.m. 
peak period (7:00 to 9:00) and the off-peak period. 
The off peak is defined as all travel outside the 
a.m. and p.m. peak periods (4:00-6:00 p.m.). P.m. 
peak-period travel has not been included in this 
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FIGURE 3 Travel in LRT impact area after LRT. 

presentation. There were approximately twice as many 
trips in the off peak as during the a.m. peak period. 

During the a.m. peak, 28 percent of the trips 
were to the downtown. This travel consisted almost 
entirely of work trips (90 percent). Corridor travel 
accounted for 72 percent of the volume and contained 
mostly work and school trips. 

During the off peak only 10 percent of the travel 
was to the downtown of which 44 percent was work 
trips. Corridor travel was much more predominant and 
had a much more varied distribution of trip pur­
poses: work, 11 percent: shop, 23 percent: and per­
sonal business, 11 percent. 

The highest transit modal splits were to the 
downtown. The a.m. peak modal split was 55 percent. 
Off-peak downtown travel also had a high modal split 
of 43 percent. The automobile was clearly the domi­
nant mode for corridor travel and accounted for 72 
percent of travel in the a.m. peak and 90 percent in 
the off peak. 

Changes in Travel Patterns 

The traffic count data indicate that there has been 
a considerable increase in transit modal split. In 
Table 2 the changes in modal split for various types 
of travel in the impact area are summarized. 

LRT was designed to provide service primarily for 
downtown work trips. It was in this market that LRT 
has had its greatest impact. Downtown transit modal 
split during the a. m. peak period increased from 4 2 
to 55 percent. This travel consisted almost entirely 
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TABLE 2 Changes in Transit Modal Split 

T ype of Travel 

Morning peak 
Downtown 
Corridor 

Off peak 
Downtown 
Corridor 

Before LRT (%) 

Private 
Vehicle 

57 
69 

67 
92 

Bus 

42 
20 

31 
6 

Nule: Cu11rh..lcnLe inlt::rval 1... l!i percent. 

Other 

I 
11 

2 
2 

of work trips and accounted for a significant por­
tion, 28 percent of all travel in the study area. It 
should also be noted that these changes in modal 
split are similar to those observed in the south 
downtown screen-line traffic counts. 

A somewhat more surprising result was the sig­
nificant increase in transit modal split, from 31 to 
42 percent , fo r off-peak downtown travel. This in­
crease in transit travel has occurred primarily with 
the work trip, which still accounted for 44 percent 
of the off-peak travel. The modal splits for other 
tr ip pu r poses such as shopping and personal business 
have not been influenced by LRT. It should be noted 
that downtown travel represented only 10 percent of 
all off-peak travel in the impact area. 

LRT has had virtually no impact on corridor 
travel during the a.m. peak. There has been no mea­
surable diversion to transit for any of the major 
trip purposes. The bus mode continues to remain more 
popular than LRT. Neither has LRT had any impact on 
off-peak corridor travel. Transit modal split re­
mained at a very low level of 5 percent. Of the four 
types of travel considered, off-peak corridor travel 
had the highest volume. 

Table 3 presents a more detailed ana.Lys1s of tne 
dynamics involved in this change in modal split. 

TABLE 3 Diversion of Travel 

Pre-LRT Post-LRT Percentage of Post-LRT 
Mode Mode All Travel Modal Split(%) 

Automobile Automobile 42 
Bus Automobile 3 

45 45 

Automobile Bus I 
Bus Bus 6 

7 7 

Automobile LRT 13 
Bus LRT 35 

48 48 

Note: Data are for a.m. peak period downtown. Confidence intervaJ = ±3 
per cent. 

These results are for downtown a.m. peak-period 
travel, where LRT has had its greatest impact. The 
analysis examines the importance of each diversion 
from one mode to another in relation to all travel. 
Travel diverted from automobile to LRT represented 
13 percent of all travel. At the same time there was 
a diversion from bus back to automobile of 3 per­
cent. The volume of this diversion is significant 
because it represents 25 percent of the volume 
diverted from automobile to LRT. This diversion to 
automobile may be due to a perception of an improve­
ment in traffic congestion after LRT was introduced. 

The survey also investigated whether LRT had a 
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After LRT (%) 

Private 
Vehicle 

45 
72 

57 
89 

Bus 

7 
14 

4 
3 

LRT 

48 
4 

38 
2 

Other 

0 
10 

I 
6 

significant impact on the other components of the 
travel process--trip generation and trip distribu­
tion. Travelers were asked , •would this trip have 
been made before LRT?" The following results were 
obtained: 

Response 
Same trip 
Same trip purpose, different 

location 
No trip 

Percentage 
of Travelers 
96 

2 
2 

LRT appears to have had a minimal impact on both 
trip generation and distribution. 

Attitudes and Travel Behavior 

Another important objective of the study is a de­
tailed analysis of the population's attitudes and 
perceptions of roadway and transit systems. This 
information should provide a better understanding of 
travel behavior in relation to the introduction of 
LRT. 

Each person was asked to identify which factors 
were most important in his or her choice to use 
automobile or transit. The results are presented in 
Table 4 and refer to all travel in the study area. 

TABLE 4 Most Important Factor in Mode 
Choice 

Percentage of Respondents 

Factor Automobile Transit 

Convenience 60 34 
Total travel time 14 16 
Ont-of-pockP.t cost 12 
Parking at destination 7 
No response 10 20 
Other 16 11 

Note: Confidence interval= ±4 percent. 

Convenience, or the flexibility to travel when­
ever one wants, was clearly the most important fac­
tor for the majority of automobile travelers (60 
percent) • Respondents were also asked to rate their 
degree of satisfaction with each of the factors on a 
scale of l to 5: 1, very unsatisfied: 3, neutral: 5, 
very satisfied. The degree of satisfaction with the 
convenience of automobile travel was ranked 5 and 
the convenience of transit travel was ranked 3 by 
automobile travelers. Convenience was also the fac­
tor most frequently mentioned by transit travelers, 
who indicated that they were very satisfied with the 
flexibility of automobile travel and satisfied with 
the flexibility offered by transit. 



Chumak and Bolger 

Total travel time was the second most important 
factor for automobile travelers. More important is 
the large spread between those who indicated con­
venience (60 percent) and those who indicated travel 
time (14 percent). These results should be con­
sidered in view of what kind of transit service is 
feasible. It is possible for transit travel times to 
be comparable with those of the automobile for down­
town travel. It is very difficult to match the con­
venience of automobile with transit. No other fac­
tors were mentioned by a significant portion (5 
percent) of the automobile travelers. 

Three factors were mentioned by transit p a trons: 
total travel time, 16 percent; out-of-pocket cost, 
12 percent; and parking at destination, 7 percent. 
It appears that policies such as improving downtown 
travel time and controlling the supply of parking 
influence transit ridership. 

The choice factors for an important segment of 
the population--those travelers who shifted from 
automobile to LRT--are as follows (confidence in­
terval is± 8 percent): 

Factor 
Convenience 
Out-of-pocket cost 
Total travel time 
Parking at destination 
Rush-hour driving 
No response 
Other 

Percentage 
o f Responden ts 
29 
22 
16 
11 

6 

15 
1 

For downtown-oriented travel, convenience was still 
the most popular factor, indicated by 29 percen~ A 
considerable number of travelers also indicated 
factors such as out-of-pocket cost (22 percent), 
total time (16 percent), parking at destination (11 
percent), and rush-hour driving (6 percent). The key 
feature of these results is that the perceived im­
portance of the convenience factor is not always 
reflected in the actual travel behavior. Those who 
indicated that convenience was the most important 
reason in modal choice still switched to transit. 
The modal choice actually involves many factors. It 
appears that transit can be attractive when all 
other factors, especially out-of-pocket cost and 
travel time, are considered together. 

Thus far the public's attitudes in relation to 
travel behavior have been examined. It is also im­
portant to determine the residents' general percep­
tion of the impact of LRT on the community. The 
public perception of what impact LRT has had on 
transportation in the corridor is summarized as 
follows (confidence interval is± 2 percent): 

Pe rcen.t age o f ResEondents 
Traffic Transit 

Re s Eonse Congestion Service 
significant improvement 18 20 
Moderate improvement 28 27 
No effect 32 16 
Worse 5 13 
No opinion 17 24 

Nearly half of the residents (46 percent) felt that 
traffic congestion had either improved or improved 
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considerably. Similarly 47 percent felt that transit 
service had improved. 

CONCLUSION 

The Calgary LRT line is a substantial and tangible 
investment by the community in the management of its 
transportation system for the enhancement of the 
urban environment. The conversion of the prototype 
Blue Arrow service into a fixed rail transit line is 
a firm commitment to a continuing strong public 
transit program in Calgary. 

The initial positive public reaction to the LRT 
has fulfilled the short-term expectations for the 
line. The striking change in behavior by commuters 
from the LRT catchment area is clear evidence of the 
influence that a major improvement in the level of 
transit service can have, even in a city where there 
is one automobile for every two citizens. The in­
crease in downtown work trip transit modal split, 
from approximately 40 percent to the 50 to 55 per­
cent reported in the home interview surveys, is 
confirmed by the downtown cordon crossing counts, 
which indicate increases in transit patronage of 59 
percent in the a.m. peak period and 80 percent in 
the p.m. peak period. 

Most r esidents believe that LRT has had a posi­
tive impact on both transit service and traffic 
congestion. The majority of travelers consider con­
venience to be the most impor tant factor in their 
modal choice. A significant portion of the popula­
tion, however, considers travel time to be the key 
factor. 

LRT is performing its role in accomplishing 
Calgary's transportation objectives; the evidence is 
conclusive. 
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Changes in the U.S. Rail Transit Car 
,.. .. r,a • • -.- 1 4 Manutactur1ng 1nousiry 
WILLIAM H. FROST 

ABSTRACT 

The results of a study of the rail transit 
car building industry in the United States 
are presented. The study was undertaken in 
order to examine the economics of the in­
dustry, the factors that have affected it 
since 1965, and the current conditions, 
including trends that might provide insight 
as to its future. In the last 20 years, the 
industry has lost stability as a result of 
an influx of new capital, customers, sup­
pliers, and technology and new methods of 
doing business. Management of transit au­
thorities has changed as operating and 
maintenance staff from the street railway 
period have retired. Rail-car manufacturing 
has become much more risky, and the changes 
needed to distribute the risk fairly have 
been too slow in coming. As a result, the 
character of the domestic car manufacturing 
industry has changed markedly. Instead of 
integrated car builders who have final 
authority over design, fabrication, and 
assembly of transit cars, there are a number 
of final assembly plants building cars with 
substantial foreign content under the super­
vision of foreign car builders. Among the 
major elements that will guide the industry 
in the next few years are the small and 
uncertain market, the risk of innovation 
measured against the need for service-proven 
equipment, and the impact of supplier fi­
nancing on foreign and domestic competition. 

Rail transit cars are sophisticated vehicles that 
are considerably more complex than automobiles or 
freight cars. Rail cars consist of interrelated 
systems, each fitted carP.fnlly to the other. Tnev 
are not built in the same way as an automobile. 
Instead of using a continuously moving assembly 
line, rail cars are built at a number of stations, 
largely by hand. 

Car building is something of a misnomer. Cars are 
not built so much as they are assembled from pur­
chased components and subsystems. For example, the 
major subsystems of a rail transit car are the car 
body or shell, the propulsion equipment (motors, 
controllers, and gears), and the trucks (truck 
frames, wheels, axles, bearings, and brakes). No car 
builder fabricates all of the major subsystems in 
its own shop. Traditionally, the car builder fabri­
cates the body and buys the propulsion equipment and 
trucks. However, there have been a number of con­
tracts in which the propulsion supplier was the 
prime contractor and subcontracted the car body. 

There are four major tasks involved in the pro­
cess of rail-car manufacture: design, fabrication, 
assembly, and systems integration. Design begins 
with the specification drawn up by the transit 

authority. The new car may be designed for compati­
bility with compnnent-s ,md ilim1msions of older cars 
of the agency. The specification may not be suf­
ficiently detailed to construct a car, so there may 
be a considerable amount of work to be done after 
the contract award. Through preliminary engineering 
and detailed design, the specification requirements 
are translated into shop drawings. 

Fabrication involves forming and welding the car 
shell from steel shapes, building motors and elec­
tronic equipment, casting or welding the truck 
frames, and building other components. These are 
assembled, fitted into the car shell, and connected 
and the interior fittings and seats are installed. 
Final assembly usually refers to interior finish 
work and truck installation. Trucks can be assembled 
by the truck contractor or the car builder. 

Systems integration is a continuous process, 
beginning in the design stage. It involves configu­
ration management in which the proper fit and opera­
tion of subsystems and components are assured. 
Problems with integration may crop up any time 
during the assembly and fabrication process but 
often show up during testing. Once the car has been 
assembled, it must be proof tested and performance 
tested against the specification before it is 
shipped to the transit authority. 

It is difficult to define precisely what makes a 
rail-car supplier a car builder. The amount of the 
car built by the supplier is not a good measure, 
because even a fully integrated car builder will 
subcontract 50 to 60 percent of the content of the 
car. Because designs can be licensed from other 
builders, the best definition should involve respon­
sibility for the whole car. Whichever supplier has 
the responsibility for systems integration must be 
involved in all the components of the car. This is 
also the supplier who probably has contractual 
responsibility for the car and who stands behind the 
warranty. The car builder is therefore best defined 
as the supplier who signed the contract with the 
buyer and is responsible for systems integration, 

The definition of the domestic ind.ustry is 
another issue. The country of incorporation is not a 
good measure of a domestic industry, because the 
rise of multinational corporations has led to wholly 
owned subsidiaries of parent firms incorporated in 
countries all over the world. The same is true of 
ownership. Foreign ownership of local companies, and 
vice versa, blurs the boundaries of the domestic 
industry. 

The location of the material and labor input of a 
product defines its content but does not define the 
responsibility for the car. A rail car designed in 
this country and built with domestic components 
using U.S. labor has most of its impact on the local 
economy and clearly has u.s. content; nevertheless, 
if the systems integration and warranty responsi­
bility come from another country, the car loses its 
domestic identity. For the purposes of this paper 
the domestic rail-car industry is defined as that 
activity occurring in the United States, and a car 
builder's location is defined by the country where 
the builder is headquartered and where systems 
integration takes place and final responsibility is 
accepted. 



Frost 

At this time ownership, control, design, and 
production of rail c ars are not concentrated in any 
single u.s. c orpo_ration . It must be concluded that 
the united States has no completely domestic car 
builder, although it does have one foreign - owned 
integrated car builder (the Budd Company), an active 
supply industry, and several rail-car assemblers. 
This last segment of the industry has been supported 
by the Buy America legislation. 

HISTORY 

A brief history of the u.s. car builders active from 
1965 to the present is presented. The approach taken 
was to examine every passenger car order during this 
period, selecting those that had the most effect on 
the car builder's fortunes, both good and bad. This 
is not intended to be a comprehensive summary of the 
orders or a complete history of each firm. 

In 1966 the Budd Company won the competition for 
the Metroliner to be operated over the Pennsylvania 
Railroad's Northeast Corridor. Conceived by the U.S. 
Department of Transportation, the cars were to run 
at 160 mph, faster than the Japanese Shinkansen that 
had recently begun service. The Metroliners were 
considerably more complex than any previous self­
propelled car. They have been described as very 
advanced prototypes and R&D projects rather than the 
production cars they were intended to be. The Metro­
liners were among the first cars to show how a rapid 
advance in technology could bring problems. Budd is 
reported to have lost $26 million debugging the cars 
after delivery. 

The following year brought Budd two more orders 
that caused the company similar problems. The first 
order of cars for the Port Authority Transit Corpo­
ration (PATCO) Lindenwold Line were a significant 
attempt to advance the state of the art in rail 
transit, particularly with respect to automation. 
The Long Island Rail Road at the same time placed an 
order for its new generation of electric multiple­
unit (EMU) commuter cars, the M-ls. A highly innova­
tive new design contributed to problems with auto­
matic train operation, brakes, air conditioning, and 
motors and alternators. Losses on this order, the 
other two listed previous ly, and a concur rent job 
for the Chicago Transit Authority (CTA ) led to 
Budd's announcement to discontinue rail operations 
as a prime contractor in 1970. The company continued 
work as a subcontractor to General Electric (GE) on 
New York Metropolitan Transportation Authority (MTA) 
EMU commuter cars. 

Budd was not the only car builder wrestling with 
the problems of sophisticated technology. There were 
several new orders in 1969, among them the long­
awaited Bay Area Rapid Transit (BART) contract. The 
BART system and its cars were developed as a great 
leap forward in rail transit technology. Rohr Corpo­
ration, an aerospace firm beginning its diversifica­
tion into urban transportation, underbid Pullman and 
St . Louis Car Company to win the contract. The cars, 
built using aerospace techniques, were of a totally 
n e w design. They suffered problems with moto r s, 
chopper control, automatic train control, and door s. 
Delays in the prototypes held up production, causing 
more losses to Rohr. The company wrote off $27 mil­
lion on the $266.8 million contract. 

In 1969-1970, St. Louis Car Company received two 
large orders from the Illinois Central Railroad and 
the New York City Transportation Authority (NYCTA) 
that caused similar problems and delays. The uneven 
market had left the company short of work and as a 
result the bids for these two orders were probably 
lower than the cost of production. The Illinois 
Central Highliner order first strained St. Louis 
Car's engineering capacity, then its production 
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capacity. Draftsmen and production personnel who 
were not experienced in rail-car manufacture were 
hired in order to meet the tight delivery schedule, 
which ironically caused delays so that the schedule 
could not be met. The cars did not incorporate much 
in the way of new technology, but they were a new 
design that the company had never built before. 
Systems i ntegration problems contributed to produc­
tion and acceptance delays . 

The R-44 cars for NYCTA were the first NYCTA cars 
since the 1930s to be built to a different basic 
design; they were not compatible with the rest of 
the fleet. For the R-44 contract, the transit au­
thority specified higher performance, automatic 
train control, new trucks, propulsion control, and 
couplers. The cars were longer and heavier than 
earlier cars and could not be coupled with them into 
trains. Although St. Louis Car had built hundreds of 
cars for NYCTA, the newly designed equipment on the 
R-44 was revolutionary and troublesome: warranty 
work was extensive. The combination of these two 
problem orders is said to have forced St. Louis car 
out of the business. An unrealistic bid price, too 
rapid expansion of production and engineering ca­
pacity, short delivery schedules, and new designs 
were contributing factors. 

The late 1960s and early 1970s was a period when 
new competition entered the car-building industry. 
GE, a major supplier of propulsion equipment, made a 
corporate decision to take prime responsibility on 
cars using its subsystems. It first attempted to 
enter the industry by acquiring Budd but was dis­
couraged by the antitrust laws. The company then bid 
on and won a contract for 144 M-2 EMU commuter cars 
for the New York MTA and Connecticut Department of 
Transportation, subcontracting car body construction 
to Budd and Canadian Vickers. These high-speed EMU 
commuter cars may be the most technologically com­
plex in the United States. They were designed to run 
on either 650-V de third rail or overhead pickup at 
11,000 V ac, 25 Hz, or 12,000 V ac, 60 Hz, with a 
top speed of 100 mph, automatic train control, air 
conditioning, and automatic doors. The sophisticated 
technology and the new des i gn made extensive debug­
ging necessary. 

GE followed by winning a contract in 1971 for the 
Southeastern Pennsylvania Transportation Authority 
(SEPTA) Silverliner IV EMU cars. Follow-on orders 
for SEPTA and similar cars for New Jersey Transit 
represented one of the largest production runs in 
the transit industry and were the most successful of 
GE's orders. During the next 7 years, S32 cars were 
built to essentially the same design, with small 
changes made between orders. Although the first cars 
had problems, the long production run contributed to 
the profitability of the order and the reliability 
of the last group of cars, the Jersey Arrow III. 

In 1972 NYCTA advertised for bids for 745 cars, 
designated R-46. Pullman-Standard was the low bid­
der, eliminating GE, Rohr, and Westinghouse, teamed 
with St. Louis Car. The R-46 order, unfortunately 
for Pullman, could be considered a case study in 
everything that can go wrong with a transit car 
procurement. The specification called for a car 
similar to t he R- 44 tha t St. Louis Ca r had r ecently 
built. The contr act was awarded f o r a fixed price 
without provision for escalatio n . Dur i ng t he d es ign 
phase for the R-46, problems experienced with the 
R-44 caused NYCTA to request changes in the R-46 
de s ign. This delayed production into the 1973-1974 
period of high inflation, so that Pullman's cost of 
product ion rose significantly highe r than the origi­
nal b id price. There were t echn i .c al problems with 
the car as well. The truck frames on the R-46 de­
veloped cracks, which NYCTA claimed were covered 
under the warranty. Pullma n was req u ired to pay 
NYCTA $72 million in claims for this p roblem alone. 
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The size of the order strained Pullman• s production 
staff, The work force was increased from 250 to 
l, 700, resulting in substantial learning-curve, 
quality control, and schedule problems. By the end 
of the program, Pullman had lost $45. 78 million on 
the order. 

The first contract for new light rail cars in 20 
years was awarded in 1973 to Boeing-Vertol, another 
firm new to the industry, Boston and San Francisco 
made a joint award for 230 (late r 275) cars to be 
bu ilt to an UMTA-sponsored standard light rail vehi­
cle (SLRV) specification. None of the three old-line 
oar builders oho11a to bid on thiR nrc'IP.r: Rt. T,ouis 
Car was essentially out of the business, Budd was 
building only unpowered cars at the time, and Pull­
man was occupied with other work, The cars were 
complex and the design was new. Reliability and 
maintenance problems developed that had to be fixed 
under warranty, Inflation also ended Boeing's prof­
its. The estimated loss on the 175-car Boston order 
was $40,000 per car, 

Foreign competition became an increasingly im­
portant factor through the 1970s, as did the ques­
t ion of transit car standardization. As the Metro­
politan Atlanta Rapid Transit Authority (MARTA) 
prepared to order its cars in 1975, t here was hope 
throughout the car-building industry that one of t he 
cars already in production would be suitable f o r 
this new rail system. Both Pullman and Rohr had 
hopes of selling modified versions of the R-46 and 
the Wash ington Metropolitan Area Transportation 
Authority (WMATA) car, respectively, MARTA officials 
and its consultants decided that these cars did not 
suit the system requirements and as a result Pullman 
dropped out of the bidding and Rohr, in a poor fi­
nancial position from its BART and WMATA orders, 
withdrew from the market altogether on May 28, 1976, 

GE officials spent a year discussing the specifi­
cations with MARTA and believed that they had a good 
11nnPr«t-.,.niHng of the car design and contract terms, 
When the bids were opened, Franco-Belge unexpectedly 
won the contract, underbidding GE, the only U.S. 
bidder, by more than $10 million on a 100-car order. 
Later in 1976, following another bid lost to a for­
eign ca r bu ilde r , GE abandoned he car-manu fac turing 
business , claimi ng that the seal ed- bi d l ow-price 
procurement f avored i nexperienced bi dde r s who did 
not understand t he ri sks i nvolved i n t he i ndustry , 

Nineteen separate bids were received from 10 
different bidders in response to the Greater Cleve­
land Regional Transit Authority's (GCRTA) advertise­
ment for light rail cars, the first since the Bos­
ton-San Francisco order, The three remaining U. s, 
car builders--Budd, Pullman, and Boeing--all sub­
mitted bids but were underbid by Breda of Italy. 
Pullman, the lowcot u. S, bidder, 11uad to halt fea­
eral funding but lost. Budd, teamed with the urban 
Transportation Development Corporation (UTDC) in a 
conso r tium called Cleve-t ran, was making its first 
bid on a self-propelled passenger car since the M-1 
in 1967. The company had returned to the market in 
late 1972 with an order for 25 bilevel commuter cars 
for t he Burlington Northern Railroad, making a deci­
sion to concentrate on cars without propulsion 
systems. 

Following the GCRTA award, Congress passed the 
Surface Transportation Assistance Act of 1978, which 
included a Buy America clause. This may have had an 
effect on the competition for the next two orders, 
for Chicago and Baltimore-Miami, because only the 
bidders were U.S. companies. 

When CTA ordered 300 cars in the 2600 series, 
Budd, Boeing, and Pullman were in competition once 
again, with important consequences for all three 
firms. Budd won a large order and a subsequent fol­
low-on contract, which brought it back fully into 
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the transit car manufacturing business, Boeing, 
however, had expected to win this order, having just 
completed a 200-car order for similar cars on which 
i t had lost money. When bids were opened, Budd had 
underbid Boeing by $140,000 per car. The loss of the 
order convinced Boeing officials that there was 
little or no profit to be made in the industry, The 
CTA bid opening also showed Budd to have underbid 
Pullman by almost half. Pullman's losses on the R-46 
and the National Railroad Passenger Corporation 
(Amtrak) Superliners, coupled wi t h the failure to 
win its last two bids in Clevel and and Chicago, 
c<111s.Prl thP. compa ny to withdraw completely from t he 
passenger car mar ket on March 21 , 1978. Followi ng 
Pullman• s ac t ion, Budd r emained the sole domes tic 
car builder, Shortly thereafter its stock was ac­
quired by Thyssen of West Germany, and it became a 
wholly owned subsidiary of that firm. 

The domestic industry in the 1980s reflects the 
language of the Buy America provisions. Recent 
orders have tended toward use of domestically pro­
duced subsystems and final assembly of the cars in 
plants located near the city for which the cars have 
been bought, 

FACTORS AFFECTING THE INDUSTRY 

Analysis of the rail-car orders during the last 15 
years and information from interviews with car 
builders and transit authorities point to a number 
of factors that affected the industry in the united 
States. All of them contributed to the one major 
problem: the lack of profitability of rail-car manu­
facturing, 

Procurement Practices 

Low-Bid Criteria £or Award 

Most rail-car procurements since 1965 have relied on 
a sealed-bid, fixed-price method. There are a number 
of problems with this policy. One is that a low-bid 
award does not take into account operating and main­
tenance costs over the life of the equipment pur­
chases, Because the capital cost is the only factor 
governing the award, this may force a car builder to 
buy lower-quality subsystems and materials in order 
to win the contract. When the builder cannot put 
high- quality equipment i nto the car, performance and 
r eliabi lity are affec ted , which may lead to high 
warranty costs and reduced or eliminated profitabil­
ity of the order. Also, when car builders do bid 
equipment of hiqher quality (and perhaps lower main­
tenance cost), the probability of winning the con­
tract may be reduced. 

The low-bid criteria may also discriminate 
against the experienced bidder, car builders ex­
perienced with the specified equipment and the terms 
and conditions of a proposed order can assess the 
risks of the order more accuratel y than inexperi­
enced firms. Prices reflect perceived risk, and in 
anticipating this risk, experienced car builders 
have tended to bid higher, making it less likely 
that they will win the order, 

Foreign bidders, particularly those with little 
or no experience in the United States, may not fully 
understand the risks in the U.S. transit market. 
Foreign business practices differ, for example, 
court judgments in lawsuits are usually not as high, 
As a result, foreign bidders may not allow for suf­
ficient bonding or liability insurance, thus lower­
ing the cost of these items and allowing the firm to 
bid lower. 
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Escalation and Progress Payments 

The method of financing rail-car purchases has also 
changed during the past 15 years. Until the early 
1970s procurements were financed by the car builder 
using working capital and borrowed funds. The tran­
s it authority paid for the cars on acceptance at the 
end of the contract. The interest costs of whatever 
money was borrowed were spread across the car order 
as part of the unit price per car. If there was 
concern about price escalation for a particular con­
tract, its effects were estimated and also added to 
the pr ice of the car. The car builder assumed all 
responsibility for inflation, building protection 

" into the bid price. By taking on the responsibility 
for inflation and interest fluctuations, the car 
builders were gambling that these costs would be 
predictable. 

In the early 1970s the financial environment 
changed drastically. The costs of money and infla­
tion rose much faster than had been anticipated. 
Figure 1 shows the trend of the prime rate since 
1971 plotted quarterly, and Figure 2 shows two in-
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FIGURE 1 Prime rate plotted quarterly, 1971-1983. 
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dexes of inflation commonly used in calculating 
escalation factors--the wholesale price index for 
metals and metal products, code 10, and the average 
hourly earnings for the Railroad Equipment Gr o up of 
the Transportation Industry, standard industrial 
classification (SIC) 374. Both are compiled monthly 
by the Bureau of Labor Statistics, U.S. Department 
of Labor. Although wage rates increased at a fairly 
even pace during this period, there was a 29.4 per­
cent increase in material costs in 1974, most likely 
caused by the behavior of fuel prices at that time. 
The prime rate also increased from 6.5 percent at 
the beginning of 1973 to a high of 11.75 percent in 
mid-1974. 

The overall effect was that car builders incurred 
additional expenses that were not reimbursable. In 
some cases this occurred only a matter of months 
after the contract had been awarded. The costs of 
borrowing money, buying materials, and paying wages 
necessary to build the car were much higher than 
what had been reflected in the bid prices. 

Pullman was one of the manufacturers caught with­
out provision for inflation. The R-46 was bid for 
$275,381 per car in 1972. In 1976, while still in 
production, a modified version was offered to 
Atlanta for more than $400,000 per car. Boeing's 
light rail vehicle sold to Boston for approximately 
$300,000 in 1972 and was bid to Cleveland in 1977 
for $870,000 while still in production. The insta­
bility of prices and interest rates forced two 
changes in the method of financing rail-car procure­
ment. Escalation clauses and progress payments be­
came much more prevalent in contracts. Both of these 
cha nge s help spread the new risks more equitably 
bet ween the buyer a nd seller. 

In most escalation clauses, the transit authority 
promises to pay the car builder for increased costs 
in labor and materials; these increases are based on 
a published index rather than on the actual costs to 
the car builder. As a result, the procurement is not 
a cost-plus arrangement, which would put all the 
risks of inflation on the buyer. The two indexes 
most often used in u.s. contracts are those shown 
earlier in Figure 2. A typical breakdown is the one 
used in 1979 for the Baltimore-Miami rapid rail-car 
procurement. The cost of the car is considered to 
consist of 60 percent materials and 30 percent labor 
subject to escalation and 10 percent profit, which 
is not escalated. The Baltimore-Miami contract is 
one that puts a cap on the escalation clause. In­
creases in prices and wages over the length of the 
contract will be paid up to a certain limit but not 
above it. Baltimore capped escalation at 15 percent 
of the costs, whereas Miami (which had a longer 
delivery schedule) capped it at 20 percent. 

Progress payments, if planned correctly, remove 
the necessity for borrowing money to finance car 
construction. At various points in the contract, the 
manufacturer is advanced the money needed to buy 
subsystems and materials, based on proven completion 
of a portion of the work. There is less agreement in 
the industry on progress payment schedules than 
there is for factoring escalation. The importance of 
progress payments is demonstrated by the R-46 order. 
Earlier payments by NYCTA allowed Pullman to provide 
nine more cars without increasing the total contract 
price. 

Other Contract Terms and Conditions 

Three types of contractual conditions have affected 
the industry's ability to make a profit. The first 
of these controversial practices is the clause 
called "Authority of the Engineer.• In many cases 
the buyer's engineer or his delegated representa-
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tives have had unilateral power to interpret speci­
fications, shut down production lines, or decide when 
the car builder will be paid for the work. This adds 
considerable risk to rail-car ~anufacture , NYCTA used 
this clause in the R-46 contract to stop Pullman's 
production and redesign the car, Pullman's expense 
for labor and materials continued while work, and 
subsequent payment, was delayed. The net effect was 
to add time and cost to production without 
recompense. 

The second contractual clause relates to pen­
alties and liquidated damages. According to manu­
fa,:,t11rPrR, liquidated damages can be assessed up to 
the full price of the contract, which they consider 
unreasonable (l,p.17). These l arge penalties have 
not been show; to improve performance in meet ing 
reasonable delivery dates. A penalty to the full 
price of the contract would result in delivery of 
cars free to the transit authority, paid for by the 
manufacturer, which could easily put the firm out of 
business. Again, risks are added without recompense. 
Compounding the problem is the Authority of the 
Engineer clause. "One of the CTA's recent contracts 
says that it can s uspend work any t i me its engineer 
see fit, and the CTA has the authority to determine 
whether construction delays are avoidable--a central 
decision when the builder must pay a penalty for 
late delivery of cars" (2). Reasonable penalties for 
late delivery are not the issue here. The problem 
has been the lack of an upper limit on penalties. 

Guaranty, warranty, and reliability provisions 
have changed during the last 15 years. Warranties 
became too abs trac t, not defining the responsibili­
ties of the buyer and the seller clearly and without 
ambiguity. Car builders complained that warranties 
were being used to cover maintenance activities, and 
transit authorities claimed that the manufacturers 
were refusing to do warranty work. Problems with new 
rail cars led to a trend to tighten warranties and 
make them more stringent. More subsystems were added 
under separate warranties and the length of coverage 
was extended. Warranty of reliability was added 
through fleet failure rate p rovisions . The increas­
ing length and lack of de fin ition brought more r isks 
to the seller , because it increased the likelihood 
that more retrofit work would be required. The vague 
language of some warranties was subject to unilat­
eral interpretation by the transit authority's engi­
neer, again shifting the risks to the car builder 
without recompense. The net result was a loss of 
profitability on the order or a higher bid price to 
r.over risks. 

Car Design 

Design Specifications 

There are two basic types of specifications used to 
purchase rail t r ansit roH ing stock: des i gn (ha rd­
ware) and per formance (functional) . A des ign speci­
fication t ells t he s uppliers exactly wha.t t o build, 
i nclud i ng mate rial dimensions and in some c ases make 
and model number. Performance specifications tell 
the supplier how the finished product must perform. 
Most transit-car specifications combine both these 
approaches. Design specifications are used in rail­
car procurements in order to force compatibility 
with the purchaser's existing fleet or to ensure 
that new equipment meets physical and operational 
constraints on an existing system. Design specifica­
tions tend to discourage innovation. Although ex­
perience from other jobs may point to better engi­
neering solutions, they may not be allowed. Tooling, 
manufacturing process es , and shop practices may be 
constrained by the s pecification so the supplier 
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cannot use what he considers to be his most effi­
cient techniques. Materials and subsystems may have 
been specified directly, so price or quality cannot 
be improved (or degraded) by substitution. 

Diffused Responsibility 

The buyer, the builder, subsystem suppliers, and 
consultants ( if used) all have partial responsibil­
ity for the finished product. It can be difficult to 
assign liability for problems or failures. 

Complex Technology 

The long hiatus in rail transit research and devel­
opment was partly to blame for the explosion of 
sophisticated technology that affected so many 
procurements. Technological advances in the 1960s 
and 1970s caused problems throughout the industry. 
The Budd Metroliners, PATCO cars and M-ls, Pullman 
R-46s, St. Louis Car R-44s, GE M-2s, Boeing light 
rail vehicles, and Rohr cars for BART and WMATA all 
had problems attributed to trying to introduce new 
technology too fast or to apply new technologies 
i nappropriate to the operating environment. 

A related p r oblem was revolutionary design. In 
all of the orders just named, cars were specified 
that had never been built before. Even when subsys­
tems are of proven design, increasing complexity 
leads to problems when systems are integrated. No 
one was prepared for these problems, and the proto­
type stage of development, which can be used to iron 
them out, was omitted, leaving development and 
production combined into one step. The result was 
entire production runs of cars in a hybrid state of 
development, causing poor reliability and increased 
maintenance costs. 

Standardization 

Standardization of rail transit cars has been a 
long-sought goal but an elusive one. Differences in 
track radii, tunnel clearances, speed and accelera­
tion requirements, and maintenance practices at 
different transit agencies have made different car 
designs necessary. Lack of standardization, however, 
has contributed to several problems in the industry. 
One is the lack of economies of scale. In many cases 
new equipment must be designed for every car order, 
resulting in engineering, tooling, and start-up 
costs that must be folded into production costs, 
even for small production runs. 

The lack of standardization has fragmented the 
marketplace. Instead of a large market for two or 
three designs, there are many small markets for 
dozens of designs. It is difficult for a supplier to 
jus ti f y investment in plant and labor for each small 
production run. There is less interchangeability 
when every part is different. Buyers face problems 
with price competition and availability of replace­
ment parts. 

Market Conditions 

Size of Market 

compared with other transportation markets, the rail 
transit car market is small. As shown in Table 1, the 
total number of rail cars ordered is approximately 
300 to 600 per year. The number in each order can be 
as small as the 14 light rail vehicles ordered by 
San Diego. The market may be too small to support a 
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TABLE 1 Number of New Vehicles Delivered 
Annually: 1971-1980 Average 

Type of Vehicle 

Automobile, taxi, and motorcycle 
Truck 
Freight car 
General aviation 
Transit bus 
Locomotivea 
Intercity bus 
Rail transit 
Air carrier 
Intercity and commuter rail car3 

8
Includes totals for Amtrak and Class I railroads. 

No. of 
Vehicles 

J 1,439,000 
3,074,000 

34,129 
13,859 

3,770 
l,J 8 l 

738 
264 
237 
184 

domestic manufacturing industry that does not export. 
To some extent the industry's problems in the early 
1970s were caused by too many large manufacturers 
competing for too small a market. 

The small size contributes to the riskiness of 
the industry. A large amount of capital and skilled 
labor must be conunitted by the car builder in order 
to win business. This large conunitment of resources 
is made in order to build only a few cars each year, 
at best only two or three orders are built simulta­
neously. Because factors beyond the car builder's 
control make it difficult to predict whether a 
profit can be made on a particular order, the firm 
must in effect bet its entire manufacturing facility 
every time it makes a bid. 

Attracting capital to such a small industry is a 
problem that has been in existence since the 1930s. 
U.S. capital markets favor growing sectors of the 
economy out of proportion to their size. A small, 
declining industry, as this one has been, has the 
most difficulty issuing stocks and bonds or borrow­
ing funds. 

Uncertainty 

The number of cars ordered varies widely from year 
to year. There is no funding conunitment for a spe­
cific rail-car replacement rate from transit au­
thorities or governments. The uneven market puts a 
strain on the bidding process. When several requests 
for proposals (RFPs) are released in just a few 
months and then none at all for a year, the car 
builder cannot put together a high-quality bid on 
all the work that may be available. Long periods 
with no work mean that the car builder may have to 
build, dismantle, and rebuild production staff and 
capacity repeatedly. This adds to nonrecurring costs 
of personnel recruitment and training when experi­
enced craftsmen are lost. 

Delivery Schedules 

Delivery schedules are not geared to match the car 
builder's most economical rate of production. A 
large order may have to be built in a short period 
of time, causing a substantial learning curve. 
Without negotiation of the contract specifications, 
the car builder has no opportunity to change the 
delivery schedule, even if this might result in a 
lower price. 

Competition 

Intentional Underbidding 

In many cases the low-bid selection process en­
couraged car builders to deliberately bid under cost 
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in order to get an entrance into the market, using 
one order as a loss leader for the next. This is not 
a successful tactic in the long run. In the words of 
Arthur Hitsman of Boeing in 1979 (l): "There is 
really no opportunity to bid low on a transit car 
program and hope to make it up on the next order, 
because there is always going to be some new guy 
bidding the next order and he is going to be figur­
ing that he will bid low this time and make it up on 
his next contract.• 

Entry of Aerospace and Foreign Firms 

With the slowdown of traditional aerospace business 
and increased federal funding of rail equipment in 
the late 1960s, aircraft manufacturers were en­
couraged to enter the transit market. Foreign car 
builders apparently entered a void in the u.s. 
industry that had opened up because of other fac­
tors. The result of new entries into the business 
was to decrease the fraction of the market available 
to any one car builder. The market had been too 
small for the three traditional car builders, new 
entries made it more difficult for any firm to win 
enough enough orders to survive. To the extent that 
foreign markets are closed to U.S. manufacturers 
(4,p.27), overseas car builders have a sustaining 
market unavailable to u.s. firms. 

Federal Involvement in the Rai l Transit Industry 

The creation of UMTA in 1964 (as part of the Depart­
ment of Housing and Urban Development) with funding 
for capital improvements helped to revitalize a 
decaying trans! t industry. Seventy-five percent of 
the capital grants made between 1965 and 1970 went 
to rail systems. Of the rail grants, roughly half 
the amount was spent for rolling stock. The early 
legislation aided the rail transit industry to a 
much greater extent than it aided any other mode. 

The two most significant pieces of legislation 
affecting the industry were the Urban Mass Transpor­
tation Assistance Act, as amended in 1970, and the 
Surface Transportation Assistance Act of 1978. The 
1970 legislation was important for the level of 
funding it set for the UMTA program in future years. 
The 1978 act incorporated several important provi­
sions discussed in the following and signaled in­
creased congressional interest in the workings of 
UMTA and the mass transit industry. 

Section l of the Urban Mass Transportation As­
sistance Act of 1970 called for (5,p.49) •a federal 
conunitment for the expenditure of-at least $10 bil­
lion over a 12-year period, to permit confident and 
continuing local planning and greater flexibility in 
program administration." This was a quantum leap in 
funding, allowing for an average of $980 million an­
nually during the period compared with an average 
$113 million in grants from 1965 to 1970. This ex­
pansion of the program (shown in Figure 3) essen­
tially created UMTA as it exists today. The conunit­
ment to funding allowed the agency to fund new urban 
rail systems in Baltimore, Atlanta, and Miami. The 
Washington, D.C., rail system was also begun at this 
time, funded by a separate appropriation. The com­
mitment encouraged new rail starts both because of 
its magnitude and because of the 12-yea.r program, 
which gave the time for planning and implementation 
needed for rail transit. 

One other provision of the 1970 act became very 
important in the fortunes of the domestic rail-car 
manufacturers. This was Section 10, which influenced 
the entry of aerospace firms into the transit busi­
ness (_~,p.50): 
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SECTION 10. The Secretary of Transporta­
tion shall in all ways (including the provi­
sion of technical assistance) encourage 
ind us tries adversely affected by reductions 
in Federal Government spending on space, 
military, and other federal projects to 
compete for the contracts provided for under 
sections 3 and 6 of the Urban Mass Transpor­
tation Act of 1964, as amended by this Act. 

Congressional concern about the health of key 
defense contractors led to this provision. The goal 
of increased competition was well intentioned, but 
the size of the market was not increased enough by 
the funding to allow the goal to be met. 

$ (Millions) 

1400 l-+--+-l-1-+--+-l--l--l- --+-l--l--+--t--l-1 

1300 l--l---1---l--1-----l---1---l--1-----1--1---1-./--f--!a=l-l -
1200 l---l---1---l--1-----1---1---l--l------l--l--l-l=ot--- t--l-l 

1100 l--l--+-1-1--l--+---1--1-- 1- ~- +--+-I-I-+--! 
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FIGURE 3 UMTA funding for capital improvements, 
adjusted for inflation ($1970). 

The 1978 act incorporated another significant 
provision for the rail transit industry: Section 
401, Buy America. This section had its antecedents 
in the Buy America Act of 1933, which stated that no 
federal money could be spent on direct purchases of 
foreign products. In 1978 Congress wrote a parallel 
to this act, creating a section that would apply to 
indirect purchases through federal grants. Until 
1978 such purchases had never been covered by any 
type of Buy America legislation, and since 1978 
there have been no other extensions into other 
federal programs. Section 401 states that (5,p.46) 
wonly such manufactured articles, materials and 
supplies as have been manufactured in the United 
States substantially all from articles, materials 
and supplies mined, produced, or manufactured, as 
the case may be, in the United States will be used 
in such project(s).w UMTA has interpreted the phrase 
wsubstantially all w to mean that the value of the 
U.S. content of purchased equipment must be more 
than 50 percent. 

Although the federal government is often blamed 
for the problems of the rail transit industry, it 
must be recognized that its influence, on the whole, 
has been to the industry's benefit through funding 
of capital improvements. Problems of poor procure-
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ment methods attached to public purchasing, although 
influenced by federal oversight, result from legis­
lation at the state and local level forbidding the 
use of any method except competitive bidding. When 
the problem was recognized in 1978, the process was 
opened up and local governments were encouraged to 
pass legislation allowing negotiated procurement. 
This has since occurred in several states. 

The large number of competing firms in relation 
to the size of the market in the early 1970s was a 
continuation of a problem that had existed for years 
previously. The addition of a few new companies led 
to enormous overcapacity for a limited market. 
Increased funding did not add enough orders to keep 
all the manufacturers in business, and some firms 
dropped out. 

The replacement of excess domestic competitors by 
foreign firms was recognized as a problem by 1978, 
and Buy America legislation was passed to rectify 
the situation. By now there is less domestic in­
dustry to protect, and the increasing trend away 
from UMTA-funded procurements to other methods of 
financing has made this provision less effective. 

TRENDS 

Two forces have been shaping the rail transit car 
manufacturing industry in the last 2 years. Federal 
funding of transit programs was reduced so that 
initially all new rail starts in cities without rail 
transit were put on hold. Although with passage of 
the Surface Transportation Assistance Act of 1982 
some new starts have proceeded, the future remains 
unclear. The other force is a reaction by transit 
authorities to the reliability problems and high 
cost of transit cars purchased during the last de­
cade. The problems incurred by BART, WMATA, and MARTA 
have shown that there was something seriously wrong 
with the method of design and procurement of rolling 
stock. The ahift to lcc~l funding has been the 
catalyst for changes in technical specifications, 
procurement methods, and financing. 

Except in New York and Chicago, transit author­
ities are becoming less involved in designing cars. 
Performance specifications are becoming much more 
conunon. Houston is using a very general performance 
specification for its rapid rail procurement and in 
fact will design much of the system after the car 
has been chosen in order to allow many possible 
designs. This same philosophy is being pursued for 
light rail car procurements in Sacramento, San Jose, 
and Los Angeles-Long Beach. 

Although older transit authorities do not have 
this liberty because of civil and system constraints 
of a system already in place, they are writing less 
detailed specifications. All of the LR'r cars bought 
since the PCC car have used performance specifica­
tions that allowed a wide range of design. 

A related change is the trend toward service­
proven equipment. In some cases, particularly light 
rail purchases, this means buying a car Roff the 
shelfR from a manufacturer who has built the car 
before. This was the way San Diego purchased cars 
for its new light rail line as well as the way in 
which Santa Clara County and Sacramento are purchas­
ing theirs. Standardization of procurement methods, 
specifications, and car subsystems can facilitate 
this process, which should reduce nonrecurring costs 
to the car builder and bring production lines fur­
ther along the learning curve. 

New York's R-62 procurement is using a design 
specification that calls for (i,p.2) wequipment 
previously furnished and found satisfactory on the 
NYCTS • • • • The R-62 will be made reliable and 
maintainable by sound design based upon actual 
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operating exper ience--and not based on some unsub­
stantiated language written into the technical 
specification." 

The abandonment of the sealed bid in favor of 
methods allowing more negotiation of technical and 
contract specifications has helped speed the change 
in car design. Competitive bidding required a tight 
specification, because all the bidders had to be on 
an equal footing. Two-step procurements allow bid­
ders to negotiate the specification requirements 
until they and the transit authority are satisfied 
with the result, at which point the price is con­
sidered. 

San Diego made the first procurement in 20 years 
that was purely negotiated. State laws have pro­
hibited public agencies in most states from price 
negotiation, requiring the selection of the lowest 
bidder. In 1982 both the New York and Georgia legis­
latures passed laws allowing full negotiation of 
contract terms and pr ices in the same manner by 
which private industry buys its goods, specifically 
to aid in rail transit purchases. In Atlanta the 
results of a bid opening for 30 cars to the author­
ity's design with a sealed-bid procurement was a 
price 31 percent higher than the engineer's esti­
mate. MARTA reissued the contract advertisement to 
four bidders for negotiation on escalation, price, 
contract terms and conditions, and technical re­
quirements. When negotiations were concluded in 
September, Hitachi was the apparent low bidder with 
a price 84 percent of its original bid. 

Insufficient federal funding has prompted a 
search for alternative methods of paying for rolling 
stock. New York City has become a leader in this 
search. Two new sources of funds have been si;,ear­
headed by the New York MTA: One is the safe harbor 
leasing provision written into the 1981 Economic 
Recovery Tax Act and the other is the concept of 
supplier financing. Both have been used extensively 
in other industries: the application to transit is 
new. 

Safe harbor leasing allows transit authorities to 
sell the tax depreciation of that portion of new 
rolling stock not federally funded. A private party, 
after putting up 20 to 25 percent of the price of 
the vehicle, may depreciate the full cost in 5 
years. The authority finances the other 75 to BO 
percent through its own bonds. The private party 
pays the remainder back to the authority over the 
life of the vehicle and, because that party retains 
title, the authority leases the vehicle back at the 
same price. The private party gets the tax write­
off, and the authority has full beneficial use of 
the vehicle at BO percent of its total cost. This 
is, of course, an indirect federal subsidy of the 
capital cost of rolling stock, because the money 
saved by the authority comes out of the U.S. Trea­
sury via tax write-offs. The New York MTA is the 
first transit authority in recent years to issue 
bonds backed by fare revenues. These bonds were used 
for the R-62 and R-68 purchases. 

Purchases without federal funding also removed 
federal financing, which originally made progress 
payments more feasible. This makes the question of 
financing the procurement more important and an 
element of negotiation. In some cases a supplier can 
improve his competitive position by arranging fi­
nancing at a rate below that available to the tran­
sit authority. 

In the commercial aircraft industry, it has been 
standard practice for manufacturers to finance 
purchases of their equipment. When all the suppliers 
have access to the same interest rates and money 
markets, competition is fair. However, the interest 
rates available to a foreign supplier through an 
export bank may be lower than those available to 
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domestic suppliers. This has caused Boeing some 
difficulty recently. 

In 1982 during the negotiations for the second 
part of the R-62 order, the prime rate in the United 
States was 16.5 percent and the municipal bond rate 
was around 12 percent. Bombardier, through the 
Canadian Export Development Corporation, was able to 
arrange 9.7 percent financing, giving the firm a 
$130 million advantage over Budd and allowing Bom­
bardier to win the order. Had Budd not withdrawn its 
complaint, a Department of Commerce ruling would 
have forced Bombardier to pay duties equivalent to 
the subsidy. In contrast, the financing offered by 
Hitachi for the recent contract award in Atlanta was 
rejected as more costly than that available to MARTA. 

Supplier financing will most likely become a more 
common part of procurement negotiations where fed­
eral funding is not available, although the choice 
may be not to use it, as MARTA has done. Houston's 
recent call for bids requested suppliers to develop 
a package for financing 85 percent of the cost of 
the order. 

RECOMMENDATIONS 

There have been three significant problems in the 
industry in the past: sealed-bid, fixed-price pro­
curement during high inflation, unreliable tech­
nology: and an erratic market. The transit industry 
has recognized all of these problems and has worked 
toward a solution of the first two. The market 
problem remains. 

Procurement trends indicate where new problems 
may arise. Specification requirements that require 
proven equipment to be supplied will make it more 
difficult to introduce new technology or innovations 
or even new cars. The problems that came from at­
tempting to innovate too quickly are well known and 
the industry is apprehensive about innovation. 
Nevertheless, as technology progresses, transit car 
designs should also be improved. some cars now in 
production are based on early technology and do not 
incorporate some of the most successful innova­
tions: low-alloy high-tensile (LAHT) steel (1930s) 
or chopper control (1960s), for example. The in­
dustry must still find a solution to the problem of 
gradually introducing new technology. 

The trend toward supplier financing will have 
severe impacts on the competition between foreign 
and domestic car builders. When one car builder has 
access to financing at a favorable interest rate 
unavailable to its competitors, there is an advan­
tage. This problem has occurred in other industries 
with no real solution to date. 

The size and shape of the replacement market for 
rail transit cars is a major factor affecting the 
car-building industry in the United States. As shown 
in Figure 4, between 1983 and 1990 there will be 
approximately 1,000 cars that will require replace­
ment or be needed for new rail starts that have not 
already been ordered. Between 1990 and 1995 only 900 
cars will be required. The market from 1995 until 
well past the turn of the century is 500 to 600 cars 
per year, and there is little likelihood of any 
significant increase in orders beyond this figure. 

The erratic market is a problem that has been 
cited by other studies but has never been con­
fronted. Each transit authority determines when it 
will go out for bids to order cars. It also sets a 
delivery schedule for the car builder to meet. This 
produces periods with too many orders to be bid on 
efficiently and periods with too few orders to 
sustain production capacity. 

In 1977, UMTA recognized that there were a large 
number of orders coming up and worked with the 
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FIGURE 4 Future U,S. rail-car market, 5-year periode. 

transit authorities to avoid issuing a large number 
of RFPs in the same year, but without much success. 
Neither UMTA nor the federal government has direct 
control over when a grant recipient will spend his 
funds. However, UMT.i\ can influence car orders by 
sequencing grants. Although this has not been tried, 
it would be a powerful tool to help regularize the 
market. By holding back grants from the authorities 
when demand exceeds capacity or making more funds 
available when orders are scarce, UMTA might help 
stabilize the market. It would require a consensus 
from local authorities, Congress, and UMTA that a 
more regular market and stable supply industry were 
in their best interests and transcended other con­
cerns. 

The trend away from federally funded procurements 
(San Diego, New York, Houston) will further reduce 

UMTA's ability to influence the market. The industry 
could attempt to regularize the market voluntarily 
through such organizations as the American Public 
Transit Authority and the Railway Progress Insti­
tute. This type of self-regulation has been rare to 
date, although there are enough signs of cooperation 
on other matters to make the effort worthwhile. 

Another source of stability would be a fixed, 
certain level of transit funding similar to the 
Highway Trust Fund that would allow long-range 
planning and budgeting by transit authorities. 
Assurance of funds for rail-car purchases over a 
decade would allow local authorities to spread 
orders out evenly instead of buying as many cars as 
possible while funding is available. 

If this erratic market remains, it is up to the 
car builders to make whatever adjustments they can 
in order to continue in business. Two adjustments 
are indicated by size and shape of the current 
market. The first is to maintain a diversified 
product line. Oniy the car builders with the engi­
neering and production staff and the capability to 
build all types of passenger cars will withstand the 
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steep swings in car orders that are projected for 
each type of rail car. The light rail car builder 
faces 10 years of virtually no orders in the 1990s, 
and an average of 50 to 60 cars per year after that. 
In order to recoup an investment in plant and staff 
it will be necessary to build some other kind of 
rail equipment in the lean times. continual work 
requires diversification. 

The second adjustment is to gear production 
capacity to a typical order size of 100 cars. In­
vestment in enough capacity to produce 700 cars a 
year is counterproductive when the market averages 
500. U.S. ~at uulluets must learn how to turn out a 
small order of cars profitably. Order sizes will 
remain small (except for New York), and it will be 
necessary for a car builder to turn down orders 
where the method of procurement, design of the car, 
or terms and conditions will eliminate the chance of 
a profit. Bombardier decided not to bid the San Jose 
Santa Clara County Transit District light rail 
procurement even though it qualified because they 
said too many changes were requested in the design 
of the car. 

Research, development, and introduction of new 
technology should be a cooperative effort. It has 
~at been managed well in the rail transit industry, 
1n many cases because the prototype demonstration 
stage of the cycle has been skipped. Demonstration 
is the most expensive part of the cycle. A prototype 
of concepts that have been tested in the lab must be 
made (essentially by hand), fitted onto existing 
equipment, and service tested. 

Manufacturers have indicated a willingness to 
fund research through the laboratory stage. Author­
ities are willing to buy new designs once they have 
been proven in service. There is a gap in between 
that neither party believes it has the responsibil­
ity for nor the ability to afford. Bridging the gap 
may be a proper role of UMTA R&D funds, which it now 
carries out under Section 3 (a) (1) (C). Recently UMTA 
provided funds through this program for the test and 
evaluation of a new brake system for the WMATA fleet. 

The best method of introducing new technology is 
to do it slowly and incrementally as a small portion 
of an overall proven system. Relying on a completely 
new design invites large risks. The need for high 
reliability in rail transit and the small market 
limit the amount of innovation that is feasible for 
each car order. 

Rail-car manufacturing is not the only industry 
facing the problem of competing for credit against 
export financing. This problem has to be addressed 
at high levels of government. It is one that only 
the federal government can resolve because it also 
affects steel, aircraft, machine tools, and other 
inuustries. Protectionism is one solution--high 
tariffs on imports that raise the cost of imported 
goods to the advantage of domestic industry. From 
the standpoint of free and open markets, this is an 
unacceptable solution. Legislation that allows the 
Export-Import Bank or another arm of the federal 
banking system to match the credit rates offered by 
foreign suppliers is another possible solution. This 
would allow every manufacturer to offer more equal 
terms, reducing the importance of financing in the 
choice of a car supplier. 
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Automated and Passenger-Based Transit Performance 
Measures 
KELVIN BUNEMAN 

ABSTRACT 

Operational performance measures of a tran­
sit system are often best expressed in terms 
of the passenger. These include measures of 
productivity per passenger trip or per 
passenger mile, measures of crowding or seat 
capacity, and measures of on-time perfor­
mance or schedule adherence. At the Bay Area 
Rapid Transit, detailed operational data are 
available daily as a by-product of automa­
tion, which saves considerable manual data 
collection. A computer program to use these 
data to produce operational performance 
measures is described. The program runs 
daily to allow schedulers to allocate vehi­
cles accurately, which yields energy and 
maintenance savings, and for ongoing analy­
sis of delays. Passenger-based delay mea­
sures are produced that have hitherto been 
unavailable. 

Measurement of crowding or seat occupancy is rele­
vant in two ways. First, during the peak periods, 
most transit systems are subject to a fleet size 
constraint. There are only so many buses or rail 
cars available, and some passengers have to stand. 
It is important to balance capacity among all routes 
to avoid an excess of standees on any particular 
route. Passenger demand varies within the peak 
period; for example, it may be highest between 7:30 
and 8:00 a.m. but still heavy at 8:30 a.m. Sched­
ulers must also balance capacity between the dif­
ferent times within the peak. Second, during the 
off-peak periods, it is important to operate no more 
vehicles than the minimum needed to guarantee most 
passengers a seat. This can be done in train systems 
by changing headways or train lengths. Headways may 
be mandated by externally imposed minimum service 
requirements, but train lengths are adjustable 
subject only to physical constraints such as the 

mini.mum indivisible train set length. An excess of 
vehicles will incur unnecessary energy and main­
tenance costs because of extra vehicle miles 
traveled. An under supply of vehicles causes crowd­
ing, which may drive passengers away. 

Measurement of on-time performance is generally 
done in terms of the number of late or missed bus 
runs or train runs. However, it is useful to produce 
statistical information on train delays as experi­
enced from the passenger's point of view. Passenger­
based on-time performance measurement puts in proper 
perspective the magnitude of system delays, dif­
ferentiating, for example, between a 30-min peak­
period delay versus a 30-min off-peak delay. It can 
assist a transit system in better allocating its 
resources toward various planned improvements and 
also provide a better measure of understanding of 
the actual impact of these improvements on passenger 
service. 

The major distinction between the standard train 
on-time reporting of passenger service and pas­
senger-based service measures is the weighting or 
importance given to a delay event. In train on-time 
reporting, as much value is given to an empty 3-car 
train delayed for 10 min as to a packed 10-car train 
delayed for the same 10 min. Obviously, the packed 
10-car train carries a greater impact on passenger 
service than the empty 3-car train and should be so 
measured. Passenger-based delay measures reflect 
this proper weighting by basing calculations on 
passenger trips that are on time rather than trains 
that are on time. 

A report prepared for UMTA in 1978 (!) addressed 
service availability at length, where service avail­
ability is defined as the impingement of failures on 
passenger-perceived service. The report is for 
automated guideway transit (AGT) systems, but the 
concepts discussed in the report are applicable to 
any transit system where there is substantial con­
trol over the vehicle and right-of-way, whether 
automated or not. In the report it is found that 
passenger-based service availability measures are 
most desirable but that these require more data than 
are collected by most operating systems. 

In 1979 Heimann (1,PP· 314-322) developed a pas-
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senger-based dependability measure. He modeled 
several hypothetical train delay incidents, showing 
train-to-train delay interactions and passenger-to­
train delay interactions. He then computed delays 
for several cohorts of passengers traveling between 
several different stations for each of the train 
delay incidents. Though He imann's work was based on 
the Ma.ssachusetts Bay Transportation Authority 
(MBTA) Red Line in Boston, a real system, he in­
tended to exemplify a process rather than actually 
compute the daily dependability of the Red Line. 

PRODUCTION OF PERFORMANCE MEASURES 

Data Collection 

In many transit systems, ride checks and point 
checks are necessary for measurement. These manually 
collected data must be coded for analysis, which 
requires a good deal of labor in the field as well 
as clerical effort at the central office. Budget 
limitations enforce limited checking and sampling. 
San Francisco's Bay Area Rapid Transit (BART) is 
fortunate to have both central computer train con­
trol and automated ticketing, which allow production 
of both train and passenger movement data, Central 
train control makes a record each time a train opens 
or closes its doors and of every train action. 

BART pioneered the stored-fare magnetically 
encoded t icket system, which has since been adopted 
by the Washing t on (D.C,) Metropolitan Area Transit 
Authority (W?AJ\TA). A comp ete description is inap­
propriate here: the key point is that the proper 
fare is determined at the exit fare gate by refer­
ence to a table indexed by station of entry. Thus, 
origin information for each passenger is available 
at the exit station. Obviously, destination informa­
tion--the fare gate's own location--is available and 
the time of exit can be recorded. Th is allows ac­
curate production of passenger counts each day by 
origin and destination and time of day--a travel 
demand modeler's dream. 

Computation of Performance Measures 

The steps from raw data on passenger and train 
movement to the final performance measures are shown 
broadly in Figure 1. Structured systems analysis 
notation is used (3). 

The passenger -flow model (PFM) system within 
Figure l (so called because one part of the system 
includes a simulation model) is the focus of this 
paper, Elements of the data flows into it are de­
fined as follows1 

- Train action is one record identifying an event 
such as an open door or a closed door, includ­
ing time of day, location, train identifica­
tion, and train length, 

- Exit counts by origin and 
passenger exit counts for 
possible origin-destination 
time of day. 

destination 
each of the 
(OD) pairs 

are 
34 2 

plus 

- Detail timetable for each scheduled train run 
on each route gives scheduled door closing 
times for the first and all intermediate stops. 
It gives door opening times for the final stop. 
In addition, it gives expected final arrival 
times at other stations for passengers who will 
transfer. Like the public timetable, this 
timetable is offset 60 sec earlier than the 
central control internal train schedule. This 
allows trains to get up to 60 sec ahead of the 
internal schedule without penalty. 

SCHEDULING 

Puhl ic 
Timetable 

Ueta 11 
Timetable 

Train 
Performance 

Transportation Research Record 992 

TRACKS IDE C TRCU ITS 

Track 
Occuoancies 

History of Train Actions 
for a 11 day 

EXIT GATES 

FIGURE 1 Data flow for performance monitoring. 

Tha rFM system ccne!sts of comptlter programs written 
in FORTRAN, The following detailed descriptions of 
the programs are intended to accompany Figure 2. 

Program 2.1: Automated Edit of Train Actions 

Program 2,1 checks the train actions for consistency 
against an internal map showing stations and routes, 
It assembles train actions into train runs. For 
these purposes, a train run is a sequence of train 
actions from train reversal to train reversal (gen­
erally from one e nd of the line to the o ther end of 
the line), Each action in a train run is tagged with 
the starting and ending stations for that run. 

Program 2,2: Matching Trains with Timetable and 
Generation of Train Performance Measures 

For each train run, Program 2,2 finds the slot in 
the detail timetable that most closely precedes the 
train's actual departure time, It then checks every 
actual station stop along the run against the sched­
uled time for that stop. Because time is measured to 
1-sec rather than l-min accuracy, it is important to 
distinguish between when the door is opened (ar­
rival) and when the door is closed (departure), The 
PFM system adopts the convention that the door 
closing time is the more important time for the 
first and all intermediate stops on a train run. The 
door opening time must be used at the final stop. By 
checking at each station, this program can an­
nunciate each train delay by location, which allows 
accurate analysis of delays. Four types of delay 
event are possible. First, a train may be dispatched 
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Train Action 
History 
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Pel"fonn11 nce 
e,uures 

FIGURE 2 Data flow within PFM process. 

Passenger 
Exit Counts 

late. Second, a train may be delayed en route be­
tween adjacent stations. Third, a train may be 
delayed at a station with its doors open--an exces­
sive dwell time. Fourth, a delay may extend across 
several stations--a slowly moving train. 

Program 2.2 can also generate standard train 
performance measures such as the number of train 
runs on time and end to end, the total number of 
successful train runs, and the number of cancelled 
or incomplete train runs. The program also has 
access to a table of distances between stations. 
using these distances and the actual train actions 
and train lengths, it generates total revenue vehi­
cle miles. 

Program 2.3: Matching Actual Patrons with 
Actual Train Actions 

Program 2. 3 is the most intriguing program in the 
PFM system. Train actions consist of all door open­
ings and closings with time, station, route, and 
train identification. Patrons are recorded at their 
exit by time, exit station, and entry station. 
Because only patron exit data are available, this 
program is a time-reverse simulation, hence the 
nickname, BACKWARDS. Unlike stochastic simulations 
for experimental use, this is deterministic. The 
simulation may be best described by following one 
patron's trip backward from the exit: 

1. Hold patron in exit station: 
2. Load patron on the previous train that served 

his entry station: set patron arrival time to train 
door opening time: 
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3. Follow train back toward patron's entry 
station: if a transfer is needed, unload patron into 
transfer station: hold the patron at the transfer 
station until the previous train that served his 
entry station: 

4. Set patron departure time to train door 
closing time and unload patron into entry station: 

5. Hold patron in entry station until previous 
service between this station pair: and 

6. Set previous departure time to time of pre­
vious train door closing: record patron trip (steps 
5 and 6 allow recording of the headway to deduce 
patron waiting time). 

Although the foregoing description is for only one 
patron, Program 2. 3 actually works on all patrons 
and trains in parallel. It is driven by the tra i n 
actions. Exit stations, transfer stations, entry 
stations, and trains are simple data structures 
containing counts of patrons and arrival and depar­
ture times. Note that there is no need to combine 
the three station data structures (exit, transfer, 
and entry) unless measures of platform crowding are 
needed. Timing is essential to the correct matching 
of patrons with trains. The patron exit counts are 
scanned every 2 min, which is less than the minimum 
scheduled headway. The time required for a patron to 
leave the train and ride the escalator to the lobby 
and fare gates must also be considered. 

Program 2. 3 uses a map showing stations, routes, 
and transfer requirements. The map tells which route 
or routes serve any given pair of stations. At BART, 
three suburban East Bay routes converge into one 
pair of tracks to serve the central city, San 
Francisco. The program knows that certain trips (OD 
pairs) are served by multiple routes. Typically 
shorter trips are served by multiple routes, whereas 
longer trips are served by only one route. 

Passengers do not need to use their ticket to 
transfer from one train route to another. In some 
cases, they have a choice of transfer station. For 
example, passengers traveling from Fremont to Con­
cord may transfer at any of the three downtown 
Oakland stations (see Figure 3). The current version 
of the program simply assumes that MacArthur Station 
is the preferred transfer station when there is a 
choice. This does not cause errors in patron travel 

Routes 
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FIGURE 3 BART system map. 
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time measurement and affects train load measurement 
accuracy only between MacArthur Sta tion and 12th 
Street Station. Other possible sources of error in 
this train load modeling include patrons who t r ans­
fer even when direct service is available between 
their origin and destination, patrons who take 
excursion rides and enter and exit at the same 
station, and employees traveling on passes. 

The train-load output of the program is sorted by 
location and time and reported for each of several 
locations. For each location, the report has one 
line per train, showing time, train identification, 
t1c1l11 lenglh, number of pasoengcro, and the ratio of 
passengers to seats. The accuracy of this report has 
been checked by walking through trains and counting 
passengers and found to be very high. 

Program 2.4: Matching Passenger Trips with Timetable 

Program 2.4 finds expected and actual wait time and 
expected and actual travel times for an entire day 
of patron trips. All patrons who made t h same trip 
are grouped together i nto a patr on move . Tr i ps are 
the same if t he orig i n, destinat i on, and tra i n run 
are the same. A patron move includes entry station, 
departure time, previous departure time, exit sta­
tion, arrival time, train identification, and number 
of patrons involved (frequently just one or a few 
patrons). To avoid excessive searching, this program 
proceeds by departure time for all stations and 
routes in parallel. It maintains pointers into the 
timetable for each route and station . 

The actual departure time and previous departure 
time define an interval within which the program 
finds all applicable departures on applicable 
routes. Three cases are possible: one scheduled 
departure (normal), no scheduled departure in inter­
val (extra train or early train) , or more than one 
scheduled departur~ in int ~rvi=ll (cancelled or late 
train or trains). If only one scheduled departure is 
found between actual departures, there is some 
chance that a patron expected that departure and 
some chance that he arrived on the platform too late 
for that departure and expected the followi ng depar­
ture. For example, with a 15-min scheduled headway, 
a train that started 5 min late appears to some 
patrons to be 10 min early. Two important assump­
tions about passenger expectations and passenger 
behavior are as follows: 

l. What is the passenger's expectation of depar­
ture time? BART now publishes a detailed timetable, 
so for passengers who use the timetable the answer 
is clear. However, some passengers may simply expect 
c1 certc1l11 hec1dway1 they may just expect an average 
wait time equal to one-half the published headway. 
This headway expectation is less exacting than a 
timetable expectation. For transit lines with short 
route headways, the headway assumption is appro­
pr iate. For lines with long route headways such as 
commuter rail service, the timetable assumption is 
more appropriate. The patron on-t i me measures devel­
oped so far at BART use the tougher timetable as­
sumption. 

2. At what rate do patrons arrive on the plat­
form to wait for their train? This question is 
relevant for trains that depart a few minutes early 
and for split-headway operation. Patrons who arrive 
just befo r e a scheduled depa r t ur e only to see tail-
1 ights disappearing into a tunnel must wait a full 
headway . Although the first assumption implies that 
all patrons know the timetable, it is also assumed 
that they do not all arrive exactly at the time the 
train is scheduled to depart. Nor is it assumed that 
they all arrive uniformly over time. An estimate of 
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how many patrons arrive p romptly rather t han uni­
formly over time must be made to assign delays . This 
information is not available automatically because 
only exit ilata with fine time resolution are avail­
able. This question has been investigated at least 
once before for rail service. In London, a 1970 
study (4) sugges ted that for a 15-min headway, 42 
percent -of pea k-per iod suburban rail patrons arrive 
promptly and 23 percent of off-peak patrons do so. 
The proportion of prompt arrivals tended to decrease 
with shorter headways. A 1970 study of British bus 
passengers (5) found similar results . In January 
1983, an inf;rmal study at BART's s uburban s tati ons 
showed 11 percent prompt arrivals at the 7.5-min 
headway and 13 percent prompt at the 15-min headway. 
This is much lower than the British data, perhaps 
because BART did not then publish a timetable. 
Because BART now publishes a timetable, an arbitrary 
promptness criterion of 25 percent p r ompt arr i vals 
was chose n for the patron on-time meas ure. This 
compromise value provides an adequate penalty for 
early trains. 

A numerical example for one origin station fol­
lows: Suppose that trains are scheduled to depart at 
8:00, 8:15, 8:30, •••• Suppose that the 8:00 de­
parture is on time and the next actual departure is 
at 8:25, and Program 2.3 indicates that 120 patrons 
rode the 8:25 train. The promptness criterion says 
that 25 percent of all patrons arriving between 8:00 
and 8:15 arrived exactly at 8:15; the remainder ar­
rived uniformly over time. In this example, Program 
2.4 will compute the following: 

1. Sixty passengers arrived uniformly at 4 per 
minute between 8:00 and 8:15, expecting to catch the 
8:15 schedule; 

2. Twenty passengers arrived promptly at 8:15, 
expecting to catch the 8:15 schedule; 

3. Forty passengers arrived uniformly at 4 per 
minute between 8:15 and 8:25, expecting to catch the 
8:30 schedule. 

Then of the 120 patrons riding t he 8 : 25 departure, 
60 + 20 = 80 expected the 8: 15 schedule and 40 
expected the 8:30 schedule. 

Having determined which schedule each passenger 
expects, it is easy to determine expected arrival 
time and compare it with actual arrival time. Figure 
4 shows the average weekday distribution of pas­
senger delays for several months at BART. This 
i ncludes both waiting time and travel time. For 
transfer passengers, the entire train trip from 
initial wait through final arrival is measured. 
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Costs of Automated Performance Measurement 

Approximately 3 man-years were required to develop 
the PFM software. This effort has been divided 
between independent software contractors and BART' s 
own .research engineers. The PFM system runs during 
the graveyard shift at the end of revenue train 
operations. It requires about half an hour to exe­
cute each night on BART's IBM 4341 and uses up to 1 
megabyte of virtual memory. During the graveyard 
shift, however, there is little contention for the 
computer and a full megabyte of real memory is 
generally available. Operation and use of the PFM 
system requires less than 1 hr a day from data 
processing operations staff and an hour per day of a 
schedule analyst's time. 

Automated performance measurement is considered a 
by-product, not the primary purpose, of the automa­
tic fare collection (AFC) system, so it is inappro­
pr iate to include the costs of AFC as part of the 
costs of this measurement. The station computers and 
central polling computer cost about $750,000 in 1976 
dollars and require an average of 0.4 full-time 
electronic technician to maintain. However, these 
computers provide other benefits by collecting data 
from other station equipment, such as ticket vending 
machines, for use by the treasury and police de­
partments. 

USE OF AUTOMATED PERFORMANCE MEASURES 

The train-based delay event list generated by Pro­
gram 2.2 is used during next-day analysis of train 
delays. It helps to bridge the gap between aggregate 
service quality measures, such as total train delays 
or total patron delays, and individual component 
failure measures. It helps distinguish between 
primary delays and secondary delays. Primary delays 
are those directly caused by a failure, whereas 
secondary delays are due to the train traffic con­
gestion that follows a primary delay. 

The passenger loads are averaged by train over 10 
weeks, with separate moving averages for each day of 
the week. From these average passenger loads, mea­
sured at the five critical locations in the BART 
system, an optimal allocation of revenue vehicles is 
made. This allocation is to minimize crowding sub­
ject to several constraints such as minimum and 
maximum train lengths and the timetable (minimum 
headways). 

Ongoing passenger load monitoring is necessary as 
demand patterns shift. Some changes are predictable, 
such as seasonal changes and changes during the 
week. Some demand changes are not so predictable, 
such as the ongoing overall increase in BART patron­
age or public response to changes in feeder-bus 
routes or station parking availability. 

Approximately 12.5 full-time clerical positions 
would be required for passenger load monitoring if 
the automated system were not available, Whether 
loads are monitored manually or automatically, the 
monitoring is worthwhile. Operation of just 2 per­
cent more vehicle miles than the load requires would 
cost about $584,000 per year just for energy and 
maintenance. 

Passenger loads are also reported quarterly and 
used for long-range planning. As patronage grows and 
trains become more crowded, it is necessary to 
acquire more vehicles and reduce headways. Examina­
tion of passenger loads by time and by route can 
show the shape of the peak-period demand. A flatter, 
wider peak suggests that transportation systems 
management measures such as flextime are effective. 

A project is under consideration to communicate 
detailed passenger load information to the pas-
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sengers. This would inform passengers which trains 
are usually more crowded. and which trains usually 
have remaining capacity, Surveys show that about 
one-third of BART's passengers could vary their 
working hours. These passengers might switch to less 
crowded trains if they were provided with suitable 
advisories. 

Although automated measurement of passenger loads 
has been in use at BART for several years, the 
passenger-based delay measures are newly developed. 
The exact form of a measurement of passenger delays 
has not yet been decided. Two basic forms are pos­
sible: 

1. Trip dependability, defined as follows: 

D = (number of passenger trips on time times 100) 
divided by total trips, 

where an on-time trip is a trip with delay less than 
some tolerable amount, such as 5 min. This measure 
would be expressed as a percentage; 99 percent would 
be very dependable service, whereas 50 percent would 
be very poor service. 

2. Expected delay, defined as follows: 

D ~ total passenger minutes of delay divided by 
total trips, 

where a passenger minute of delay is one passenger 
delayed 1 min. This measure would be expressed in 
minutes; 0.1 min would be very dependable service, 
whereas 5 min would be very poor service. Unlike the 
trip-dependability measure, this is sensitive to the 
duration of delays. 

Little is known about passenger disutilities with 
respect to length of delay for transit systems. For 
example, is a 10-min delay once a month better or 
worse than a 5-min delay twice a month? Leis (1) 
raises this type of question in greater detail. -

Summary measures of on-time performance or delay, 
or even the distribution of delay such as that shown 
in Figure 4, are most useful if a link can be estab-
1 ished between the aggregate measure and specific 
problems such as component failure. The causative 
relationship between component failure and total 
passenger delays can be broken down into four steps: 

1. Equipment failure causes a slow or stopped 
train; 

2. Time is required to diagnose the problem and 
restart or remove the train (primary train delay); 

3. Secondary train delays occur because the 
primary train blocked the track and because the 
resultant high passenger loads cause station dwell 
delays; combined primary and secondary delays are a 
delay event; 

4. Passenger delays occur both on board the 
delayed trains and while waiting downstream of the 
delay. 

As Heimann (l_) points out, much is known about step 
1 and the relationship between steps 1 and 2. An 
automated vehicle and component repair tracking sys­
tem is in use at BART. The link between steps 2 and 
3 is currently established manually for each major 
delay event with computer assistance. This could be 
largely automated except that multiple primary de­
lays occur and interfere with each other, making it 
difficult to distinguish delay events. The link be­
tween steps 3 and 4 has not yet been well estab-
1 ished. Because passengers may experience the ef­
fects of more than one delay event in the course of 
a trip, this linkage should be further analyzed. 
Currently a computer report of passenger delays by 
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train run is used to support the manual analysis of 
train delay events and to identify the likely cause 
of major passenger delays. The report breaks down 
delay time into an en-route component and a waiting­
time (at platform) component. Results so far show 
that the waiting-time component of delay is gen­
erally larger than the en-route component. 

Although this d.iscussion has been largely ori­
ented to measurement of the current state of an 
existing system, the passenger-based aggregate mea­
sure can be applied to future systems or to future 
configurations of existing systems. The real train 
actions can be replaced by simulated disturbed train 
actions produced by a train system simulator. The 
real passenger counts can be replaced by forecast 
passenger counts. Program 2.3 would be replaced by 
time-forward matching of trains and passengers. 

CONCLUSIONS 

With increasing automation in transit operations, 
the amount of operating data generated will in­
crease. Automated OD ticketing and automated record­
ing of vehicle movement make possible accurate 
passenger-based performance measurement. The PFM 
software could be configured to serve any guideway 
transit system that has data on all train movements 
and all patron exits by origin. Even automated 
zone-based or flat-fare ticketing systems, which 
record entries but not exits, can provide data to 
supplement manual counts and sampling. 

Furthe cesea,ch is needed to better understand 
the relationship between primary vehicle delays, 
secondary vehicle delays, and passenger delays. When 
these links are understood, it will be possible to 
allocate maintenance resources where they will best 
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benefit the passenger. More research is also needed 
to investigate passenger expectations regarding wait 
time and timetable adherence and passenger annoyance 
due to delays cf differing lengths. 
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Monitoring the Quality of Service from the 

Passengers' Perspective 

MATTHEW K. du PLESSIS 

ABSTRACT 

Management's concern with customer satisfac­
tion and the common methods of gauging 
patrons' assessment of service are dis­
cussed. A method of performing surveys of 
trains and stations based on sampling tech­
niques is then described. Performed on a 
periodic basis, the studies have an audit­
type quality that helps alert management to 
potential problems and areas needing further 
investigation. The .results of the studies 
are reviewed, and sample tables and graphs 
are presented. As a result of the data 
generated by the surveys, changes in train 

schedules were developed and further studies 
of the vehicle-cleaning process initiated. 
The increased reliability of the system is 
shown dramatically in a graph of published 
travel time variance. 

Customer satisfaction is an important concern to 
managers in any organization but especially to those 
in a service industry such as public transportation. 
Being publicly owned, such transportation agencies 
find themselves subject to even closer scrutiny than 
private companies. For these and other reasons, 
senior managers of rapid transit agencies are 
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anxious to have a tool f or assessing t he qual ity of 
service provi ded by thei r agencies . I n this way they 
can be alerted to a r eas requiring ma nagement's 
attention and to trends that may need further in­
vestigation. 

Two common methods of gauging patrons' assessment 
of service are 

1. To summarize the number and types of letters 
and telephone calls received by the general manager 
and public affairs office or 

2. To perform a passenger survey on a periodic 
basis. 

The d i fficulties with these me thods are t hat they 
incor porate a great deal of s ubj ective judgment and 
varied interpretation and that they usually empha­
size the negative exceptions in service. 

In 1978 management of the Bay Area Rapid Transit 
(BART) decided that they wanted an assessment mecha­
nism that would provide more uniform objective data, 
data that could not be obta i ned by a passenger sur­
vey. The result of this perceived need was the Pas­
senger Services sampling (PSS) Study conducted by 
Management Services at BART. The purpose of the PSS 
Study is to provide management with a perspective of 
the BART system as seen from the patrons' point of 
view. In a sense, the study gives management a 
periodic snapshot of the service provided by the 
BART system. 

DESIGN AND DEVELOPMENT 

The first step was to determine the variables or 
items t o be us ed to eval uate service . A prelimi nary 
a nalysis was underta ken to defi ne the passenger 
s e r vi c e s that s houl d be measured . As part o f t his 
analysis, the Management Trip Report that had pre­
viously been used and the Passenger Services Monthly 
Patron Complaint Report were reviewed. These reports 
provided a good first information source for compil­
ing a listing of passenger service parameters that 
should be measured. These parameters were further 
refined in meetings with Marketing and Field Ser­
vices managers until both departments were satisfied 
with the data that were to be collected. The items 
included in the study are listed as follows: 

l. Station information 
a. Agent in or out of station agent booth 
b. Agent in uniform 
c. Supervisor present 
d. BART police present 
e. Brochures available 
f. Equipment operable (fare gates, ticket 

machines, elevators, escalators, etc.) 
g. Cleanliness (station, restroom, and 

elevator) 
h. Announcements heard over P.A. system 
i. Number of rule violations committed by 

patrons 
2. Boarding information 

a. Waiting time 
b. Destination signs working 
c. Train exterior cleanliness 
d. Train operator watching doors 

3. Trip information 
a. Trip time 
b. Car interior cleanliness 
c. Car loading 
d. BART police on car 
e. Rule violations committed by patrons 
f. Announcements heard on car 

It was determined that the best way to collect 
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t he in f o rmation requi red would be to employ a group 
of ind i v iduals f ul l time f or a g i ven period of time 
and have t hem collect data us ing statistical work­
sampling techniques. The study was designed so t ha.t 
it could be conducted by six temporary employees 
over a two-week period on two s hifts . The only 
spec i al qualification r equi r ed of the samplers wa s 
t he abili t y to learn quic kly a nd f oll ow f a irly 
de t a iled i ns t ructions. One- half day of t r aining wa s 
s u·ff i c ient t o prepare the samplers for regula r data 
collection. 

At first the data were gathered on forms designed 
for manual analysis. Nat urally, the analysi s of t he 
data and preparation of tables and graphs were 
extremely t i me cons uming when done manually. Over 
t he yea r s , t he data col lec tion f orm has been changed 
t o a f o rmat s ui table f or direct keypunching o f the 
data (see Figure 1) a nd a program written to a nalyze 
and compi l e t he da t a . Recently , the computer capa­
bili ty to p roduce graphs has also been ut i l ized. 

The samplers surveyed both stations and trains. 
In the stations the samplers performed either an 
abbreviated check or a full check. The abbreviated 
station check included only a determination of 
s tation c leanliness bas ed on standards provided by 
BART (see Figu re 2) and a tallying of pas senger rule 
v i olations occ ur ring i n the s t ation. The f ull sta­
tion check included the abbreviated check data and 
the following information: 

1. Elevator call response time, 
2. Elevator cleanliness, 
3. Agent availability, 
4. Presence of officers from BART Police Depart-

ment (BPD), 
5. Brochure availability, 
6. Restroom cleanliness, and 
7. Other miscellaneous data. 

Of the 1,146 station checks made, 575 were full-sta­
tion checks, 

I n sampling the trains , t he tempor a ry empl oyees 
noted train a r r ival t i me , txa in des t i nation s ign 
(TDS) operation, vehicle c leanliness (both ext erior 
and interio r ) , announcements , and o t her information 
similar to the station sampling data. The samplers 
traveled back and forth on each section of the 
sys tem i n a leapf rog fashion. They f ollowed the 
routine Shown on t he sampl i ng f orms . A t rip can vary 
from one s t a t i on to fi ve s t ations . The sampl ers 
began t heir trips on the lead oar a nd moved bac k one 
car at each station. When the samplers reached the 
scheduled destination station, they got off and 
performed the indicated station check, either ab­
breviated or full. They then rode the next train to 
their next scheduled destination station. A total of 
4,130 station-to-station rides were made. 

The samplers a l so maintained var ious logs as 
required, for example , i nope r at i ve public address 
speakers on the vehicles, unsafe or unusual occur­
rences, and off loads or delays. 

RESULTS 

The final report on the study includes more than 50 
graphs and tables, but four examples will give the 
overall picture. The observations are summarized in 
two distinct categories--train sampling and station 
sampling. Because the charts are similar, only some 
examples from the train-sampling category will be 
considered. 

In looking at weekday service conditions for the 
total system (see Figure 3) , it can be seen that 
arrival (T.O.) announcements made by the train 
operators have increased over the last 4 or 5 years. 
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OBSERVE,._·'---------- STATION INFORMATION 

DATE: 1.I _
1 

.LI _._.,..,
4

,...,1 

LINE: 'T' 

CLEANLINESS STANDAROS FOR : STANDARD COOES 

R•trooms 1. Extremely Dirty 

Elev1ton 

Statlom 

Car Exterlon 

Car I nterlorw 

2. Moderately Dirty 

3. Satisfactory 

4. Clean 

5, Immaculate 

9. Not Observed 

FIGURE 1 Passenger servicetJ ttan1pli11g c\'«lui.ttiun fu1.1u. 

The train operators were making arrival announce­
ments 89 percent of the time in 1978 and 94 percent 
of the time in 1982. Transfer announcements, on the 
othe r hand, ha~e dropped f rom 51 percent in 1978 to 
45 pe rcent in 1982. The e xt er ior cleanli ness of the 
trai ns has fluctuated over t he years, dec reasing 
overall. The interior cleanliness of the trains has 
declined each year. A study was done of the car 
cleaners last year by one of the other management 

5. IMMACULATE: 

4. ~: 

3. SATISFACTORY: 

2. MOOERATELY OIRTY: 

I. EXTREMELY O IRTY: 

Cl~d11 ~LaLiu11 entr.!lnces, concour5c level, .:ind 

platform level. No apparent litter, cigarette 

butts, or overflowing trash cans. 

Light littering, cigarette butts, candy wrappers, 

etc., on floor, Clean otherwise. 

Light littering as for a Number 4 r-ating, 

discarded newspapers apparent. Spill stains on 

floors, lightly-soiled ceilings or walls. 

Generally dirty appearance. Overflowing trash 

cans, 1 ittering as in Number 3, but more widespread. 

Sp1lls, dirt and new staining apparent on floors. 

Very dirty station. Trash and spiJls per Number 2. 

However, more garbage cans are overflowing, numerous 

sp1 lls, strewn garbage. 

FIGURE 2 Station cleanliness standards. 

Y • YES 

N • NO 

X • NOT APPLICABLE 

999 NO RESPONSE 

COMPLETE 

engineers. Also, the exterior cleaning of the cars 
is being c a r efully monitored by the operations staff. 

The dramatic decrease in smoking violations on 
trains between December 1978 and April 1980 can be 
attributed to two important events: 

1. The transbay tube fire in January 1979 and 
2. The passage by the state legislature of a $50 

fine for smoking in the BART system. 

The graph of the published travel time variance 
in Figure 4 shows the percent variance of actual 
trAvel times from published travel times. An obser-

MAY 82 APR 80 HAR 78 

T, 0. ANNOUNCEMENTS 

ARRIVAL, % TIME MADE 911 91 89 

TRANSFER, % TIME MADE 45 43 51 

TRAIN PERFORMANCE 

EXTERIOR CLEANLI llESS 2.8 3.6 3.0 

INTER !OR CLEANl.l NESS 3 .1 3.2 3. 5 

PATRON ORDINANCE 
VIOLATIONS PER CAR .03 .07 ,12 

- SMOK I NG PER CAR .001 .002 .010· 

·DEC 78 DATA 

FIGURE 3 Train sampling: weekday service. 
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FIGURE 4 Train sampling: published travel time variance (Lines A, 
C, M, R; weekdays). 

vation of 20 percent variance means that the trip 
listed as 10 min actually took 12 min or that it was 
listed as 60 min and actually took 72 min, This lack 
of differentiation between these two instances, which 
have different passenger impacts, led to the develop­
ment of a separate set of graphs showing actual mi­
nutes of deviation from published travel times. 

The summary graph of performance curves for pub­
lished travel time (Figure 5) provides a clear pic­
ture of how service has improved at BART, In 1979 
the patron faced a less than 10 percent probability 
that the actual travel time would not exceed the 
published travel time, In 1982 the probability was 
almost 90 percent that the actual travel time would 
not be more than the published travel time. 

An important consideration for patrons, however, 
is getting a seat once on the train, Figure 6 shows 
the average car loading for weekdays on the C Line 
to Concord. A loading factor of 3 means that all 
seats are full; 5 represents a crush load with the 
car at or near maximum loading, As can be seen, in 
1980 the homebound trains on the c Line (track 1) 
were very crowded between 3:00 and 5:00 p.m. For­
tunately, conditions have improved since that time. 
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These same types of graphs and tables can also be 
prepared for weekend service and can be broken down 
by line and even by station. The comparison graphs 
by years help indicate trends in any category. 

BART is fortunate in that much of the travel time 
data and equipment availability data are being 
captured through other groups at BART in a more 
timely and accurate method, For that reason, these 
items were recently dropped from the PSS Study, The 
elimination of these indices has helped simplify the 
sampling procedure and has made the final report of 
the PSS Study a little easier to assimilate, 

CONCLUSIONS AND IMPLICATIONS 

As has already been indicated, the decline in the 
cleanliness of the vehicles, both the exterior and 
the interior, led to further study and analysis. 
Data on train announcements has also prompted man­
agement to investigate and update the procedures for 
train operators, 

After the initial PSS Study, the train schedule 
was modified to address the loading problem revealed 
by the study. Also, the vehicle maintenance shops 
were supplied with a list of vehicles having inoper­
ative public address speakers. The study also 
brought to light the problem of poor station signing 
for elevator location, 

These PSS studies have given management some 
useful information on the impression made on patrons 
by BART's service; Performing the studies on a 
periodic basis gives the studies an audit type of 
character that highlights changes in service. As can 
be seen from the experience at BART, these sampling 
studies are effective tools for objectively measur­
ing an agency's performance. 
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The Impact of Metrorail on Trip Making by 

Nearby Residents: The Van Ness Case Study 

ROBERT T. DUNPHY 

ABSTRACT 

In a before-and-after study of the impacts 
of extending Metrorail service into a dense 
residential corrununity of 30,000 persons 
along upper Connecticut Avenue in Washing­
ton, D.C., it was found that there was 
substantial diversion of nonwork automobile 
trips to transit by those who are not in the 
work force and have a car in the household, 
a diversion of work trips to transit for 
both workers with a car in the household and 
those with no car, and no significant in­
crease in the total amount of daily nonwork 
trip making, because transit increases were 
matched by reductions in automobile trips. 

Much of the analysis of transit use has focused on 
the conunuting trip. The Metrorail before-and-after 
study concentrated initially on determining the 
impact of the Metrorail system on corrunuting to 
downtown Washington and adjacent employment centers 
in Arlington County, Virginia. The extension of 
Metrorail' s Red Line from a terminus at DuPont Cir­
cle, on the edge of downtown, into residential 
neighb<:n::hoods as far <'B 2 mi 1_,.,. north on Connecticut 
Avenue provided a unique opportunity to study the 
effects of nearby rail service on travel from a 
residential neighborhood within walking distance, 
especially for nonwork trips. 

STUDY AREA 

The study area is shown in Figure 1. It is bounded 
generally by Rock Creek Park on the east and south, 
Massachusetts and Wisconsin avenues on the west, and 
Ellicott Street and Nebr aska Avenue on the north. I t 
includes the residential neighborhoods of Woodley 
Park, Cleveland Park, Tenleytown, North Cleveland 
Park, and Forest Hills. Ae shown in Table 1, it is 
primarily an area of multifamily housing, with many 
large older apartment complexes along Connecticut 
and Wisconsin. The automobile ownership is rela­
tively low; a high percentage of households are 
without cars and few have more than one. The Dis­
trict of Columbia is the dominant work location; a 
relatively high percentage of corrunuters use transit. 
Between 1970 and 1980, there was a slight increase 
in the area's population, to 29,136, which is un­
usual for a highly urban community. 

CHANGES IN TRANSPORTATION SERVICE 

The principal radial arterial street in the corridor 
is Connecticut Avenue. The study area extended about 
1 mile to the west to Wisconsin Avenue, although the 
majority of the population is relatively close to 
Connecticut Avenue. The three Metrorail stations 
that opened in December 1981 provided direct service 

to the previous terminal station 2 miles away, 
DuPont Circle. More than 90 percent of the survey 
respondents reported that they were located within 
walking distance of one of these new rail stations. 
Headways were the same as previous service on the 
Red Line--6 min during peak periods and 10 min 
during midday. 

The opening of Metrorail service was accompanied 
by a major rerouting of the bus system to feed the 
rail stations and eliminate competing service. In 
the spring following the opening of the rail system, 
the number of local buses on Connecticut Avenue at 
Klingle Street, in the middle of the corridor, was 
reduced from an average of 21 to 14 buses per hour 
in the peak direction during the three morning peak 
hours. The reduction in express bus service (which 
did not stop in the corridor) was even more dra­
matic--from 22 to 8 per hour. Midday bus service had 
also been quite high before the extension of rail 

Bus Route Locations 
-·- Before Metro 

Metr o Stati o ns 
o perati n g in Decemb er 1 9 81 

- S tudy Area Boundary 
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0 
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FIGURE 1 Map of study area. 
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TABLE I Characteristics of Van Ness Community, 
1980 

Parameter No. Percent 

Housing 
Single family detached 2,308 15 
Townhouse 1,132 8 
Apartments (units) 

2-4 192 I 
5+ 11,350 76 

Total 14,982 
Population 

1970 26,344 
1980 29,136 

Automobile ownership 
No car 32 
One car 52 
Multicar 15 

Means of travel to work 
Drive alone 5,043 35 
Carpool 1,970 13 
Public transportation 5,779 39 
Walk 1,035 7 
Other 834 6 

Total 14,661 
Family characteristics 

Live alone 58 
Family 34 
Other 8 

Note: Data are from 1980 census. 

service--11 buses per hour in each direction between 
9:30 a,m, and 3:30 p.m.--an average of 1 bus almost 
every 5 min. 

Bus ridership was high in this corridor before 
Metrorail service was extended, Counts of transit 
riders entering the regional employment core made by 
the Council of Governments (COG) found that Con­
necticut Avenue buses carried the second highest 
volume of any route during the morning peak except 
the Shirley Highway bus lanes. Moreover, the average 
occupancy of Connecticut Avenue buses immediately 
before the extension of the Metrorail system was the 
highest of any route entering the downtown, An 
average of 48 passengers per bus was carried for the 
period between 6:30 a.m. and 9:30 a.m. on both local 
and express buses. 

Travel time comparisons before and after the 
Metrorail service extension are complicated by their 
variance according to the orientation of the trip. 
However, morning peak period running times from van 
Ness to DuPont Circle averaged 21 min by bus before 
the extension of Metrorail as opposed to a station­
to-station time of 6 min by rail, a 15-min saving. 
This saving may be reduced by longer walking times 
to destinations on Connecticut Avenue between Metro­
rail stations and time needed to get through the 
rail station. 

STUDY DESIGN 

The initial focus of this study was on nonwork 
travel, as described earlier. The data are part of a 
set of related surveys intended to measure several 
components of travel changes in the corridor. The 
study issues identified originally were as follows: 

1. How does nonwork trip generation change? 
2. How does nonwork transit use among non-car­

owning households change? 
3. How does rail transit affect nonwork transit 

trips and automobile use among persons in households 
with cars? 

In order to analyze nonwork travel changes of com-

33 

munity residents, before-and-after surveys were 
conducted by telephone. 

A question about commuter trips was added during 
the questionnaire design when it was determined that 
proper reporting of nonwork trips required collect­
ing all daily trips made by the respondent. This 
would make it possible to probe for midday trips by 
workers. The initial survey was conducted during the 
fall of 1981. The consultant, John R. Hamburg and 
Associates, used a systematic sample to select names 
from a reverse telephone directory. One individual 
was interviewed from each responding household. The 
interviews after service extension were conducted by 
the COG staff in the spring of 1982 following the 
Metrorail extension on December 5, 1981. A computer­
assisted telephone interview technique was devel­
oped, which made it possible to obtain data on prior 
travel mode of residents reporting the use of Metro­
rail from one of the three new stations. The same 
individuals responding in the survey made before the 
service extension were used as the sample frame for 
the survey after the extension. This panel of the 
same individuals surveyed twice yielded a paired 
sample of 178 persons from households without cars 
and 434 persons from households with one or more 
cars. The further breakdown by worker status is as 
follows for the survey after service extension: 

Automobile Availability 
Worker Status 
Employed 
Not employed 

None 
84 
94 

178 

One or More 
310 
124 
434 

Because of the special interest in analyzing the 
impact of Metrorail on different market segments, 
most of the following analysis is reported sepa­
rately for each cell. 

COMMUTING CHANGES 

It was not expected that the Metrorail extension 
would result in a significant change in the number 
of work trips per commuter, which are felt to be 
insensitive to transportation supply. In fact, as 
shown in the following tabulation, there was a 
slight, statistically insignificant decline in the 
number of home-based work trips per worker: 

Car Ownership of Household 
One or more 
None 
All households 

Daily Home-Based Work 
Trips per Worker 
Before After 
Metrorail Metrorail 
Extension 
1.56 
1.54 
1.55 

Extension 
1.49 
1.43 
1.48 

It is likely that there was a higher level of 
vacation days taken in the spring, when the second 
survey was conducted. Changes in relative transit 
use are described separately, depending on whether 
an automobile was available to the household. 

Households with Cars 

Use of transit by commuters in car-owning house­
holds, relatively high at 38 percent before the 
extension of Metrorail, increased by 9 percentage 
points after the opening of the new rail stations, 
as shown in Table 2. This increase was matched by an 
equivalent decline in the percentage of residents 
commuting by automobile. Although these workers 
report at least one vehicle in the household, there 
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TABLE 2 Means of Travel for Commuting by Van Neas 
Corridor Workers with Car in Household 

Percent of Commuters 

Before After 
Metrorail Metrorail Change 

Means of Travel Extension Extension (%) 

Transit 38.5 47.7 +9.2 

Percent 
Change 

+24 
Automobile 53.2 43.6 -9.6 -18 
Taxi 1.:. 1.3 
Other 7.0 7.4 +0.4 +0.5 
Total -4 

may be commuters in one-car households who are 
dependent on transit because another person in the 
household needs the car, either for commuting or 
other purposes. 

Following the introduction of rail transit to the 
corridor, transit use increased and automobile use 
declined, so transit became the dominant commuting 
mode. When considered as a percentage of the number 
of home-based work trips from car-owning households 
before the Metrorail extension, the 9+ percent shift 
in the market share between transit and automobile 
amounts to a 24 percent increase in the number of 
transit commuters and an 18 percent reduction in the 
number of automobile commuters. Some of this change 
occurred among those who may not have had regular 
access to a commuting vehicle. However, it appears 
that most of the shifts in commuting occurred among 
workers with an automobile available, for whom 
Metrorail provided a better alternative. No signifi­
cant changes were observed in commuting by taxi or 
other (mostly walking) modes. 

Households Without Cars 

Persons from housenoLas wicnouc aucomoo1Les can 
truly be described as transit dependents. Although 
in general such households cannot afford an automo­
_bile, the income data suggest that this is not true 
of most of the survey area residents. Many of the 32 
percent of households who do not have cars have 
apparently made that decision because of the excel­
lent transit service combined with neighborhood 
parking limitations. In addition, some older resi­
dents may be unable to drive because of physical 
limitations. 

An overwhelming share of workers from households 
without cars (73 percent) commuted by transit before 
the opening of the new Metrorail stations. As shown 
in Table 3, the transit share of commuting increased 
by more than 10 percentage points even within this 
transit-dependent category. Most of the increased 
transit use was diverted from the automobile cate­
gory, which declined by 7 percentage points. Al­
though these commuters do not have access to a car 

TABLE 3 Means of Travel for Commuting by Van Ness 
Corridor Workers Without Car in Household 

Percent of Commuters 

Before After 
Metrorail Metrorail Change Percent 

Means of Travel Extension Extension (%) Change 

Transit 73.4 83 .9 +10.5 +14 
Automobile 9.7 2.8 -6.9 -71 
Taxi 3.9 2.8 - I.I -28 
Other 13.0 10.5 -2.5 -19 
Total -6 
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at home, it is possible for them to ride with 
others, either as a favor or by sharing costs. 
However, because these commuters cannot reciprocate 
by sharing driving, such arrangements can be dif­
ficult. A decline of more than 2 percent was re­
ported in the share of other types of travel, most 
of which is walking. There was also a decline of 1 
percent in the share of commuters without cars who 
use taxis to get to work. Although such small 
changes were not statistically significant for this 
size of survey, the data suggest that these modes 
are used to a disproportionate amount by persons 
without cars because they are not satisfied with the 
existing transit service. 

The introduction of the Metrorail extension to 
the Van Ness neighborhood resulted in an increase in 
the transit share among carless commuters comparable 
with that of workers with a car in the household. 
Because transit commuting among transit-dependent 
workers was already so high before the opening of 
the new stations, the number of transit trips in 
this category increased by only 14 percent. This 
increase was accompanied by a reduction of 71 per­
cent in commuting as automobile passengers as well 
as smaller reductions in taxi travel and walk trips. 
Although the increase in transit use by commuters 
without cars may not have removed any automobiles 
from the streets, it has appeared to offer such 
individuals a higher level of mobility. 

NONWORK TRAVEL 

The potential effects of Metrorail on nonwork travel 
are twofold: 

1. Increased transit use for existing trips and 
2. New trips induced by the service improvement 

( unlike work-trip rates, which are assumed to be 
inelastic to transportation service). 

Rer,<11J5P thP nnpnino of th<> ni>w Metrorail stations 
affe-ct;d t~~n~i.t --a~~essibi11ty primarily at the home 
end, the analysis of nonwork travel impacts was 
conducted separately for home-based and non-home­
based trips. 

eome-Ba.s ed Nonwor k Tr ips 

Most nonwork travel consists of round trips from 
home to a destination and back home. A non-home­
based trip occurs as one leg of a tour from home to 
more than one destination before returning home. 
This analysis of home- based nonwork trips includes 
all of the round trips as well as the home-based 
ends of the tours. 

The average number of daily home-based nonwork 
trips before and after the Metrorail extension is 
shown in Table 4, classified by labor force status 
and automobile availability. The trip rates before 

TABLE 4 Daily Home-Baaed Nonwork Trip Rates by 
Residents of Van Ness Corridor 

Trips per Person 

Before After 
Metrorail Metrorail 

Category Extension Extension 

Workers 
Households with cars 1.06 1.09 
Households without cars 0.59 0.67 

Non workers 
Households with cars 1.94 1.94 
Households without cars 1.18 1.20 

Change 

+0.03 
+0.08 

+0.02 
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and after the service extension are generally close 
and none of the differences are statistically sig­
nificant. The largest difference occurred in the 
category of workers without cars, where home-based 
nonwork trips increased by about one-tenth of a trip 
per day (14 percent). It appears that the service 
extension has not resulted in a substantial increase 
in total nonwork travel from homes within walking 
distance of the new stations. 

A comparison of trip rates by type of traveler 
showed that persons who are not employed made sig­
nificantly more home-based nonwork trips than did 
workers and that those with at least one car in the 
household made more nonwork trips than those without 
a car. The highest amount of daily home-based non­
work travel, almost two trips per day, occurred 
among those who had access to a car and were not 
working. The lowest rate occurred among the employed 
without cars, who made an average of only about 
two-thirds of a home-based nonwork trip per day. 
Combining the home-based nonwork trips from Table 4 
with the number of home-based work trips reported 
earlier results in a daily total for home-based 
trips by workers that is higher than that for per­
sons not employed. The highest trip rate for home­
based trips was for workers with cars, who averaged 
about 2.5 trips per day. Workers in households 
without cars averaged slightly more than 2 home­
based trips per day, whereas nonworkers in car-own­
ing households averaged slightly less than 2 daily 
trips. The lowest daily trip rate occurred among 
nonworkers without cars, who made an average of 
slightly more than 1 home-based trip per day. 

The number of total daily home-based nonwork 
trips made on transit by corridor residents is shown 
in Table 5 by labor force status and automobile 
availability. Transit use was found to have in­
creased for those in households with cars and to 
have decreased for those in households without cars. 

TABLE 5 Daily Home-Based Nonwork Transit Trip Rates by 
Residents of Van Ness Corridor 

Trips per Person 

Before After 
Metrorail Metrorail 

Category Extension Extension Change 

Workers 
Households with cars 0.05 0.10 +0.05 
Households without cars 0.34 0.37 -0.03 

Non workers 
Households with cars 0.15 0.34 +0.19 8 

Households without cars 0.91 0.87 -0.04 

8Statistica11y significant at 95 percent level of confidence. 

However, the only category with a statistically 
significant change was that of nonworkers in house­
holds with cars, who more than doubled their daily 
transit trip making with an increase of O .19 trip 
per day. This was also the only category with a 
reduction in the number of daily automobile trips 
for home-based nonwork purposes, which declined by 
26 percentage points, a 15 percent reduction. This 
finding suggests that the opening of new Metrorail 
stations in the neighborhood has made it possible 
for persons not in the work force to divert nonwork 
automobile trips to transit. Changes in home-based 
nonwork travel by mode before and after the service 
extension are shown in Figure 2 for workers and in 
Figure 3 for nonworkers. The latter do not have the 
time limitations of workers, which preclude addi­
tional nonwork transit travel. Rail trips, although 

2. 0 
Vl 

Before 
Metro 

o_ .s~ 
. &->-­

I-
• 4 

::,) . 2 
·;;; 1 . 0 
c::i • 8 

After 
Metro 

D OTHER 
TRIPS 

• TAXI 
TRIPS 

D AUTO 
w TRIPS 

! : !=-· ·. :--;; G] ""sn ~ • 2_ • _ . TRIPS 

<I: 0-' . - . - -
No Autos 

Before 
Metro 

After 
Metro 

One or More 
Autos 

FIGURE 2 Home-based nonwork trips by workers. 

2. 0 
Vl 
o_ • 8-

·;:: . (, 

I- . 4-

Before 
Metro 

After 
Metro 

D OTHER 
TRIPS 

i 1: L.-.-:-·_:-. 1~ -. : ::::s 
w TRIPS 
t,, ~ - .. • 

~ . q . - ~ TRANSIT 

~ . Z- . . . TRIPS 

<I: 0 . 
No Autos 

Before 
Metro 

After 
Metro 

One or More 
Autos 

FIGURE 3 Home-based nonwork trips by nonworkers. 

35 

possibly faster than by the existing bus, are gen­
erally slower than a comparable trip by automobile, 
especially during off-peak hours. Because persons 
from households without cars are already frequent 
transit users, it is difficult to increase their 
transit trip making for home-based nonwork trips. 
Finally, a much sharper difference is found in the 
use of transit for home-based nonwork purposes 
between those in car-owning households and those 
without cars compared with transit use for commuting 
by those two types of households. 

Non-Rome-~ased Trips 

The opening of three new Metrorail stations in the 
study corridor can be shown to have increased tran­
sit service for home-based trips by residents. Its 
impact on non-home-based trips is not obvious. 
Downtown workers and others traveling to the central 
business district (CBD) had the advantage of Metro­
rail service for their intra-CBD trips even before 
the survey. The opening of the new stations there­
fore would serve only those non-home-based trips 
made along the Connecticut Avenue corridor. Compari­
sons of daily non-home-based trip rates for an 
average resident of the corridor are shown in Table 
6 before and after the Metrorail service extension. 
Although the change in trip rates for non-home-based 
trips by workers was small, there was a large in­
crease for nonworkers, both with and without cars. 
On further analysis of the data by mode, it is found 
that the increases are primarily in automobile trips 
for those with cars and in transit trips for those 
without cars. The increase in automobile travel by 
nonworkers with access to an automobile suggests 
that the increase is not related to the change in 
Metrorail service. It is more likely to be a sea-
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TABLE 6 Daily Non-Home-Based Transit Trip Rates by 
Residents of Van Ness Corridor 

Trips per Person 

Before After 
Metrorail Metrorail 

Category Extension Extension Change 

Workers 
Households with cars 0.85 0.88 +0.03 
Households without cars 0.57 0.47 -0.10 

Non workers 
Households with cars 0.12 0.33 +0.21 
Households without cars 0.13 0.34 +0.21 

sonal factor, because both categories of nonworkers 
increased their daily travel by the same amount, 
even though one used primarily transit and one pri­
marily automobile. 

Changes in the transit share of non-home-based 
trips are shown in Table 7. The use of transit for 
these trips is greater than it is for home-based 
nonwork trips in each category except that of non­
workers with cars. This is probably because of the 
primarily downtown orientation of both workers and 
nonworkers. A non-home-based trip is therefore 
likely to occur within the downtown region, where 
Metrorail provides excellent service. Moreover, 
because more workers reported commuting by transit, 
they are more likely to use transit for midday 
trips. Although increases were observed in the 
transit share of non-home-based trips by workers, 
the small sample sizes and low trip rates make these 
changes statistically insignificant. 

TABLE 7 Relative Transit Use for Non-Home-Based Trips by 
Residents of Van Ness Corridor 

Percent of Trips by Transit 

Before After 
Metruraii Melrorail Change 

Category Extension Extension (%) 

Workers 
Households with cars 21 24 +3 
Households without cars 53 66 +13 

Nonworkers 
Households with cars 0 G +G 
Households without cars 100 76 -24 

It appears that there is no statistically sig­
nificant effect of the extension of Metrorail on 
non-home-based trips made by corridor residents, 
probably because most trips were located outside the 
corridor. 

CONCLUSIONS 

In the analysis of changes in travel behavior before 
and after the extension of Metrorail's Red Line into 
the Van Ness Community the following results were 
found: 

1. There was an almost equal increase of more 
than 9 percent in the transit share of home-based 
work trips for workers without automobiles as well 
as for those from car-owning households, 

2. Transit use increased and automobile travel 
was reduced for home-based nonwork trips by those 
who have at least one car in the household, and 
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3. There was no significant change in the daily 
trip rates for either work or nonwork trips. 

The increase in the transit share of commuting 
trips was not anticipated, because the mode split 
for home-based work trips was already so high before 
the rail extension. However, because of that high 
demand, the loading factors on buses were very high, 
frequently preventing a passenger from boarding the 
first bus. The additional capacity provided by 
Metrorail allowed an almost equal increase of 10 
percentage points in transit use for both workers 
from car-owning households and those without an 
automobile. This is similar to an earlier conclusion 
in this study that transit use to the regional core 
increased by similar percentages for each income 
group, even though the base levels were much lower 
for high-income commuters. 

The most significant relative changes in transit 
use by corridor residents occurred in home-based 
nonwork trips. Relative transit use more than 
doubled among those who were not employed and had at 
least one car in the householdi there was a compar­
able reduction in automobile travel. Such indi­
viduals do not have the same time constraints as 
workers, whose nonwork travel must be fit into a 
schedule that is dominated by working and commuting. 
In this particular case, the use of an automobile in 
the city can be difficult during the day because of 
the problems with parking. It therefore appears that 
such individuals are willing to replace certain 
nonwork automobile trips with transit. Overall, they 
do not appear to be traveling more. 

The finding of no significant change in daily 
travel by those without access to a car is contrary 
to theories about the value of transit speed for 
transit-dependent individuals. It has been suggested 
that greater transit speeds will induce more total 
travel for such travelers. However, in this case, 
the level of bus service on the main arterials 
serving cne corriaor, Conneccicut and Wisconsin 
avenues, was quite high before the Metrorail exten­
sion. Between 9:30 a.m. and 3:30 p.m., there were 13 
buses per hour scheduled in each direction on Con­
necticut Avenue, an average headway of less than 5 
min. Because congestion during midday is relatively 
light, midday transit accessibility by bus was quite 
good before the rail extension. Moreover, walking 
distance to the nearest bus stop was generally much 
less than that to rail stops. Therefore, for many 
nonwork trips, Metrorail may not have provided a 
better alternative for transit dependents. The 
increase in transit use by nonworkers with a car in 
the household represents a choice between automobile 
and transit. Apparently these individuals relate the 
dependability of rail transit to that of the automo­
bile. They know that they can count on Metrorail to 
return them from a destination without the uncer­
tainty and route complexity of the bus system. In 
addition, they may be making longer trips, for which 
Metrorail provides a true time saving over the bus. 

In summary, this analysis of travel patterns by 
residents of a high-density residential neighborhood 
close to downtown has found substantial gains in 
transit use, both for work and nonwork trips. For 
commuters the rail system has provided needed ca­
pacity over and above the prior bus system. For 
nonworkers used to the convenience of driving around 
town, Metrorail provides an alternative that is 
perceived to be much better than the bus. For tran­
sit dependents, however, the frequency of the bus 
service combined with their understanding of routes 
and schedules allows a level of mobility for nonwork 
trips that apparently has not been significantly 
improved by rail transit. 

-
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A Radio-Frequency Deicing System for Third Rails 

RICHARD KWOR 

ABSTRACT 

A radio-frequency (RF) deicing system for 
third rails has been proposed. It consists 
of an RF generator, transmission lines, a 
work coil, and a mechanical scraper, all 
mounted on a train. The system definition of 
such a setup is presented. Several coil 
configurations are studied. Experimental 
setups for static calorimeter tests, dynamic 
temperature rise tests, and deicing tests 
are described, and results are reported. 
With SO-kW 185-kHz RF generator power, 
successful deicing was accomplished up to a 
speed of 43. 5 km/hr at an ambient tempera­
ture of -2.2°C using a ferrite-core coil. 
Finally, possible future improvements to the 
system are discussed. 

During a winter storm, snow, ice, sleet, high winds, 
and low temperatures often cause rail transit sys­
tems to experience a variety of equipment and opera­
tional problems. One such problem is the icing of 
the third rail (the rail that supplies power to 
trains) • This causes the power collector to lose 
electrical contact, which results in a disabled car 
or creates excessive arcing. A layer of ice forms 
and adheres to the third rail when there is precipi­
tation near the freezing temperature of water (0°C). 
Sleet storms cause the worst icing problems, but 
snow on the third rail that has melted in the rising 
daytime temperature can readily freeze if the tem­
perature then drops below the freezing point. 

Third-rail heaters have been effective in mini­
mizing these icing problems on many transit systems. 
However, these ohmic heaters in general consume an 
inordinate amount of energy. An energy-efficient 
approach is to melt a thin layer of ice at the 
interface between the rail and the ice. This will 

break the strong adhesive bond between the rail and 
the ice layer. Once this bond has been broken, the 
rest of the unmelted ice can be easily removed by a 
mechanical scraper. Blackburn and St. John estimate 
the required interface melt thickness to be about 2 
µm (_!). The most desired mechanism for this ap­
proach would be to couple energy directly to an ice 
layer approximately 2 µm thick next to the inter­
face between the rail and the ice with little or no 
energy being directly coupled to either the layer of 
ice more than 2 µm from the interface or the rail 
underneath. Unfortunately, this calls for a dramatic 
change in the physical properties of ice at the 
interface. 

Even though there is some evidence that the ice 
properties are different at the interface compared 
with the bulk, such drastic differences are not 
anticipated. Hence, the next best solution is to 
have the energy source at the interface but located 
in the rail. The ice layer in immediate contact with 
the rail surface will be melted by the heat energy 
transferred from the rail to the ice. It is possible 
to achieve this rather easily by radio-frequency 
(RF) induction heating. 

The basic concept of RF induction heating is 
rather straightforward ( 2, 3) • Essentially, a high­
frequency alternating current is passed through a 
work coil in the close neighborhood of a load. This 
induces a current in the load. Its magnitude depends 
on the permeability of the load and falls off from 
the surface to the center of the work load with a 
rate of decrease that is higher at higher fre­
quencies. It is this induced current that causes the 
rapid heating of the load. 

For rails made of high-permeability materials, RF 
induction deicing is efficient in several respects. 
First, the heat is generated within the top few 
micrometers from the rail surface, where it is 
needed, and hence little is wasted by being trans­
ferred to the ambient. Second, modern RF generators 
have respectable conversion efficiencies. Third, 
this deicing system is very responsive in that rail 
surface temperature changes occur rapidly. The 
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deicing is much less effective for aluminum-clad 
composite rails because aluminum has a much lower 
permeability. 

An RF deicing system for third rails without 
coverboards, such as those used in the Boston and 
Chicago transit properties, is discussed. Important 
system design crit eria a re p rovided and discussed. 
The experimental setups used to test the performance 
of the RF system are described. Three kinds of work 
coils are described along with their performance 
testing. Finally, preliminary deicing experiment 
results are reported and the feasibility of a prac­
tical RF third-rail deicing system is discussed. 

SYSTEM DEFINITION 

To test the concept of RF deicing of the third rail, 
an experimental deicing system was developed. It is 
shown schematically in Figure l and consists of an 
RF generator, an air-core stepdown transformer, an 
RF work coil, and a mechanical scraper (not shown in 
the figure). The generator supplies RF power to the 
coil, which couples part of the energy to the third 
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FIGURE 1 Basic components of RF deicing system. 

rail through an air gap. Flexible water-cooled lines 
are used to connect the generator to the transformer 
primary. A rigid water- or glycol-cooled transmis-

work coil for higher efficiency. 
Practical RF deicing systems would be mounted on 

a train. The initial qoal was to develop a system 
with an operating speed of 24 km/hr or higher at 
-4 °C on the uncovered third r ail of the Boston 
transit property (the 85-lb/yd ASCE rail). A work 
coil lateral positioning tolerance of +5 cm and a 
coil-to-rail gap of 0.3 to 1.3 cm were chosen to 
include the effect of train vibr ation. To determine 
the system frequency and power level required for 
operation at 24 km/hr, a thermal analysis was con­
ducted using a one-dimensional finite-element heat 
transfer model. From the results obtained, it was 
found that a total rail dissipation of 18 kW over a 
length of 30 cm was required to melt l 1Jm of ice 
at the rail-ice interface. '!'he operating frequency 
was chosen to be between 150 and 450 kHz. With this 
frequency range, the power absorbed in the rail is 
concentrated in the top several micrometers and very 
little energy is wasted in heating the bulk of the 
rail. In order to supply 18 kW to the third rail, a 
50-kW RF generator was used. The power coupled to 
the rail depends on the work coil design, the coil­
rail air gap, the lateral displacement, and the skew 
angle of the coil with respect to the rail. Experi­
ments were performed to assess the deicing perfor­
mance capability of various coil configurations and 
to measure performance parameters for each coil. 
Deicing experiments were then performed using all 
the coils. The experiments are described in the next 
section. 

RF RAIL HEATING EXPERIMENTS 

Three coil configurations were considered: the 
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pie-wound coil, the wide reverse pie coil, and the 
ferrite-core coil. The first two are called air-core 
coils because the magnetic path through the coil is 
totally through air. They are 35.6 cm long, made of 
four t urns of 1/4-in. copper tubing, and can be 
enclosed in fiberglass for weather protection (Fig­
ures 2 and 3). The ferrite-core coil is shown in 
Figure 4. It consists of a u-shaped manganese fer­
rite core and two four-turn coils wound on it. The 
specific core material was MN60 manufactured by 

4 TURNS PIE1 WOUND COIL ' 
I /4 0.D. COPPER 

FIGURE 2 Pie-wound air-core coil. 

r------ 35,6 cm----------ii ~~~==,~, ~~s-
FIGURE 3 Reverse pie air-core coil. 

MANGANESE OXIDE 
/ FERRITE (MN·60) CORE 

t-----20.3 cm----... f--5.7cm-, 

l-51cm-!-1. Gem~ 

FIGURE 4 Ferrite-core coil. 

Ceramic Magnetics, Inc., of Fairfield, New Jersey. 
Element testing was performed with these coils. The 
tests performed were the same for each coil and 
included the following: 

1. Static calorimeter test, 
2. Dynamic temperature rise tests 

infrared thermal imaging (Thermovision) 
mocouples), and 

3. Deicing test. 

(scanning 
and ther-

The objective of the calorimeter test was to 
measure the net power supplied by the RF coil to the 
rail cap as a function of gap, skew angle, and coil 
lateral displacement. The test was performed using 
the setup shown in Figure 5. The calorimeter shown 
was fabricated from the cap of an 85-lb/yd ASCE rail 
and thus accurately simulated the actual rail. The 
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FIGURE 5 Calorimeter test setup. 

water flow rate was measured using a flow meter. 
After the RF generator was turned on and the tem­
perature of the calorimeter reached steady state, 
the temperature of the water before and after it 
flowed through the calorimeter was measured for 
various combinations of lateral displacement and 
skew angle (Figure 6). From these data the power 
absorbed by the calorimeter was calculated. 

FLOW lGAP 
MET~R T'i" _l_.~L Tlj"' 

TAP~ 
WATER CALORIMETER 

LATERAL DISPLACEMENT 

RAIL OR CALORIMETER 

ELECTRI CAL CENTER OF COIL 

FIGURE 6 Definition of gap, skew angle, and 
lateral displacement. 

For the most efficient deicing, the rail heating 
pattern must be uniform. The purpose of the surface 
heating profile test was to measure the surface 
temperature along the rail cap and to find out which 
coil configuration had the most uniform heating 
pattern. The test was conducted at room temperature 
with the RF work coil acting on the 85-lb/yd rail 
mounted on Vought Corporation's 5.8-m rotating drum. 
The coil-to-rail gap was set at 1.27 cm. An infrared 
thermal imaging system (Thermovision) and the test 
setup are shown in Figure 7. The view on the Thermo­
vision monitors the heating pattern produced by the 
coil. To give the rail surface a high emissivity for 
these tests, a thin coat of flat black paint was 

RADIUS 

I MIRROR 
I 

85 LB/YD ASCE RAIL 

RF 
GENERATOR 

ATHERMO\IISION 8J 
l,J cAMERA 

, _______ ....,. 

VIDEO MONITOR 

FIGURE 7 Thermovision test setup. 
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sprayed on the rail cap. The thickness of this coat­
ing was about 8 µm, which analysis showed would 
cause a negligible effect on the measured tempera­
tures. The different temperatures on the rail cap 
are represented by 10 colors on the Thermovision 
monitor. Thermocouple measurements were then used to 
confirm the Thermovision response results. 

In the deicing test, the actual environmental 
conditions were simulated. The test setup is similar 
to that used in the surface profile tests (Figure 
8) • A mechanical scraper is attached about 15 cm 
behind the coil. The rail was first cooled to a 
temperature of about -7°C and then lightly sprayed 
with water while it was rotated until the desired 
ice thickness was obtained. The ice thus formed was 
generally glaze ice and covered both the top and the 
sides of the rail cap. The rail was then allowed to 
stabilize to a temperature of -3.3 to -4.4°C. After 
stabilization, the wheel was brought up to the test 
speed, the generator turned on, and the scraper 
actuated. The deicing operation was carried out for 
one-fourth revolution of the drum. 

DIRECTION OF ROTATION 

~ 

GENERATOR 

\

• TURN OFF 

- - FRONT 
SILVERED MIRROR 

SECTION A· A 

FIGURE 8 Surface heating profile experiment setup. 

RESULTS AND DISCUSSION 

GENERATOR 
TURN ON 

The first coil tested with the RF system was the 
pie-wound air-core coil. Calorimeter test results 
are shown in Figure 9. As expected, the absorbed 
power decreases with lateral displacement. The 20-
degree skew angle provides the maximum tolerance to 
lateral displacement. The design goal of 18 kW with 
up to 5-cm lateral displacement was not attained 
because 3.8-cm displacement was the maximum possible 
at 18 kW. The 20-degree skew angle was selected for 
the remaining tests because it provided the maximum 
tolerance to lateral displacement. Surface tempera­
ture profile results showed that the pie-wound coil 
produced nonuniform heating of the cap with highest 
temperature at the corners. The heating also ex­
tended around to the side of the cap where heating 
was not needed in the deicing operation. Deicing 
tests were performed for a rail temperature of about 
-4°c. The maximum deicing speed attainable was 8.85 
km/hr for this coil. 

The magnetic flux pattern for the reverse pie 
coil is quite different from that of the pie-wound 
coil. Such an arrangement would be expected to pro­
duce more uniform heating of the rail. The surface 
temperature rise results confirmed this. A much more 
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FIGURE 9 Calorimeter test results: pie-wound coil. 

uniform distribution of energy to the rail cap than 
the pie coil was obtained. On the other hand, the 
calorimeter test results (Figure 10) showed that the 
reverse pie coil provided less lateral tolerance. A 
skew angle of 15 degrees is seen to provide the best 
compromise between power input and lateral displace­
ment. Using the reverse pie coil, complete deicing 
was achieved up to 12.9 km/hr. 
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FIGURE 10 Calorimeter test results: 
reverse pie-wound coil. 

The ferrite-core coil was designed to be used 
with little or no skew or lateral displacement. 
Calorimeter test results showed that the use of a 
ferrite core greatly increases the energy coupling 
to the rail. This was because the ferrite core 
provided a highly conductive path for the magnetic 
flux, reduced the leakage, and concentrated the flux 
into a smaller area in the rail cap. A maximum 
deicing speed of 43.5 km/hr was achieved for a rail 
temperature of about -2.2°C, which was the best 
deicing speed of all coils tested. However, in its 
current form, the ferrite-core coil suffers from 
substantial internal heating and produces the most 
nonuniform heating of the coils tested. This coil 
will require additional development. Laminating the 
core material can limit internal heating and an 
alternative core configuration will help to achieve 
a more uniform heating and thus increase the deicing 
speed. 

CONCLUSION 

Experimental results have shown that a practical 
third- rail deicing system using RF energy is feasi-
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ble. However, many problems still need to be solved 
for development of a practical system. Based on this 
work, further research and development in the fol­
lowing areas is reconunended: 

1. Work-coil coupling efficiency and rail cap 
heating uniformity need to be increased. This can be 
accomplished by improving the design of the coil. 

2. The provision for automatic matching of the 
load impedance to the RF generator is needed. This 
will ensure constant power to the rail while the 
train is moving. 

3. The problem of RF generator cooling has not 
yel l.,een citltltessetl. A clusetl-chcul t Wdte1-coull11g 
system needs to be installed on the train and the 
coolant must not freeze in winter. 

4. In the absence of ice and at a slow vehicle 
speed, efficient RF coupling results in rapid rail 
surface heating and oxidation. Some feedback control 
mechanism is thus needed for rail overheat pro­
tection. 

5. The 200-kHz 50-kW RF generator used in the 
foregoing experiments has a vacuum tube oscillator. 
The generator is rather bulky and its ruggedness has 
not been tested. One possible solution is to replace 
it with a solid-state RF generator (50 kHz), which 
is smaller, lighter, and less costly. Another im­
portant feature of the solid-state generator is that 
its primary power can be 600 V de, which can be 
tapped directly from the third rail. A thermal 
analysis will be needed to determine the effect of 
the lower frequency on the deicing efficiency. 

6. The effects of the electromagnetic radiation 
from the RF generator must be studied. The possibil­
ity of electromagnetic interference with vehicle 
control and conununication must be investigated. The 
biological effects of any possible radiation leakage 
should also be addressed. 

7. Other engineering developments needed include 
a tracking mechanism for the RF work coil to follow 
the rail, a flexible transmission line between the 
transformer and the coil, and weather protection for 
the air-core transformer. 

Even though the results reported in this paper 
were based on the uncovered third rails, the system 
can be modified for third rails having coverboards. 
The air-core coils described in this paper are small 
enough to fit between the third rail and the cover­
board, but the mechanical scraper must be specially 
designed. The rest of the system would be housed 
inside a vehicle and thus does not require any 
extensive modification. 

With all the foregoing developments incorporated, 
the RF deicing system may prove to be a good 
alternative solution for third-rail problems in 
adverse weather, 
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Morning Peak Hours 1n the Stuttgart Transit and 
Tariff Authority 
WERNER BROG, ERHARD ERL, and WOLFGANG WORNER 

ABSTRACT 

The problem of traveling on public transpor­
tation during the morning peak hours is well 
known but has not been solved. This is 
because peak-hour traffic volume can only be 
reduced if the individuals who have the 
option of starting work at different times 
actually make use of this option. However, 
changing work and school schedules has an 
impact not only on the transport system but 
also on an individual's private life. The re­
sults of a study conducted by the Stuttgart 
Transit and Tariff Authority are described. 
The characteristics of public transit use in 
the morning peak hours are shown. The poten­
tial of transit users who have flexible 
schedules is indicated and a number of pol­
icies to deal with the problem are suggested. 
Furthermore, the potential number is deter­
mined of those who can react to the negative 
conditions of public transit in peak hours 
by switching to other modes of transpor­
tation. 

The focus of specialist discussions geared at find­
ing ways to reduce peak-hour travel is to extend the 
times when work and school begin (1) over a longer 
period of time. The effectiveness of policies that 
might accomplish such a change has repeatedly been 
proven theoretically but the problem has not been 
solved. This is because peak-hour traffic volume can 
only be reduced if the individuals who have the 
option of starting work at different times actually 
make use of this option. However, changing work and 
school schedules has an impact not only on the 
transport system but also on an individual's private 
1 ife. Accustomed daily routines are interfered with 
and usual social contacts are hampered (3). 

The Stuttgart Transit and Tariff Authority (VVS) 
commissioned a team of social scientists to conduct 
a study (}.l in order to get information on the 
problem of peak-hour travel in a specific area and 

on the impact that different policies would have on 
the problem of peak-hour travel. VVS wanted special 
attention paid to the social situation of public 
transit passengers. 

VVS serves an area of 3012 km 2 (about 1,145 
miles') with a population of 2.14 million. In 
1979, 655,000 passenger trips per weekday were made 
by buses, streetcars, and s-bahn (rail rapid tran­
sit) in the system (4). About 13 percent of these 
trips are peak-hour trips in the definition of this 
study (incoming traffic to the central zone of the 
service area between 6:00 and 8:00 a.m.). During the 
morning peak hours, public transit is used to the 
limit of its capacity. 

The study of peak-hour traffic was done in two 
stages. From a regional travel survey (5) there was 
information on 67,700 persons and 51,900 public 
transit trips. These data were used for a descrip­
tive evaluation of peak-hour travel. They also gave 
the base for in-depth interviews with a subsample of 
316 households in which peak-hour passengers lived. 
The results of these interviews are presented in 
this paper. 

FLEXIBILITY OF PEAK-HOUR PASSENGERS 

The analysis is based on those trips recorded in the 
travel survey that are defined as peak-hour trips. 
For these trips, it must be determined whether and 
under what conditions flexibility in scheduling is 
possible. 

To make temporal flexibility operational, a 
30-min adjustment in the beginning time of trips is 
used in accordance with the literature on the sub­
ject (6). An interviewee is said to be flexible in 
scheduling his time if he can organize his daily 
routine so that the peak-hour trips can be made 
either 0.5 hr earlier or later. 

For the situational analysis, all of the charac­
teristics explored in the interview that pertain to 
the individual and the trip and that are of explana­
tory value in the given instance are used. Thus, it 
is necessary to divide the temporal variability into 
individual dimensions to which the characteristics 
determining the situation can be assigned (see 
Figure 1). 
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FIGURE 1 Option of traveling at another time: situational groups. 

Objective Time Constraints 

The objective necessity of traveling at a specific 
time depends on the extent to which given condi­
tions, externally fixed appointments, and so on, 
limit a person's flexibility. This included, on the 
one hand, appointments at specific times at the 
destination of the trip made during the peak period 
(such as the beginning of work) and, on the other 
hand, the service offered by the public transit 
system. The most important objectively fixed times 
are the beginning of work and school. Constraints 
r..=rini=.Ptl hy f'lpp;:art-nrPR nf= r1nn r.nnnPr.~innR hPf-wp,=i,n t-h,:ir, 

VVS vehicles are negligible. Of all the dimensions, 
objective time constraints include the greatest 
proportion of those with no options. This shows how 
important new policies in this area could be. 

Househo l d Acti 11 ity Progum 

In the second dimension, the influence of the house­
hold activity program in keeping the peak-hour 
passenger from making his trips during off-peak 
hours was investigated. Activities with other family 
mombera nr hn11ctohn1,1 mambers t"":lln ha n.f ::II a.fmi1::arly 

obligatory nature as externally fixed appointments 
(7, Chapter 3). 
- Restrictions occur when the activity program of 

the entire household would have tu start earlier if 
the individual in question were to begin his peak­
period trip earlier. The time schedule of the other 
household members does not always make this pos­
sible, however. In a few instances, time limits 
occur because multiperson trips (e.g., taking pas­
sengers to the public transit stop) are made that 
cannot be made either earlier o r later. 

Eating and preparing meals together during the 
morning, evening, and especially at midday is one of 
the most important fixed activities of the house­
hold. Joint leisure activities and other occupations 
in the house and outside the house are less impor­
tant in limiting the flexibility of peak-hour pas­
sengers. 

Personal Activity Program and Willingnes s to 
Be Flexible 

Because the peak-hour trips made by the individuals 
studied were almost always the first trips of the 

day and because they were usually trips to work or 
school, that is, mandatory activities of a definite 
duration, making the same trip either earlier or 
later would affect the entire daily routine, from 
getting up in the morning to going to sleep at 
night. Changing this peLsonal activity program, 
which is frequently subject to externally fixed 
times in personal, and especially in social and 
leisure, activities, is difficult for many of those 
traveling during the peak hours. 

A superficial view of the problem leads one to 
conclude that •soft• constraints more or less pre­
dominate, such as getting up too early or leaving 
work too late. However, one should not forget that 
this is not merely unpleasant but also restrictive 
to the entire activity program as it exists: If a 
person starts work either earlier or later, this 
means that the hours that he keeps no longer fit the 
routine of his social environment. A person's will­
ingness to be flexible in scheduling his time na­
turally also influences potential rescheduling. 

An individual can only make his peak-period trip 
either earlier or later if he has the option of 
behaving differently open to him in all of the 
dimensions. This shows one the proportion cf trips 
that are definitively determined by each dimension 
and also which group of persons has no reason not to 
make their peak-hour trips either earlier or later 
(F lyure 1) • 

The restrictions to travel at certain times are 
the most important reasons why trips are made at 
specific times, three out of five persons are re­
stricted because of this dimension. Because of their 
household and personal activity programs, another 10 
percent of the peak-hour passengers are not free to 
make their trips at other times. Only every 30th 
peak-hour passenger travels at the time he does 
because he is subjectively unwilling to be flexible 
in scheduling his time. Of all passengers traveling 
during peak hours, approximately every sixth peak­
period passenger (15.8 percent) has open the option 
of traveling at another time. This defines the upper 
limit of the current potential of persons flexible 
in scheduling their time if no steps are taken to 
change the status quo. 

Situational Analysis 

It is possible to show individual temporal flexibil-
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ity under changed conditions by using this situa­
tional analysis of options. The model structure can 
be used to show the impact of eliminating fixed 
schedules on the potential number of persons flex­
ible in scheduling their time. This can be done for 
each dimension. Thus, the situational group model is 
used to show the change in temporal flexibility that 
results when the restrictions usually existing in 
the various dimensions are eliminated. This so­
called dynamized situation then shows how many of 
the relevant peak-hour passengers then enter the 
situational group with options and how many are 
still subject to restrictions in other dimensions. 

The dynamization of the dimension of being forced 
to travel at a specific time shows the situation 
when the externally defined restrictions for begin­
ning the peak-period trip, that is, the time when 
work begins or school begins or other appointments 
at the destination begin or the public transit 
schedules, are eliminated. The peak-period pas­
sengers who are not flexible because they are forced 
to travel at a specific time account for 61. 3 per­
cent of the total, the largest situational group. 
Thus, doing away with these external constraints 
would have an especially great impact on travel. 

Surprisingly, however, the result of the dynami­
zation is that the group with options only increases 
by 16.7 to 32.5 percent. Not even every third peak­
period passenger who is forced to leave when he does 
in the morning because of externally fixed appoint­
ments can (or wants to be) flexible in scheduling 
his traveling time when the appointment begins at a 
different time. The majority of the two-thirds of 
the peak-period passengers in this situational group 
are inflexible in scheduling their time because of 
constraints in other dimensions. 

When the restrictions to travel at specific times 
are eliminated, the restrictions caused by the 
personal activity program become more important 
than other dimensions in defining the options that a 
person has to travel at another time. One can assume 
that the additional temporal flexibility will not 
change the behavior of l3. 2 percent of the peak 
passengers studied because their daily routines 
would then begin either too early or too late. 

It is important to note that if the objective 
time-scheduling restrictions are eliminated, the 
peak-period passengers might still be subject to 
constraints, because some of the passengers are 
influenced by constraints not only in one dimension 
but also in other dimensions. When persons are no 
longer objectively compelled to travel at specific 
times, the situation for those with fixed work hours 
and flextime is similar for all the situational 
groups. 

Thus, surprisingly enough, the greater freedom of 
those with flexible work hours is not reflected in 
their scheduling their hours more flexibly or their 
being willing to reorganize their daily routines. 
Even those on flextime are subject to a routine and 
their activity programs are quite regular. It has 
frequently been shown that when flextime is intro­
duced, it is not used in a manner to effectively 
reduce peak-hour travel; most people tend to con­
tinue to start work at the same time as previously. 

For purposes of comparison, the result in the 
other dimensions of doing away with the restrictions 
will be discussed. In contrast to the group of 
peak-period passengers forced to make their trips at 
specific times because of objective constraints, the 
other situational groups are naturally less impor­
tant, because on the one hand they are more diffi­
cult to influence by putting different types of 
policies into effect and on the other hand they are 
considerably smaller. Thus, the impact that might be 
expected is limited from the start. 

When constraints relating to the household activ-
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ity program are eliminated, the group of persons with 
options is increased by only 1.2 percent. Most per­
sons are subject to other constraints because of 
their personal activity programs. 

The impact of policies aimed solely at the per­
sonal activity program is only a minimal increase 
(3.9 percent) in the size of the group with options. 
The majority of persons forced to travel at specific 
times are not willing to change their daily routine. 
Those with options are the target group whose 
traveling might be done at other times than during 
peak hours. Thus, it is worthwhile to look at this 
group more closely and to characterize the indi­
viduals according to sociodemography, attitudes, and 
behavior. Of those persons with the option of 
traveling at another time: 

1. Two-thirds are male, 
2. All are over 18 years of age, 
3. Those who are employed are most flexible as 

regards time, 
4. More than two-thirds work at places of em­

ployment that have flexible work hours, 
5. An above-average number of persons in this 

group (three-fourths) have a car that is always or 
sometimes at their disposal, 

6. Their displeasure caused by the overcrowding 
of the vehicles is somewhat greater than average, 

7. More than 50 percent use commuter rail as 
their primary transit mode, and 

8. The proportion with a pass for public transit 
is somewhat smaller than average. 

A target group is thus defined that can be ap­
proached with information and motivational strat­
egies. For this purpose, it is of great practical 
importance that a large number of these target per­
sons use the S-bahn as their primary travel mode and 
can thus be directly approached there. 

POLICIES TO REDUCE PEAK-HOUR PASSENGER CONCENTRATION 

Based on the results of the situational analysis, 
measures can be deduced to increase flexibility in 
scheduling time, and the effectiveness of these 
measures can be studied. Steps can be taken to in­
crease temporal flexibility in all of the dimensions 
responsible for determining travel situations. Thus, 
possible measures can be discussed based on these 
dimensions. 

The reasons persons are objectively forced to 
travel at specific times are more or less governed 
by the times when work and school begin. For about 4 
percent, the set travel time is determined by the 
VVS connections. 

It is possible to alter these temporal restric­
tions by having work begin either earlier or later 
or by introducing flextime. Both of these steps have 
a number of advantages and disadvantages. Changing 
the fixed hours when work begins has a greater im­
pact on reducing peak-hour travel than introducing 
flextime, according to available model calculations. 
However, a prerequisite for this change is a plan­
ning scheme tailored to the local situation; that 
is, the time when work begins in the participating 
employment sites must be coordinated to suit the 
location and the transit conditions. 

A situational analysis of temporal flexibility 
shows clearly that if people are forced to begin 
work either earlier or later, only one-third of 
those affected would be subjectively or objectively 
flexible in scheduling their time. This means that 
changing the time when work begins would cause more 
or less severe scheduling conflicts for household 
and personal activities; it would also cause prob-
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lems on another level because persons would be un­
willing to reschedule their activities, 

Thus, in order to reduce the number of objec­
tively fixed time schedules for employed persons, 
flextime should be introduced: it is then possible 
for the individual peak-hour passenger to volun­
tarily travel either earlier or later. This makes it 
possible for the passenger to optionally reorganize 
his daily routine on an individual basis to adjust 
to the new conditions. In order to encourage a large 
enough number of individuals to make use of flextime 
in such a way that it will have an impact on the 
reduction of peak-hour travel, supportive measures 
that inform people of the advantages of traveling at 
other times and motivate them to use their flextime 
accordingly should be used. 

There is additional potential to be gained by 
adding those whose flextime does not allow them to 
travel at another time for the time being. All in 
all, doing away with objective time constraints can 
increase the group of employed persons with the 
option of traveling at another time by 16.l percent. 
This reflects an increase of 9, 7 percent for all 
peak-period passengers, 

Decreasing objective time constraints for persons 
traveling to school or training sites is mainly 
possible by changing the time when school or train­
ing hours start. Giving students more leeway to 
organize their daily routines is usually impossible, 
Situational analysis shows that a high proportion of 
school children and trainees are restricted by other 
dimensions when lessons start either 30 min earlier 
or later. Thus, rescheduling will cause problems for 
most of this group. The rescheduling should there­
fore be kept to a minimum and the effects of this 
rescheduling should be cushioned by supportive steps 
in the other dimensions. 

The proportion of VVS passengers forced by VVS 
connections to travel when they do is very small: it 
is only 4,4 percent. Thus, taking steps (usually 
quite expensive; in this area would have only a 
minimal impact, Also, to the extent that flextime is 
introduced, restrictions in this dimension will be 
reduced, because persons will then have more leeway 
in deciding when to begin their trips to work. 

The possible impact of eliminating restrictions 
caused by the household activity program is minimal 
when compared with the impact of changing the time 
when work and school begin. Furthermore, it is also 
difficult to influence household activities. It is 
only possible to take steps that would make it 
easier for households to reorganize their activity 
programs, that is, steps that would have only an 
indirect influence on the households. 

The two single most important components of the 
restrictions on time scheduling in this dimension 
were identified as household activities in the morn­
ing and the family lunch at midday. In the first 
case, different solutions would have to be found in 
each householdi at the most, the possibility of 
coordinating activities could be increased if flex­
time were introduced. 

On the other hand, it is possible that friction 
because of household activities in the morning would 
increase even more if peak-hour travel were reduced 
and the times when work and school began were dis­
persed, It is not possible to suggest here any spe­
cific steps that might be taken, 

However, the fixed times set for eating lunch 
together, which cause peak-period trips, could be 
eliminated (especially for school children) by mak­
ing it possible for them to eat lunch at school or 
by introducing all-day schools. Furthermore, one can 
expect that as a result of shorter work hours and an 
increased number of schools that do not hold classes 
on Saturdays, there will be more time for household 
activity programs. 
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In some ways, people have more leeway in resched­
uling their time when they are subject to personal 
rather than household restrictions, In the former 
case, only the peak-period passenger himself is 
affected by rescheduling, in the latter case, the 
whole household is affected. 

In these dimensions, the most important reasons 
why people have time schedules that leave little 
leeway is that they think that rescheduling their 
time would force them to begin everything either too 
early or too late or that they could no longer 
punctually begin their leisure-time activities, such 
as running errands and shopping in the evening. 

If shops were open longer, this would have little 
impact on whether peak-period passengers would 
travel at different times. It would be more effec­
tive to reduce subjective reasons for not beginning 
daily routines either earlier or later. In light of 
the high stability and routinization of the personal 
activity program, it would be helpful if the target 
persons became more conscious of the existing op­
tions open to them to reorganize their daily rou­
tines, The reorganization of the personal activity 
program would be simplified if externally fixed 
times and time limits were done away with such as 
the times when recreational facilities (e.g., sports 
arenas, restaurants, cultural establishments) open 
and close. 

Given current conditions, the potential that can 
be attained by taking steps of this sort is na­
turally also limited. A large number of those who 
are not free to reschedule their daily routine due 
to their personal activity programs must be en­
couraged to willingly reschedule their routines 
before behavioral changes can be expected to occur. 

Those persons inflexible in rescheduling their 
time due only to their personal unwillingness to be 
flexible currently account for 3.4 percent of the 
total. This group increases to the extent to which 
temporal restrictions are eliminated in other areas. 
'l'his shows how important it is to take steps to 
convince people that they should change their be­
havior, irrespective of what other policies might be 
introduced. 

Two aspects can be emphasized in approaching the 
foregoing group: 

1. Give them information about the problem of 
peak-period travel, showing the extent of peak­
period demand and the problems that this causes: 
this convinces the individual of the importance of 
his own personal contribution. 

2. snow them how much more comfortable it would 
be for them to travel at other times and emphasize 
other advantages of their traveling either before or 
after the peak period, 

Informing those persons with the option of 
at another time of the advantages of 
during off-peak hours can have a positive 
their travel behavior. 

traveling 
traveling 
impact on 

The question of how the absolute peak demand of 
the vvs might be decreased will be supplemented by 
more far-reaching considerations at the end of this 
paper, The negative effect of the peak-hour demand 
on the public transit system is caused less by the 
absolute number of passengers during these times 
than by the highly variable demand during the day. 
Thus, the supply during the peak hours is also 
limited by the lesser demand during off-peak hours. 
Therefore, if it is possible to increase the number 
of passengers during the off-peak (later morning and 
evening) hours, when there are relatively few pas­
sengers, it will indirectly be easier to cope with 
the peak hours. 

This emphasizes the importance of an integrated 
marketing concept, Peak-period passengers are thus 
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not the only target 
tion strategies and 
also be aimed at 
public transit for 
activity trips. 

group. For this reason, informa­
public relations measures should 
potential VVS customers using 
occasional trips and leisure 

Policies to increase 
time can be aimed at all 

flexibility in scheduling 
of the dimensions that are 

responsible for determining the travel situation. In 
Figure 2, examples of the most important policies 
are summarized, and a highly simplified evaluation 
has been made based on the following criteria: 

l. Size of the potential influence of the policy, 
2. Type of impact (voluntary or mandatory), 
3. Degree to which conditions can be influenced 

by introducing the new policy, and 
4. Ability of the transit authority to put the 

policy into effect. 

MODE CHANGE 

Overloading can result in switching to other modes 
of transportation. In order to study the impact of 
this problem on public transit, passengers' options 
of switching to other modes were determined and the 
probability of a change in modal choice resulting 
from decreased comfort during the peak hours was 
estimated (!!) • 

The analysis shows that every tenth passenger 
basically has the option of using an alternative 
mode of transportation (see Figure 3). However, to a 
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particularly large extent, peak-hour passengers are 
forced to use public transit due to the travel time, 
that is, the speed of public transit in comparison 
with other modes of transportation. 

If one surveys the results of the modal-split 
conditions for commuting and school travel, driving 
a car is a potential alternative mode that is men­
tioned relatively rarely. The bicycle and passenger 
in a car are modes mentioned considerably more 
frequently. 

CONCLUSION 

This study has proved that the problems resulting 
from peak-hour travel are complex and that there are 
few generally valid solutions to the problem. Al­
though it is proper and helpful to point out the 
high costs incurred by the transit authority because 
of peak-hour travel, it must be noted that public 
transit is a form of transportation designed for the 
majority: thus, public transit is destined to cope 
with peak-hour volume. Furthermore, most peak-hour 
passengers are subject to constraints. Thus, it is 
frequently impossible or inconvenient for passengers 
to travel at those times that the public transit 
managers deem to be desirable. 

One of the most important insights of the study 
is that individual activity programs are highly 
stable and routinized. Even if people were totally 
free to determine when they would start work and 
school, this would have only a limited impact on 
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1) Changing fi>,ed time when 
work begins, staggered work + - + 

Objectively 
hours forced to 

trave l at a 2) Introduction of flexi-time + + 0 
specific time 3) Changing time when school + + -

begins 

4) Improving VVS connections - + + 

1) Eliminating "mandatory 11 

0 + 0 
Household family lunches 

activity 2) General Exte nsion of time 
program during which household ac- 0 + -

tivities can be partici-
pated in 

1) Extending closing hours - + + 
Personal for shops 
activity 

2) Pointing out existing re-
program organisational options 0 + 0 

3) Decreasing objective time 0 + 0 barriers 

1) Information on the problems 
Willingness caused by peak hour travel *) 
to be and demonstration of in- 0/+ + 0 
flexible creased comfort which is 

possible 
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FIGURE 2 Policies to increase temporal flexibility and evaluation of 
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Objective 
options 

Constraints 

100 . 0 

cb rot have option 

I 28 . 4 

do rot have option 

II 13.5 

cb not have option 

have option 

71.6 

Importance and per­
ception of travel time 

III 26.5 

cb not have option 
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have option 

have optioo 

Importance and per­
ception of travel cost IV B 20.8 

Impor.tance and per­
ception o f comfort 

do not have option ,___. __ 
1 

,_~ _ _ llllVn~ option 

11.2 

Subjective attitude 

FIGURE 3 Option of changing mode of transport. 

solving the problem of peak-hour travel. Further­
more, in the vvs, especially in the rapid rail 
transit system, the s-bahn is well frequented during 
the entire rush-hour period, Therefore, if the 
S-bahn were used somewhat earlier or later, this 
would simply transfer the problem from one train to 
the next, If the trips were postponed until after 
the current peak hours (about 8:00 a.m.), this would 
result in increased costs (especially for person­
nel), which could not be neutralized by cutting back 
on expenses elsewhere. 

The capacity of the S-bahns in Stuttgart could 
also be increased by adding additional multiunit 
trains (trains with three units instead of two 
units). Although this involves investment costs, if 
the multiunit trains could make it possible to 
increase the capacity of the trains enough to cope 
with peak hours, in the long run this would probably 
be the most economical solution. 

Decreasing the passenger load in transit vehicles 
by changing the times when schools start seems to be 
promising only when used in specific instances. 

Two groups have been pinpointed who should be 
informed about the problems caused by peak-hour 
travel for the VVS and who should be encouraged to 
reconsider their travel behavior and possibly change 
their travel habits in a manner that would be posi­
tive for the public transit system. One of these 
groups is those passengers (10 percent) who have the 
basic option of not using public transit: the other 
group consists of those who could travel at another 
time. 

Furthermore, businesses, public authorities, and 
administrations should be encouraged to introduce 
flextime in order to increase the proportion of pas­
sengers flexible to travel at other times. Success 
is possible, if at all, only over longer periods of 
time; much patience is needed. 

V 9.0 

do not have optio,...n_..__, - 1 havo q:,tion 
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Development of Incentive Contracts for 

Transit Management 
SUBH ASH R. MUNDLE, JANET E. KRAUS, and GORDON J. FIELDING 

ABSTRACT 

Contract management is a widely used prac­
tice within the transit industry. Incentive 
contracts, however, are infrequently used to 
procure these services, The considerations 
in combining the two practices are dis­
cussed. The result is an incentive-fee ar­
rangement with a private firm for the man­
ageent of a local transit system. The basic 
concept being presented is that the manage­
ment company's fee can be related to the 
performance of the transit organization. 
There are many beneficial features of this 
approach. First, it conveys to the con­
tractor a sense of the transit agency's 
priorities for improvement. Second, it 
provides an incentive and rewards the man­
agement company financially for its success. 
And third, it can lead to an overall improve­
ment in the productivity of the transit sys ­
tem. The process that a transit agency could 
follow in establishing an incentive program 
with an eligible contract management firm is 
presented. The options and key considera­
tions that may arise during each step of the 
process are discussed. By following this 
guidance, the local agency should be able to 
synthesize these decisions and considera­
tions systematically into a contract docu­
ment for obtaining contract management 
services. 

The development of an incentive contract appropriate 
to the local situation can be illustrated as a 
sequential process, shown in Figure 1. The first 
step is the decision to explore incentive-clause 
opportunities for existing or future contractual 
arrangements. Next, the local agency personnel 
should define what they wish to achieve through the 
incentive clauses. These objectives then lead the 
way to the detailed definition of the incentive 
clause. Key elements are the performance indicators 
against which fees will be determined, payment 
programs, and contract types. All of these decisions 
are brought together into the final bid or contract 
document. 

The process for developing an incentive contract 
for transit management is discussed. Each step is 
defined in a separate section. Throughout the dis­
cussion, the terms "incentive clause" and "incentive 
contract" are used interchangeably. The common 
concept being developed is a performance-related 
payment program around which a new contract is 
drafted, 

DECIDE TO PURSUE INCENTIVE CLAUSE 

The nature of incentive contracts and their previous 
applications are discussed. A review of these funda-

SELECT 
PERFORMANCE 

INDICATORS 

DECIDE TO PURSUE 
INCENTIVE CLAUSE 

IDENTIFY SYSTEM 
OBJECTIVES FOR 

INCENTIVE CLAUSE 

DETERMINE 
PAYMENT 
PROGRAM 

SYNTHESIZE INTO 
BID AND CONTRACT 

DOCUMENTS 

FIGURE I Framework for developing incentive contracts. 

mental aspects of incentive contracts should enable 
the local transit agency to make the decision 
whether to pursue such an arrangement. 

First, what is an incentive contract? Essen­
tially, it is a legal agreement for services in 
which some or all of the fee or profit paid to the 
contractor is awarded according to performance 
against preestablished standards. In early applica­
tions, these standards reflected budgets and sched­
ules for producing hardware such as ships and air­
planes. The use described here would tie payment to 
the transit system's performance as measured by an 
indicator of efficiency or effectiveness. 

The most commonly used contract for government 
services is the cost-plus-ffxed-fee (CPFF) arrange­
ment in which the contractor is awarded a set fee 
and reimbursed for costs incurred regardless of the 
outcome. The incentive contract concept refutes 
this. The fee is not paid automatically; rather, it 
must be earned by achieving contractually specified 
performance levels. 

The fundamental principle of the incentive con­
tract is that the profit motive is the driving force 
in business and that it can be tapped to achieve 
better performance results. It assumes that the 
contractor's motivation will vary with the presence 
or absence of incentive clauses through which addi­
tional profit can be made. Contract terms ensure 
that superior performance is rewarded with high 
profits, mediocre performance by average profits, 
and poor performance by low profits or even 
penalties. 

Second, when might an incentive contract be 
applicable for transit management? There are many 
reasons why an organization might wish to convert 
from a fixed-fee to an incentive-fee contract for 
transit management. The two most prominent situa­
tions are when one area of the system is declining 
in performance and needs special attention or when 
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overall performance of the contractor is undistin­
guished. In the former situation, a particular 
problem might be approaching crisis proportions 
(e.g., operator absenteeism or vehicle reliability) 
and public awareness of the problem is leading to 
heightened scrutiny. In this situation, the incen­
tive fee would be appropriate to focus management's 
attention on resolving the problem. The incentive 
program might only be in effect until the decline in 
performance was arrested. In the latter scenario, 
the transit system may have a very general descrip­
tion of responsibilities for its contractor. Al­
though the contractor may be complying with its 
terms, the performance may be average and the agency 
may expect more outstanding results, particularly 
where there is a competitive market for the contract. 
In this case, the incentive contract would establish 
more clearly defined requirements for the contractor 
in line with agency objectives for performance im­
provements. 

Third, what is the experience in the transit 
industry? Incentive contracts have been used for a 
number of services and cut across many modes. Se­
lected examples are discussed here for commuter rail 
services, small transit systems providing fixed­
route or demand-responsive services, and airport 
ground transportation services: 

l. Commuter rail: A common clause in several 
__ _ .!'I J_ ,.,_J____ - - ..:11 
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Phila- delphia relates to on-time performance i both 
bonuses and penalties have been prescribed for per­
formance above or below the specified threshold. 
Other areas for incentives relate to consist size to 
assure an adequate number of cars and frequency of 
cleaning cars and stations. 

2. Small transit systems: Service in local 
communities is often provided by a contractor ac­
cording to a fixed-unit cost (e.g., rate per hour or 
mile of service) , This rate can be adjusted upward 
or downward against performance thresholds in one or 
more areas. Incentive contract clauses at several 
small systems in California have focused on on-time 
performance, completed trips, working air condition­
ers, preventive maintenance intervals, missed trips, 
and passenger loads. 

3, Airport ground transportation: One example of 
an incentive clause for this type of service focuses 
on the extent to which public operating assistance 
could be reduced by private operation of the bus 
routes to the Dallas-Fort Worth regional airport. 
The service is expected to turn a profit in several 
years, relieving the local communities of any re­
sponsibilities. 

Productivity improvements were the major objec­
tive for incentive provisions in the examp les just 
discussed, although a wide array of operating fac­
tors have been targets for incentive arrangements. 
The decision about which areas on which to focus 
usually was based on operational deficiencies that 
delineated the critical areas in need of improve­
ment. This process of problem identification leading 
to incentive remedies results in clearly defined and 
realistic objectives. This is the next step in the 
process. 

IDENTIFY SYSTEM OBJECTIVES FOR INCENTIVE CLAUSE 

The key question to be answered at this point is, 
"What do we want to accomplish?" The organization 
should identify those critical areas of its opera­
tion where extra effort is needed on the part of 
management company personnel. If the agency believes 
that the extra effort would warrant potential in-
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creases in the management company's fees, it could 
choose the incentive-contract approach. A clause 
targeted to the priority area would be incorporated 
into the agreement for management services. 

Virtually every transit system has established a 
set of goals and objectives, which provide the 
starting point in the development of incentive 
contracts. Priority goals and objectives suggest the 
areas where the incentive contract should concen­
trate and can assist in the subsequent identifica­
tion of appropriate performance indicators by which 
to measure the achievement of these objectives, 

As an example of how this process might evolve 
into the beginnings or an incentive contuu:t, a yudl 
of improving cost efficiency might be stipulated, 
This could be clarified further to the functional 
area where efficiency was lagging, such as the 
maintenance of revenue vehicles. This maintenance 
efficiency could be measured with a number of dif­
ferent performance indicators , including the main­
tenance cost per ven1c.1e mi .Le or ven1c l e mi l es per 
mechanical road call. This last item, the perfor­
mance indicator, becomes the key measure to be 
employed in determining incentive payments. However, 
it is important to note that this selection of 
indicators should be preceded by the identification 
of incentive-contract objectives. 

In opting for the incentive-clause remedy, the 
agency should be able to define the desired result 
tt,at the contractor is oeApected to achieve. These 
objectives should be defined clearly and concisely. 
Similarly, the objective should be realistic. In 
order for the contractor to be motivated to expend 
the necessary extra efforts, the reward must be 
perceived as worthwhile and achievable. 

SELECT PERFORMANCE INDICATORS 

Three major elements make up the incentive arrange­
ment: the performance indicator, payment mechanism, 
and contract type. Performance indicators are used 
by transit organizations to evaluate performance and 
to determine how the entire agency or particular 
functional area is performing relative to stated 
objectives. In the development of incentive con­
tracts, performance indicators are used to gauge the 
contribution of a contract management firm to pro­
ducing transit service efficiently and ensuring that 
service is supplied effectively, The extent to which 
financial rewards or penalties are imposed is mea­
sured through performance indicators. 

Performance indicators are made up of statistics 
that reflect the three key factors in transit ser­
vice delivery: 

1. Input: To produce a specific level of transit 
service, the manager must tap the system's re­
sources. These resources are the input statistics 
and include the labor hours, vehicles, fuel, and 
other resources required to produce service. 

2. Output: the quantity of service produced is 
output. Examples of service output statistics in­
clude miles and hours of service. Output is the area 
where transit management has the greatest amount of 
control and authority. Hours and miles of service 
provided reflect the system's operating plan as well 
as the efficiency with which it schedules and oper­
ates its resources. 

3. Consumption: The amount of service that the 
public uses reflects the effectiveness of the tran­
sit system. Examples of service consumption statis­
tics include passengers and passenger miles. The 
consumption rate of transit services is affected by 
many variables and external factors, many of which 
are beyond the transit manager's control. 
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The interrelationship among these statistics serves 
to define different classifications of performance 
indicators. This can be illustrated if each type of 
statistic is considered as the side of a triangle, 
such as the one shown in Figure 2 (_!) • The inter­
secting points of the triangle are the statistics 
used to measure an objective. The relationship of 

MEASURES OF 
SERVICE EFFECTIVENESS 

FIGURE 2 Relationship of statistics and indicators. 

any two statistics, for example, service input and 
service output, results in one of the classifica­
tions of performance indicators. For this process, 
the following three categories of performance indi­
cators can be developed: 

Cost efficiency: how well labor, capital, and 
fuel (input) are used to produce service (out­
put); 

- Cost-effectiveness: the relationship of input 
costs of labor, capital, and fuel to the con­
sumption of service by the public; and 

- Service effectiveness: the relationship of the 
level of service provided to the amount of 
service utilized or consumed. 

Although many indicators can be used to identify 
a transit system's strengths and weaknesses, some 
are more appropriate than others for incorporation 
in an incentive contract. Because the transit man­
agement company's performance against these indi­
cators will determine the size of its fee or profit, 
it is important that several limiting factors be 
recognized. Five considerations in choosing among 
indicators include the extent to which 

1. The manager will be responsible for perfor­
mance and can be held accountable for results, 

2. The manager will have the authority to make 
necessary changes to improve performance, 

3. The manager has control over internal and 
external factors that influence results, 

4. The performance indicator is easy to under­
stand, and 

5. The data to quantify performance are readily 
available. 

The extent of accountability, authority, and 
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control that a manager is given will vary from 
system to system. In general, as the preceding 
discussion has described, the manager is best able 
to determine service output levels. Service input 
levels also are controllable, though the manager 
must work within constraints such as labor contract 
provisions. Service consumption, however, can be 
affected drastically by many factors beyond a man­
ager's purview, such as gasoline availability or the 
unemployment rate. Therefore, it is reconunended that 
agencies select performance indicatOt"S that measure 
cost-efficiency--the relationship of input and 
output--and avoid effectiveness-related indicators 
for the purpose of an incentive clause, at least in 
the initial contract years. 

DETERMINE PAYMENT PROGRAM 

The next step in the process is to relate perfor­
mance level to payment to the contractor. The amount 
of the incentive payment can be calculated in sev­
eral ways. It can be the only amount the management 
company receives or it can be an amount in addition 
to a preestablished fee. Also, the payment program 
can incorporate penalties as well as rewards. 

Five possible options for payment programs are 
described as follows: 

1. Unit rate: The contractor receives a bonus 
point periodically. Sample applications would be a 
bonus of 2 cents per revenue mile for trips oper­
ating on time and a $1,000 monthly bonus for ex­
ceeding a particular performance threshold. 

2. One-time bonus: A single reward is made for 
achieving a threshold performance level. Most likely 
this would occur at the end of the contract year 
after results have been evaluated. This approach 
places paramount importance on reaching one numer­
ical goal. Also, it can be readily adapted to a 
bonus pool for all employees who might have contrib­
uted to the manager's success. 

3. Incremental amount: A sliding scale is estab-
1 ished to reflect the relative ease of achieving 
certain levels of improvement. This step-function 
relationship between payment and performance is 
illustrated in Figure 3 for the indicator average 
mileage interval between road calls. In this exam­
ple, a contractor could increase the percentage of 
fee received from 2. 5 to 10 percent if the perfor­
mance is improved from 1,500 to 2,500 miles between 
mechanical road calls. Any improvement below this 
level would reduce the fee awarded accordingly. 

4. Proportional amount: Contractors receive a 
specified percentage increase in fee matched to the 
percentage increase in performance. Many propor­
tional payment options can be developed; Figure 4 
shows four. 

5. Fee pool: A total amount of funds would be 
set aside as the maximum available for incentive 
payments. A schedule for reviewing performance and 
awarding a portion of the pool would be established 
simultaneously. Funds would be awarded in whole or 
in part (or not at all) for exemplary performance 
during the contract period. These payments tradi­
tionally complement a base fee that is paid auto­
matically as compensation for the company. 

Each payment program option has advantages and 
disadvantages. Distinguishing characteristics are 
the relationship het.ween payment and performance, 
funding limitations, and the ability to penalize as 
well as reward the contractor. It is important to 
note that both parties to the incentive contract 
(the transit agency and the management company) may 
hold differing perceptions of these advantages and 
disadvantages. 
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FIGURE 3 Incremental-payment method. 

SELECT CONTRACT TYPE 

The indicator and payment program must be incorpor­
ated into a contract document. There are four gen­
eral contract types commonly used by government 
agencies, two of which are used most often in the 
transit industry. They are the CPFF, mentioned 
earlier, and the firm fixed price (FFP). The former 
would provide the transit management company with a 
budget for operating the transit system on top of 
which a fixed fee would be earned by the company. 
The CPFF contract has the fewest incentives i costs 
are reimbursed and fees are paid regardless of 

0 

< 
ll. 

w 
(!) 

~ z 
w 
u 
a:: 
w 
ll. 

~ 
11. 

e 
<( 
ll. 

w 
(!) 
<( 
1-
z 
w 
(.) 
a:: 
w ... 
w 
w 
11. 

PERFORMANCE LEVEL 

TOTAL FEE BASED UPON 
PERFORMANCE LEVEL 

PERFORMANCE LEVEL 

TOTAL FEE BASED UPON SUPERIOR 
PERFORMANCE LEVEL 

FIGURE 4 Proportional-fee payment methods. 

performance results. The fixed-price contract is 
often derived on the basis of unit costi the con­
tractor is reimbursed so much per unit of service 
delivered, often measured by revenue mile or revenue 
hour. The company's profit is one element of this 
unit cost. If the company can trim costs and operate 
at less than the unit cost, these savings represent 
additional profit. However, if costs rise beyond the 
unit rate, the company is still obligated to operate 
at the contractual rate and thus incurs a loss. 

Two other types of contracts involve incentive 
fees and award fees. The incentive fee in its tradi­
tional form is a bonus for savings. Any costs saved 
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under the target cost are shared by the contractor 
and procuring agency according to a predetermined 
sharing formula. This could be applicable to a 
sliding-scale fee arrangement tied to the extent of 
improvement in the priority area. The latter con­
tract splits the fee into guaranteed and awarded 
amounts. A set percentage is paid automatically to 
the contractor to reimburse fixed costs and guaran­
tee a return on investment. The balance is awarded 
as an incentive if a review panel determines that 
excellent performance has been achieved in specified 

OBJECTIVE 

PERFORMANCE 
INOICATOR 

PAYMENT 
STYLE 

OPERATING COST 
PER REVENUE 
VEtHCLE IIOUR 

PROPORTIONAL 
AMOUNT 
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areas. The review process is defined in the contract 
document. 

The various con tr act types exist because there 
are a variety of procurement situations. One type of 
contract may be appropriate for developing new 
technology, whereas another is best suited for 
procuring office supplies. Key considerations are 
the amount of risk to be taken by both parties, the 
extent of uncertainties regarding costs and tech­
nical elements, and the amount of administrative 
oversight required. The CPFF contract, for example, 
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AMOUNT 
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FIGURE 5 Synthesis of the incentive-contract program elements. 
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is appropriate when a specific level of effort is 
required but there are high technical and cost 
uncertainties. The award-fee (CPAF) contract is 
---- -- ---."- ~- ." -."-.t•- . • -J • • -•--L---- - L .• L •• L- . . o. L- . • 
Gl)p1.up1. J.Cll..~ ..LJI b.1.JIIJ...LQL \,,.:.1.1.\.:Ulllbl..CUl\.:t:::b UUl. WllCU l.Ut:::1. t::: 

is a desire for improved performance in selected 
areas. These areas may, in fact, be measurable 
through qualitative rather than quantitative means. 
The incentive-fee contracts are appropriate if 
contractor initiative is essential for a successful 
outcome. These contracts would be used when some 
uncertainties existed yet confidence was high that 
performance could be achieved. Finally, the FFP 
t:ontract is appropriate ru1 sltuatlumd wllh few 
unknowns; the basis for performance is known and 
technical and cost uncertainties are low. 

An incentive-type contract is a useful device 
that should be employed in appropriate situations. 
Of itself, it possesses no inherent qualities that 
assure success. Rather, it is useful when a deter-

for better-than-minimum performance. The anticipated 
benefits ought to exceed the costs that could be 
paid out as additional profit or incurred internally 
for additional contract administration. 

SYNTHESIZE INTO BID AND CONTRACT DOCUMENTS 

rhe preceding activities lead to the final step 
wherein the incentive-contract document is made 
final. The synthesis of the incentive-contract 
program places the overall objective (e.g., labor 
efficiency) as paramount. Contract and payment types 
become secondary and support the definition of 
objective and appropriate performance indicator. In 
this approach, then, the objective and focus of the 
contract arrangement are defined first, a perfor­
mance indicator is chosen second, and the contract 
type and payment style are selected last. The re­
sult, ohown in Figure 5, is a diagram led by the 
efficiency objective. The next choice is among the 
improvement areas. In this illustration, the choice 
for the agency to focus on is either cost or labor 
efficiency. For each focus area, several performance 
indicators can be applied. For example, cost ef­
ficiency could be measured through the operating 
cost per vehicle hour and the maintenance cost per 
vehicle mile. Each indicator could be used with 
several different payment styles. Gradual changes in 
performance may be best reinforced through a propor­
tional payment style (a linear relationship between 
payment and performance), although incremental 
amounts, a pool set aside, and other payment styles 
may be suitable in certain circumstances. A contract 
type corresponds to each payment style. The propor­
tional amount would l:le arranged tnrougn a variable­
or incentive-fee contract; the pool set-aside pay­
ment would require an award-fee contract. The upshot 
of this approach is the definition of each incen­
tive-contract alternative by following a particular 
vertical line on the diagram. A total of 11 various 
contract alternatives are shown in this example. 
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At this point, the agency should have a clear 
understanding of its objectives and should have 
defined an incentive program that complements these 
objective~. 5houltl the c1y~n~y \;huu~~ Lu }:,'Lu(;t:t:U with 
an incentive contract, it would conduct several 
implementation tasks, including the following: 

1. Identify baseline performance and expected 
levels of improvement; 

2. Establish administrative procedures for data 
collection and contract monitoring; 

3. Finalize payment clauses for the contract to 
detine criteria, amount, and schedule; and 

4. Solicit bids and negotiate and execute the 
contract. 

In preparing for an incentive program, the agency 
is offered the following cautions: 

......... , ... 

..., ..... .l 

which the management team has control, 
2. Set standards that are achievable, 
3. use indicators that are easy to understand 

and require minimal data collection, and 
4. Assure that the incentive program does not 

result in a shift in attention away from overall 
system management. 

rn summary, the successful incentive program is one 
in which the benefits to the system in improved 
productivity and responsiveness exceed the addi­
tional expenses for management company fees and 
administrative costs. 
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Application of a Model To Optimize Simultaneous 

Bus Garage Location and Vehicle Assignment 

T. H. MAZE, SNEHAMAY KHASNABIS, MEHMET D. KUTSAL, and UTPAL DUTfA 

ABSTRACT 

A demonstration is presented of a new meth­
odology that simultaneously locates and 
sizes bus garages and reassigns vehicles to 
trips with respect to the garage locations 
being considered. The advantage of this 
methodology over existing methodologies is 
that existing vehicle assignments are not 
used. The existing vehicle assignments were 
originally constructed with the existing ga­
rage locations in mind. Therefore, the use 
of existing vehicle assignments does not 
permit a realistic evaluation of the cost of 
locating at a new site. The methodology pre­
sented and demonstrated accounts for the in­
terdependence of garage location and vehicle 
assignments and it gives the analyst a real­
istic estimate of the costs of locating at a 
new site. The methodology is demonstrated 
with a Southeastern Michigan Transportation 
Authority (SEMTA) case study. The north­
eastern third of the the SEMTA transit net­
work is used in the demonstration, and sites 
in this area are evaluated. At each itera­
tion the methodology reassigns vehicles to 
trips and these reassignments are illus­
trated with computer plots. 

In previous papers concern was expressed over the 
deficiencies in the existing methods to locate bus 
garages (1-6). Specifically, the assignment of vehi­
cles to trips is considered fixed regardless of the 
garage location being evaluated. Generally, the 
evaluation of potential locations is conducted by 
estimating the deadheading cost between the site and 
existing pull-out and pull-in points (the points 
where route assignments begin and end). However, 
once a new bus garage is built, the scheduling de­
partment will normally redesign vehicle assignments 
so that deadheading between the new garage and as­
signments is minimized. Therefore, the existing as­
signment does not provide the analyst with an accu­
rate estimate of what the deadheading costs will be 
if a garage were opened at a new site. 

When current methodologies use existing vehicle 
assignments (blocks) , the evaluation generally de­
termines that the existing garage locations or near­
by locations are good sites for garages. The reason 
for this is that when the scheduler designs vehicle 
assignments, he attempts to m1n1m1ze deadheading 
from existing sites, Therefore, if the scheduler is 
doing a good job, existing locations will always ap­
pear to be good locations for garages. This trait 
has perplexed transit operators who wish to locate a 
new garage away from an old site but find that ex­
isting sites are well located with respect to exist­
ing vehicle assignments (7-9). 

The solution to the problem that existing vehicle 
assignments dictate the location of new garages is 
to regroup trips into vehicle assignments as dif-

ferent combinations of new and existing garage loca­
tions are being considered. In this way the assign­
ments are scheduled with respect to the locational 
characteristics of the new and existing sites con­
sidered, and the assignments are not biased by the 
location of an existing garage. 

The purpose of this paper is to present an appli­
cation of a mathematical program that simultaneously 
locates garages and reassigns vehicles to trips. The 
significance of this methodology lies in its ability 
to more realistically represent the transit system. 
In the methodology presented here it is recognized 
that the location of garages and the assignment of 
vehicles to trips are really interdependent activi­
ties. Further, failure to consider their interde­
pendence has been shown to significantly bias the 
cost analysis of prospective garage sites (l,2), In 
this paper only a brief description of the mathe­
matics underlying the model is presented. For the 
interested reader, the mathematics are thoroughly 
documented elsewhere (ll• 

METHODOLOGY 

The smallest component of the methodology is the ve­
hicle assignment (a block), A block starts with a 
bus pulling out from a garage and starting a trip on 
a route. Once the bus reaches the end of the trip, 
it can either pull back into the garage or hook to 
another trip. If the bus hooks to another trip, it 
has the option of pulling into the garage or hooking 
to another trip on the completion of the second 
trip. The path the bus takes from its pull-out 
through its hook and its pull-in is a block. 

A vehicle scheduler will attempt to design blocks 
so that all scheduled trips are assigned a vehicle 
and deadheading costs between the garage and pull­
out and pull-in points and those of hooks (layover 
and travel costs) are minimized. 

In this methodology the assignment of trips to 
blocks and blocks to garage sites is done with a 
linear program the objective of which is to minimize 
the sum of the deadhead costs and facility costs in 
the combination of garages considered, The deadhead­
ing costs are the sum of pull-out travel costs, hook 
travel and layover costs, and pull-in travel costs. 
Further, a special auxiliary variable is included in 
the mathematical program to ensure that the bus that 
pulls out of one garage is returned to the same ga­
rage, 

Facility costs of the sites consist of a fixed 
charge for opening a site and a construction and ga­
rage operation cost that increases linearly with the 
number of buses assigned to the garage. Garage sites 
are switched off and on to permit the evaluation of 
different combinations of sites. To switch a site 
off, its capacity is bounded to zero, and to switch 
a site on, its capacity is bounded by the maximum 
number of vehicles that can be assigned to the site. 
As garages are switched on, the appropriate fixed 
charge is added to the result of the objective func­
tion. Sites are switched off and on through a branch 
and bounding process until the optimal combination 
is found. [For a complete discussion of the model, 
see the report by Maze et al. (ll .] 
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The decision rules used in the branch and bound­
ing process start with all sites in an undecided 
set, {k 2 }, where members have not been fixed open or 
('!10~':l'n [t-h':" n':'~i!:lion r•-111?1:t ~!'':' t-.::1kf:lln frnm .:I p.:1p~r hy 
Khumawala (10)]. Then, through the delta decision 
rules, sitesin {K2} are tested for candidacy to a 
set where all members are fixed open (set {K1}). In 
the garage problem this entails testing existing ga­
rages to determine whether they remain in the optimal 
option. Next, the omega decision rule determines 
which of the members remaining in {K2} can be made 
members of a set where all members are fixed closed 
(set {Ko}l, In the qaraqe problem, this entails test­
ing candidate sites to determi ne which can be elimi­
nated. After sites have been tested with both rules, 
the sites that still remain in {K 2 } can be evaluated 
by enumerating all combinations of members of {K 2} 
plus all members of {K1 }. The two decision rules are 
as follows: 

1. If the least possible increase in total vari­
able costs (the sum of deadhead, variable garage 
operating, and variable garage construction costs) 
due to not opening a facility is greater than the 
fixed charge, the facility should remain open (delta 
decision rule) • The least total variable cost de­
crease of opening a site can be estimated by solving 
a linear program including all sites (L[{K1 U K2 }J; 
{K1 } may be empty at this point) and then solving a 
linear program without the facility in question 
(L[{K1 U K2} - j]). 

2. If the largest possible decrease in total 
variable cost due to opening a facility is less than 
its fixed charge, the site should remain closed 
(omega rule). The greatest total variable cost de­
crease can be estimated by solving a linear program 
with only those facilities that have been fixed open 
through the delta rule (L[{K1 }J) and then adding one 
site and solving that linear program (L[{K 1 } + j]). 

In hot:h of thP. forP.going rules, T.[] is the linear 
program including the set of sites inside the brack­
ets, {Ko} is the set of sites fixed closed, {K1} is 
the set of sites fixed open, and {K2} is the set of 
sites that have not yet been fixed open or closed. 

CASE STUDY 

This hypothetical case study is presented to demon­
strate the application of the model. The northeast 
third of the transit network of the suburban Detroit 
operator [Southeastern Michigan Transportation Au­
thority (SEMTA) J is used in the demonstration. The 
chosP.n port.ion of t.hP. nP.twork includes routes that 
are currently serviced from SEMTA's Macomb garage. 
Included are nine routes with a combined total of 
447 trips. 

System Characterization 

The portion of the SEMTA system considered consists 
of all fixed routes that fall roughly between Lake 
St. Clair on the east, downtown Detroit on the 
south, and van Dyke Road on the west. These bound­
aries cover a triangular area including the east 
side and eastern suburbs of the Detroit metropolitan 
area. This region does not completely enclose the 
paths of all routes. There are minor exceptions; for 
example, there is a crosstown route considered that 
follows 9 Mile Road. The two termini of this route 
are the box (Figure 1) indicating a route pull-in 
and pull-out point about a mile north of the 8 Mile 
Road and Jefferson Avenue and the box on the west 
side just northwest of the 8 Mile Road and US-10 
(Lodge Freeway). 
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Route Description 

All the routes considered except the one crosstown 
routP. mentionec! P.arlier ;,rP. radial commuter-oriented 
routes. Many of these have a broad variety of travel 
patterns. For example, the bus route that operates 
on Van Dyke Road has five different patterns. Al­
though all five patterns have conunon portions of 
travel (they all travel along van Dyke Road between 
8 Mile Road and 15 Mile Road), some trips on the 
route have a southern terminus downtown and others 
have a southern terminus near Jefferson Avenue and 8 
Mile Road. Hence, although only nine routes are con­
sidered, the coverage of the east side is greater 
than what might be imagined because of the frag­
mented nature of the route patterns. 

Although some of the routes are located along the 
western boundary of the triangular region consid­
ered, the most densely covered portion is the east­
ern portion of the east side, in the Gratiot-Jeffer­
son corridor. For example, the Gratiot Avenue route 
(Route 560) has more than 100 inbound and outbound 
trips daily. Other routes that lie in the same area 
include Kercheval-Mack (Routes 610 and 615), Jeffer­
son (Routes 630 and 635), and Harper Avenue (Route 
580), which have 86, 61, and 15 trips daily, re­
spectively. 

The clustering of service in the Gratiot-Jeffer­
son corridor is also reflected by the position of 
the pull-in and pull-out points shown in Figure 1. 
The pull-out and pull-in points are clustered along 
the corridor. There is a total of 25 such points in 
Figure 1. There is only one in the central business 
district (CBD) of Detroit, although there are actu­
ally several places where routes begin or end in the 
CBD. Most of these points are at best a few blocks 
away from one another, but because of the scale of 
the map, they are represented by one box. 

Site Identification 

Within the study area there exists one SEMTA garage. 
This is the Macomb garage (site c in Figure 1) and 
it is located on 15 Mile Road just to the east of 
Gratiot Avenue. The Macomb garage is considered to 
have a capacity of 100 buses. 

Three other sites are considered potential loca­
tions for garages. The identification of the candi­
date sites is based on the following criteria: 

1. The candidate site should be close ( e , g , , 1 
mile or less) to a major arterial or freeway, and 

2. The site should not be occupied by a struc-

should be of a similar land use (e.g., industrial, 
warehouse, or light commercial). 

Three candidate sites are selected based on these 
criteria and based on knowledge of the transit net­
work. The model could be expanded to include more 
sites and an even larger network, but in this study 
the data are coded by hand for batch entry to the 
mathematical programming package. Because the model 
requires two deadheading cost estimates for each 
trip (one for the pull-out and one for the pull-in) 
and one deadhead cost estimate for each potential 
hookmate for each trip from each garage, the coding 
becomes a rather lengthy task if the number of 
either trips or potential garage locations is large. 
For example, in the case study there are 4 garage 
sites, 447 trips, and 3 potential hookmates for each 
trip. This results in about 9,000 cost parameters to 
be coded for entry into the mathematical program. 
The model can easily be expanded to include more 
sites and trips if future users wish to apply it to 

;;; 
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FIGURE 1 Detroit area base map. 

larger-scale systems. On consideration of the hand 
coding involved in the case study and on trading off 
this effort with the loss in realism in proving a 
small-scale example, a decision was reached to ex­
amine only four sites. It is suggested that future 
users wishing to consider large systems create an 
automatic coding system for data input. 

Site A in Figure 1 is in an area that was cleared 
for urban renewal and is still largely vacant. Be­
sides a few warehouses, the central maintenance 
facility for the Detroit Department of Transporta­
tion (the transit operator for the the city of 
Detroit) , and a small public housing development, 
the area is largely vacant land. The site has good 
access to I-75 and is close to I-94, Gratiot Avenue, 
and downtown Detroit. Site B, located adjacent to 
r-696, is in an area of predominantly light industry 
and there exists ample vacant land. Site D is lo­
cated near the intersection of 14 Mile Road and van 
Dyke. There is nearly a quarter section of vacant 
land that abuts a factory. 

Admittedly some of these sites may be unavailable 
for use as garage locations, and if this study were 
being conducted for an actual transit operator, in­
vestigations would need to be conducted to determine 
ownership, zoning, political feasibility, and other 
characteristics of the site. Because the sites are 
identified only for the purposes of demonstrating 
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the model, this is unnecessary. Once the sites to be 
considered have been identified, the next step is to 
estimate the cost parameters based on these sites 
and based on the portion of the trans i t network con­
sidered. 

Model Parameter Generation 

The model parameters that need to be generated can 
be divided into three types: garage operating costs, 
both variable and fixed; garage construction costs, 
both variable and fi xed 1 and deadhead oosts , which 
i nc l ude trave l time and distance costs o f pull-outs , 
pull-ins, a nd hooks and the time cost of l ayove r s . 
The me t hodology used to e stimate each of these c osts 
is described in the following subsections. 

Garage Operating and Construction Costs 

Garage operating and construction cost functions 
were estimated as part of a previous UMTA University 
Research and Training Grant (2). Both costs are an­
nualized and the functions ar; shown in the follow­
ing. The cost functions are modeled after those de­
rived by actual engineering cost studies of bus 
garages, and the functions are estimated using SEMTA 
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cost information ( 11,l2) • In the derivation of the 
cost functions, a 10 percent spare factor is as­
sumed. The annual construction cost function is 
based on a l~-year Oesign life t:l11U a Ji50ouiit ~at~ 
of 9 percent. 

Total annual garage operating cost= $192,412 + 
$10,340 (number of buses assigned to a garage). 

Total annual garage construction cost= $68,933 + 
$3,190 (number of buses assigned to a garage). 

Deadhead Costs 

Deadhead costs include the costs of travel from the 
garage to pull-out points , t r avel betwee n hookmates, 
travel from pull-in points to the garage, and the 
driver's time during layovers. To estimate the dead­
head costs ior t.he Dt=Lruit ca~i:; gtv,dy, .f-h .a """h~!"'! 

Transportation Planning System (UTPS) computerized 
highway network of the metropolitan area is used 
(13). The network contains aver age s peed of travel 
and the length of highway links. The mileage cost 
(the cost to operate a bus per mile) and the time 
cost (the driver's wage per minute) are applied to 
the Detroit metropolitan area's UTPS highway net­
work. The UTPS module UROAD is used to determine the 
miniinu1f1-cost paths and tc ~ccumt:la.te th~ costs from 
everv centroid to every other centroid. 

Centroids can be moved or created so that they 
are located approximately at every pull-out and 
pull-in point and at every garage location. In this 
wi,.y the costs of traveling to every pull-out point 
and from every pull-in point to all garage sites and 
between all potential hookmates can be estimated. 
The advantage of this methodology is that transpor­
tation costs are estimated with a simulation that 
closely approximates the actua l costs bet ween every 
pair of points o f interest within the system. The 
distance and time costs are derived from the com­
puterized highway network by using actual SEMTA 
travel costs of 30 cents per mile and average driver 
wages, including all benefits, of 22 cents per min­
ute. The deadhead cost estimates are annualized for 
all possible pull-outs and pull-ins and for the 
three best hookmates for each trip. 

Now that all cost parameters have been estimated 
and the system has been characterized, the model can 
be applied to the system, which is described next. 

Model Application 

The first step is to develop a list of sites to be 
evaluated. The algorithm enters the delta rule phase 
and existing sites are tested to determine whether­
they can either be fixed open (see CK1)) or remain 
undecided (set {K 2}). Next the .:1lgocithm enters the 
omega rule phase and all sites remaining in !K 2} are 
tested to either become fixed closed (set !Kol> or 
remain in set {K 2}. Sites remaining in (K 2 } enter a 
branch and bound phase and the result is an optimal 
solution. 

Delta Decision Rule 

The first step in the delta rule is to run a linear 
program with all garage capacities upper bounded at 
their maximums. The second step is to set the upper 
bound of the capacity of one garage equal to zero, 
rerun the linear program, and calculate the dif­
ference in the total variable cost from the first to 
the second run. If the variable costs increase by a 
sum greater than the removed site's fixed charge, 
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the site is fixed open. The third step is to iterate 
back to step two until the list of sites is ex­
hausted. 

Th~ ~~~~ing 0f th~ ~rnhlPm with all upper bounds 
set equal to the site's maximum capacity is the only 
time the problem is to be run with a raw set of data. 
From that point onward, the basis of the previous run 
is revised. The initial solution is as follows: 

Existing No. of 
Capacity Active Buses 

~ (no. o f buses) Assi~ned 
A 0 14 
B 0 1 
C (Macomb) 100 72 
D 0 4 

Total variable cost~ $2,040,783, 

TO help interpret the result, Figures 2-5 are used. 
Figure 2 indicates the relative loca i ons of the 
four sites. The size of the box indicating each site 
is proportional to the number of buses assigned to 
each site. As can be seen , the largest box is lo­
cated at site C and it is proportional to the 72 
buses assigned to that site. 

To int~rpret Figures 3. 4, and 5, it must be re­
membered that at each iteration the model not only 
assigns buses to the garages s idered at that 
iteration but also optimally assigns buses to trips. 
Figure 3 shows the pull-out assignments from each of. 
the sites considered. To understand how to interpret 
Figure 3, note the location of site A, the southern 
site, closest to downtown Detroit, and the wide 
isosceles triangle poin·ting downward from site A and 
terminating in downtown Detroit. The box at the tip 
of the triangle indicates a trip terminus point, as 
do all the other similar boxes. The base of the 
triangle is proportional in length to the number of 
buses that are assigned to pull out from site A for 
trips starting in downtown Detroit. As can be seen 
in Figure 3, there are a large number of pull-outs 
from site C (the site of the Macomb garage) . The 
proportion of activity originating from site C cor­
responds to the relatively large quantity of buses 
assigned to this site. 

Figure 4 shows the quantity of flow of buses be­
tween trip termini. More speci fically, the triangles 
shown are proportional to the hooking activity be­
tween trip termini. Note in Fi9ure 4 that the major­
ity of the hooking activity is between the trip ter­
minus along Gratiot Avenue and to the east (see 
Figure l for tile locacion of Gr a · l ol: r.ve ,,uei. The 
majority of the hooking activity corresponds to the 
location of the majority of the routes. 

Figure 5 defines the pull-in activity. This fig­
ure is read in the srune fashion as the other figures 
showing flows of buses. 

In the first run of the model, only one bus is 
assigned to site B because this garage is relatively 
close, in terms of travel cost, to site c. There­
fore, if a bus is to be assigned to site B, there 
must be a deadhead cost savings , as compared with 
site C, equal to or greater than the cost of con­
structing a new space at site B. To demonstrate the 
trade-offs between the facility costs and the dead­
head costs, the optimization model is rerun with the 
facility costs at site C increased so that they are 
equal to the facility costs at a new site (variable 
garage operating costs plus variable garage con­
struction costs). Site B is assigned 12 buses in­
stead of only one, whereas the number of buses as­
signed to the existing garage at site c is decreased 
from 72 to 42. 
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FIGURE 3 Pull-outs with all garages included. FIGURE 4 Hooks between routes with all garages included. 
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FIGURE 5 Pull-ins with all garages included. 

The next step in the delta decision rule would be 
to switch off the existing site and determine whether 
it shouJ.d be fixed opened (made a member of (Kill. To 
prove that the existing garage at site C should re­
m.ain open, another linear program is run with all 
sites except site C switched on. The linear program 
with only sites A, B, and D results in assignments 
of 38, 27 , and 25 buses , respectively. The sum of 
the facility variable costs and deadhead costs in 
the solution is $2,338,750. The difference between 
the cost of the combination with sites A, B, and D 
switched on and the cost with all sites switched on 
i~ $297,967. B2 , se this is greater than the fixed 
charge of $192,412 (because the garage is already 
built there is no construction cost fixed charge), 
the delta value is greater than zero and site C will 
be the optimal solution. 

The next step in the process is to eliminate can­
didate sites f rom consideration. Candidate sites are 
eliminated through the omega rule in the following. 

Omega Rule 

The first step in the omega de·cision rule is to run 
a linear program with only _member s of {Kil switched. 
Then one member of the undecided set {K 2 ) is switched 
on at a time. The results of the omega rule are shown 
in Table l. Because all candidate sites have omega 
values less than zero, all are placed in {Ko}. The 
optimal solution is to keep the garage at site C and 
eliminate the other sites from further consideration. 
The flow of pull-outs, hooks, and pull-ins is shown 
in Figures 6, 7, and 8, respectively. 
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TABLE I Omega Rule Results 

Omega Value Active Bus Assignments 

0 -176,641 
A 

N = 
A 

16 NB = 0 NC = 74 N 
D 

0 

n -257,058 N = 0 NB B A = 4 N = 86 ND 0 
C 

0 -247,191 N = 0 NB 0 NC 84 N = 6 D A D 

CONCLUSIONS 

In this paper an optimization model is demonstrated 
that simultaneously considecR garage location and 
the assignment of vehicles to trips. The methodology 
was demonstrated by applying it to the transit net­
work of the Detroit area's suburban operator. Ap­
proximately a third of the operator's network is 
used in the example. However, there is no reason 
that the model could not be expanded to consider the 
entire network or even a larger network. Expanding 
the model is simply a matter of coding more data. 

The model works by opening and closing garages at 
prospective locations, evaluating the cost of tran­
sit operation with each combination, and iterating 
until a minimum-cost combination of garages is 
found. At each iteration plots are produced showing 
the flow of vehicles assigned to trips, between 
trips, and back to the garages. These plots provide 
an interesting interpretation of the model's as­
signments • 

FIGURE 6 Pull-outs with only garage C included. 
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FIGURE 7 Hooks between routes with only garage C included . 

The importance of the model's development and ap­
plication lies in its ability to realistically rep­
resent the interrelation between vehicle assignments 
and garage location. Other available methodologies 
assume that the vehicle assignments are fixed re­
gardless of the location being evaluated. This as­
sumption is unrealistic. In actual situations, when 
new garage s are located, veh i cles a re reassigned 
with respect to the locational prope r ti e s of the new 
garage. He nce , evalua ting a new garage with existing 
vehicle assignment s does not result in an accurate 
estimate of what it would cost to locate a garage at 
a candidate site. Further, existing vehicle assign­
ments are biased toward existing garage sites. By 
recognizing the interrelationship between vehicle 
assignments and garage locations, the methodology 
results in realistic cost estimates of locating at a 
particular site and it does not suffer from the bias 
built into existing vehicle assignments. 

The model provides a more realistic system to 
analyze the bus garage problem, but there are still 
many problems that remain to be solved. Two of the 
prominent problems are as follows: 

1. Although vehicle assignments have been dis­
aggregated down to the trip level, little has been 
done to ensure desirable driver assignments. There 
are reasons to believe that during run cutting good 
vehicle assignment will result in better dr i ver as­
s i gnments. When dealing with the bus garage problem, 
o t hers have cons ide red driver assignments by first 
packaging groups of blocks on the same route or 
rou te segment into desirable d rive r assignments 
(14). Then the route or route segmen ts are allocated 
to garages using a mathematical program. Because 
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FIGURE 8 Pull-ins with only garage C included. 
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this second approach does not consider the vehicle 
and driver a ss ignment simultaneously, it has some of 
the same f laws as the method in this paper. To the 
best of the authors' knowledge, no feasible solution 
exists to the problem of simultaneous assignment of 
buses and drivers. Therefore, probably the best that 
can be done at this time is to iterate between a 
multifacility vehicle assignment model and a driver 
assignment model when new garage locations are in­
vestigated. 

2. Currently, all mathematical prog rammi ng tech­
niques used to locate and size bus garages require 
technical knowledge that is not commonly available 
at transit agencies or through consulting firms. TO 
date, the authors know of only one example where a 
transit ag enc y commissioned a garage location study 
that included the use of mathemat ical programming 
(15). Therefore, it is unlikely that any mathemati­
cal programming techniques, in their current forms, 
will ever be commonly used. On the other hand, many 
transit agencies use complicated mathematical pro­
grams on a daily basis. RUCUS and other scheduling 
and run-cutting packages are commonly used and in­
clude complicated mathematical programs. What makes 
these packages operable by most transit agencies is 
that they have been automated to the point where the 
user doe s not n,eed to understand mathematical pro­
gramming . Until garage l ocatio n and sizing methods 
become more automatic, it is unlikely that analyti­
cal methods will receive widespread use. 

In conclusion, there is still much work that 
needs to be done in the development of bus garage 
planning methods. Besides resolving the two problems 
mentioned previously, these methods should probably 
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become part of the long-range transportation plan­
ning process. Typically, transportation plans are 
only concerned with provision of service with little 
rP.gard for operational problems. On the other hand, 
operational planning for garages tends to occur only 
when there is pressure to build one new facility 
with little regard for long-range changes in ser­
vice. These two activities need to be drawn together. 
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First-Year Impact of Reduced Transit Fares on 

Southern California Rapid Transit District 

SUSAN PHIFER 

ABSTRACT 

In 1980 voters in Los Angeles County passed 
a referendum designed to support public 
transit development through a dedicated 
sales tax. One feature of this referendum, 
the reduced-fare program, substantially 
lowered the bus fares at the Southern Cali­
fornia Rapid Transit District (SCRTO) and 
provided a subsidy to maintain adequate 
service levels. The lower fares precipitated 
a surge in patronage on SCRTD lines. This 
growth in system boardings made it necessary 
to accelerate monitoring of the bus lines 
and to increase service levels in many 
cases. The attempts made by SCRTD to deal 
with the patronage growth and the impacts on 
patronage, service levels, and operating 
productivity are described. 

Voter approval of the Transit Development Program 
referendum in 1980 ushered in a new era for public 
transportation in Los Angeles county. Thcough t.his 
referendum, the voters mandated the development of a 
region.al raU rapid transit system. The referendum, 
known as Proposition A, is one of the largest dedi­
cated ta;><es for public transportation ever voted by 
a county electorate in the United States. An op­
portunity has thus been presented to accomplish 
·major transportation imp·rovements in Los Angeles 
county. 

The Los Angeles county Transportation Commission 
(LACTC) placed Proposition A on the ballot at the 
November 4, 1980, general election. The measure was 
approved by 54.2 percent of the county voters. After 
a legal challenge, the measure was validated by the 
California Supreme Court on April 30, 1982. The new 
Transit Development Program started on July 1, 1982. 

Proposition A provided funding for three specific 
programs: lower bus fares (reduced-fare program), 
local transit improvements, and construction of a 
rail rapid transit system. Proposition A increased 
the sales tax in Los Angeles County by O. 5 percent 
and raised almost $300 million in the first year. 
This revenue was combined with state and federal 
funds, fares, and other revenues to provide a com­
prehensive public transit program in Los Angeles 
County. 

Every incorporated city in Los Angeles County 
will receive a direct allocation of sales tax reve­
nues for local transit improvements. Each year, 25 
percent of the sales tax revenue will be set aside 
in a special fund and then divided among the 82 
cities and the county unincorporated areas, accord­
ing to the population of each jurisdiction. Each 
city (or the county in the case of unincorporated 
areas) will decide how to provide better local 
public transportation services for their community. 
They may spend the funds themselves or contract with 
other service providers, such as the Southern Cali­
fornia Rapid Trans it District (SCRTD). This 25 

percent allocation of the sales tax funds to cities 
is permanent. 

For the first 3 years--July 1, 1982, through June 
30, 1985--the first claim on the balance of the 
funds is for fare reductions. The district's base 
fare was reduced from 85 to 50 cents with concurrent 
reductions in the balance of the district's fare 
structure. Funds are provided for the additional 
service necessary to relieve overcrowding from 
increased ridership induced by the lower fare. Funds 
will also be allocat.ed to the municipal bus oper­
ator s as necessary, to keep their ba·se fare at the 
SO-cent level. During the first 3 years, funds not 
required for the fare-reduction program are avail­
able for rapid transit development programs. 

The fare-reduction program of Proposition A ends 
in July 1985. At that time funds w-111 be reallocated 
as follows: 25 percent for the cities, a minimum of 
35 percent for transit guideway development (Metro 
Rail and light rail projects), and the balance of 40 
percent for discretionary public transit improve­
ments as defined by LACTC. These programs could 
include fare-relief subsidy, maintenance of bus 
service, or acceleration of rail rapid transit 
construction. 

One feature of the Transit Development Program is 
the focus of this paper: the first-year impact of 
the Proposition A reduced-fare program on SCRTD. The 
reduced-fare program caused significant changes in 
ridership and service levels. Initially, ridership 
surged, then continued at a slower growth rate 
throughout the first year. Growth in ridership 
affected the service levels required to maintain 
adequate capacity. In the first half of the paper 
the attempt made by SCRTD to deal effectively with 
the surge in ridership is described. The actual 
impacts of the reduced-fare program on patronage, 
service level, pa.ss sales, and operating productiv­
ity are documented in the second half of the paper. 

PREPARING FOR IMPLEMENTATION OF THE REDUCED-FARE 
PROGRAM 

Actions by the Board of Directors 

Subsequent to the Apr i1 30 validation of Proposition 
A by the California State Supreme court, the policy 
bodies of SCRTD and LACTC approved a master agree­
ment, also called the Memorandum of Understanding 
(MOU). Intended to prevent system produ.ctivity from 
worsening, the MOU outlined actions and constraints 
under which the district was to implement the Pcopo­
si tion A reduced-fare program. The MOU, revised in 
February 1983, will remain in effect through the end 
of the mandated reduced-fare program, June 30, 1985. 
Key features of the MOU include the following: 

1. The district will lower its fare structure to 
designated levels on July 1, 1983, 

2. The district will provide enhanced service on 
existing lines to accommodate the increased rider­
ship demand resulting from the lowered fare 
structure, 

3. The district will redeploy its services 
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wherever possible so that capacity is shifted to 
meet additional demand, 

4. The district will maintain its productivity 
as measured by designated standards and not allow 
conditions to become worse on lines where excessive 
crowding exists, 

5. The district will prepare brief statistical 
reports at regular intervals covering specified 
performance indicators, and 

6. LACTC will reimburse the district for these 
actions up to a set dollar limit per month for up to 
a set limit of vehicle service hours per year. 

The SCRTD Board of Directors affirmed the master 
agreement by approving the revision of the dis­
trict's fare structure. As required, the base fare 
was lowered from 85 to 50 cents, a 41 percent de­
crease. There were corresponding reductions in all 
fare ca tegories. Student and college or vocational 
school fares experienced the greatest reductions: 
casn tares were reduced mui:-t: than 70 pare~n"" ::nd 
their respective pass prices were reduced more than 
80 percent. In Table 1 the bus fares before and 
after Proposition A are presented. 

TABLE 1 Bus Fares Before and After 
Proposition A 

Type of Fare 

Cash 
Regular 
Senior citizens and handicapped 
Students (under 19) 
College and vocational 

Pass 
Regular 
Senior citizen and handicapped 
Stude.nt (under 19) 
College and vocational 

Price ($) 

Before 
July I 

0.85 
0.40 
0.65 
0.85 

34.00 
7.50 

22.00 
26.00 

After 
July I 

0.50 
0.20 
0.20 
0.20 

20.00 
4.00 
4.00 
4.00 

To prepare for the expected patronage increases 
due to reduced fares, the Board of Directors autho­
rized the general manager to proceed with necessary 
personnel hiring, bus preparation, and additional 
data collection. 

Actions by District 

The district developed internal guidelines for 
making service additions l,, In orde r to stay 
within the previously mentioned constraints of the 
rna8ter agreement ar,d ccrnpl~,- with its spirit and 
objectives, exceeding of the standards in any of the 
following five respects was deemed sufficient justi­
fication to reco11U11end additional service: 

1. A 140 percent loading standard exceeded on 
four consecutive trips each day, 

2. Pass-ups caused by crowding reported at the 
same location or along the same route segment for at 
least three consecutive days (or on weekends) (pass­
ups cannot be eliminated by schedule adjustment), 

3. An average maximum load (I\M.L) foe the 3-hr 
peak period of more than 55 passengers (the maximum 
load is the highest load occurring on a single trip 
and is generally a little higher than the load mea­
sured at the peak point), 

4. A 100 percent loading standard exceeded for 
local services during the off-peak period and on 
Saturdays and Sundays (three consecutive trips must 
exceed the standard each day), and 
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5, A 100 percent loading standard exceeded on 
express lines for three consecutive trips each day. 

Although these guidelines did not state what level 
of crowding was ac"CepC.~Ult:, 1..111::y wua:c i,,tan~od t~ 
identi£y and alleviate the most overcrowded services. 

The district's preparatory activities were co­
ordinated by the Interdepartmental Proposition A 
Implementation Task Poree, which had representat ion 
from each of the af fected departments . The distr ict 
obtained additional bus operators, as customary, by 
converting part-time drivers to full-time status and 
by hiring additional part-timers. By performing a 
costly overhaul and upgrading or tht! H!Lired fleet, 
the district obtained the necessary additional 
equipment. All SCRTD departments made expeditious 
preparations for the implementation of the fare­
reduction program based on an expected surge in 
ridership. 

MONITORING OVERCROWDED CONDITIONS 

The district's major concern regarding the reduced­
f are program was that the initial patronage increase 
might be very large and might more than fill avail­
able capacity on many lines. some excess capacity 
existed before July 1 due to steady patronage de­
clines during FY 1982, However, it was believed that 
capacity would quickly be exhausted on many lines, 
Accurately predicting the size an.d location o f the 
expected patronage overloads was no possible, 
especially because the fare decrease was so signifi­
cant. The primary goal of the district in responding 
to this uncertainty was to make plans that would 
allow overloading problems to be quickly identi£ied 
and corrected, thus avoiding prolonged hardship to 
patrons. 

InitiaJ.ly, the most severe crowding problems were 
expected to occur during the peak periods when 
capacity was least. Bus line patronage is not gen­
erally tracked at the peak period independently . 
Therefore, to track peak patronage growth and assess 
remaining capacity, a system was developed to follow 
72 bus lines. These 72 lines included 80 percent of 
the service and represented a spectrum of service 
types . To track peak-period patronage on these 
lines, peak- period data from before the reduced-fare 
program were gathered, creating a base line. A 
method was established to estimate total peak-period 
ridership on a line from the number of passengers on 
board at the peo.k otop. Past experience has Rhown 
that the ratio of total passengers to passengers on 
board at the peak stop is not affected by a change 
in ridership level . This ratio is especially stable 
when the tiille pc=iod under ons e ation has a 
consistent pattern of ridership, such as the a.m. or 
p.m, peak period. The baRe-line data for each of the 
72 lines determined the ratio, SCRTD then collected 
subsequent patronage data at a line's peak stop and 
estimated the total ridership for the period using 
the ratio. This estimation method allowed a savings 
in manpower and made it possible to monitor the 72 
lines more frequently after the July l fare re­
duction, 

Patronage data on individual lines can vary as 
much as 10 percent on a typical day, but summing the 
peak-period patronage for the 72 lines gave a more 
reliable estimate of the growth in peak-period 
ridership. In addition, the individual line esti­
mates were used to determine possible overloading 
problems as defined in the in.ternal guidelines 
discussed previously. Where overloading was indi­
cated, the line would be rechecked to assess the 
regularity of the occurrence. 

By early planning, SCRTD hoped to identify and 
add ress the worst overcrowding problems promptly, 



Phifer 

TABLE 2 Average Daily Boardings Since July 1, 1982 

Weekday Saturday 

Avg Daily Percent Change 
Last Avg Last 
Boardings Daily per Boardings 

Date (OOOs) Last Month Year (OOOs) 

1982 
July 1,116 3.5 -4.7 673 
August 1,220 9.3 4.8 736 
September 1,256 3.0 3.8 718 
October 1,374 9.4 12.5 700 
November 1,360 -1.1 13 .2 706 
December 1,351 -0.7 17.8 724 

1983 
January 1,391 3.0 23.8 667 
February 1,402 0.8 24.9 702 
March 1,422 1. 5 25.5 739 
April l,442 1.4 30.2 756 
May 1,471 2.0 33.4 773 
June 1,476 0.3 36.9 755 

Because of the size and diversity of the SCRTD bus 
system, not all capacity problems could be antici­
pated. For these, SCRTD relied on complaints. Com­
plaints came from several sources, including the 
public, bus operators, dispatchers, and road super­
visors. All complaints were evaluated, usually by 
point check, and then service was augmented if 
necessary. In September when school resumed and 
student patronage surged, the use of complaints to 
detect crowding was necessary. 

FIRST-YEAR IMPACTS OF THE REDUCED-FARE PROGRAM 

Patr onage Growth 

In the initial 2 months of the fare-reduction pro­
gram there was a 12 percent surge in average weekday 
patronage. However, few demand capacity problems 
were experienced. Spare capacity existed in the 
system as a result of steady patronage losses over 
the previous two fiscal years, so initial increases 
could be absorbed. 

Checks of ridership in the initial weeks sug­
gested that the majority of the patronage increase 
was taking place during the midday period and on 
weekends: the smallest increase was in activity 
oriented to the central business district (CBD) 
during the peak periods. This explained how a o. 7 
percent increase in service level was able to accom­
modate a 12 percent growth in patronage during the 
first 2 mont.hs of the program. 

Table 2 shows average daily boardings for the 
calendar months from July 1982, the start of the 
reduced-fare program, through June 1983. As can be 
seen, the weekday boardings have steadily increased 
each month except for the November and December 
seasonal patronage loss, which nevertheless repre­
sented a ridership level more than 13 percent higher 
than that of the 1981 holiday season. Saturday and 
Sunday ridership levels, though more erratic month 
to month, have also experienced an overall gain 
since July. Weekend patronage levels have been 
consistently higher than those of the previous year, 
displaying larger increases on Sundays than on 
Saturdays. 

Figure 1 gives the quarterly growth in patronag@ 
on weekdays, Saturdays, and Sundays for FY 1983. 
During this period, two pronounced increases in 
patronage occurred. One happened in July with the 
advent of reduced fares and one in September concur­
rent with the opening of the schools. The latter is 
a seasonal shift that was significantly inflated by 
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FIGURE 1 Change in daily patronage, FY 1983. 
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the lower student fare. As is evident, patronage 
continued steady growth through FY 1983. Original 
predictions, drawn from past experiences with fare 
reductions, had stated that system patronage would 
probably level off during the second quarter (Octo­
ber to December 1982) • This pattern of continuing 
growth was unexpected. 

Service Hours and Equipment 

As the patronage increase strained the capacity of 
many 1 ines, service was augmented. In Table 3 the 
annualized system revenue vehicle hours in effect 
for six representative months from April 1982 to 
April 1983 are reported. The drop in service hours 
that occurs between April and June 1982 reflects the 

TABLE 3 Change in Revenue Vehicle 
Hours 

Date 

1982 
April 
June 
September 
December 

1983 
January 
February 
April 

Annualized 
Revenue Hours8 

6,650,353 
6,599,144 
6,673,098 
6,767,312 

6,860,569 
6,874,360 
6,928,705 

Percent 
Change 

-0.77 
+1.12 
+l.41 

+1.38 
+0.20 
+0.79 

a For months coinciding with significant changes in 
the bus system. 
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seasonal service decrease caused by the recessing of 
school. Revenue vehicle service hours increased 
again in September and continued steady growth 
~horo~F~or_ ~ho rli~~r;~~ m~n~ ~ ~nnr.~Yt~~ pffnrt 

during this period to abide by the master agreement 
when service was augmented. As a result, although 
patronage increased more than 27 percent by February 
1983, revenue service hours had increased only 2. 7 

percent. However, as FY 1983 approached its end, the 
annualized revenue service hours being operated by 
the district had surpassed, by an estimated 60,000 
to 80,000 hr, the 6,883,000-hr cap agreed on in the 
MOU. 

Another aspect of increasing service is the 
additional bus requirements. Figures 2, 3, and 4 
show the number of additional buses added per month 
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FIGURE 4 Cumulative monthly bus addit ions for Sundays. 

from July 1982 to March 1983. As can be seen in 
Figure 2, weekday bus additions hovered around 30 
buses from July through September and then rose 
sharply to around 60 buses in October. weekday 
equipment requirements increased in the a.m. and 
p.m. peak periods, whereas weekends required addi­
tional equipment during the midday and p.m. peak 
periods. Since October, bus patronage has continued 
a less dramatic but steady rise, and bus additions 
have grown consistent with this demand. 

Pass Sales 

Pass sales have escalated in volume as expectedi 
however, the various categories of bus passes ex-

hibited dissimilar patterns of growth. Figure 5 
shows growth in sales by type of pass purchased. 
Although pass sales for all types are higher since 
the bus fares were reduced, the student and college 
and vocational pass categories demonstrated the most 
dramatic risei student pass sales escalated to sur­
pass both those of senior citizen and regular passes. 
The disproportionate growth in student pass sales is 
attributable to the 80 percent reduction in the stu­
dent pass price on July 1 versus a 41 percent reduc­
tion in the regular pass price. For this reason, some 
Los Angeles County school systems are considering 
cutting costs by reducing or terminating their 
school bus contracts with private carriers and pur­
chasing student passes from SCRTD (_!) • Even with 
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staggered school hours and efficient scheduling, 
providing school bus service exerts a heavy load on 
the district, because students travel in patterns 
r .. quiring extra bus assignments and excessive non­
revenue miles. 

When average pass use per day by type of pass is 
examined, another result of the reduced fares can 
readily be seen. In Table 4 bus pass sales are com­
pared with the average pass use per day by type of 
pass for the months of February 1982 and February 
1983. It is interesting to note that actual sales of 
regular passes rose 2 percent and their average use 
increased 5 percent from February 1982 to February 
1983, whereas the percentage of average daily board­
ings by regular pass fell 2.8 percent. Concurrently, 
the sale of student passes rose 162 percent and 
their average pass use fell 21 percent, whereas the 
percentage of average daily boardings by student 
pass gained 6.3 percent. Student pass sales sur­
passed the sale of regular passes for the first time 
in SCRTD history in January 1983. 

TABLE4 Comparison of Pass Sales and Average Pass Use per Day 
by Pass Type 

February 1982 February 1983 Percent Change 

AYg Pass Ave PRSS Avg Pass 
No. Use per No. Use per No. Use per 

Pass Type Sold Day Suh! Day Sold Day 

Regular 82,198 3.49 83,766 3.65 +2 +5 
Senior citizen 

and 
handicapped 64,084 2.23 67,351 2.52 +5 +13 

College and 
vocational 14,237 2.82 40,373 2.56 184 -9 

Student 34,781 2.98 91,296 2.36 162 -21 

Operati ng Produc tivity 

The district makes an ongoing effort to maintain and 
increase the productivity of its bus operations. 
Productive bus operations are marked by good utili­
zation of bus capacity and a high proportion of 
operating time spent in revenue service. In the case 
of SCRTD, the need to offer service to a wide ser­
vice area such as Los Angeles County limits the 
efficiency that can be obtained. However, the rise 
in patronaqe caused by the lower fares has favorably 
affected productivity by increasing bus utilization 
in the midday period when excess capacity is avail-

Bus service productivity is measured by a variety 
of indicators. Some common measures are passengers 
carried per hour or per mile of service , nonrevenue 
bus hours as a percentage of total bus hours, and 
rate of return from passenger fares (farebox operat­
ing ratio). Table 5 shows these performance measures 
for interval.a from April 1982 through April 1983. 
All productivity measures in Table 5 experienced 
improvement concurrent with the patronage growth 
except, as expected, the last one, farebox recovery. 

Some of the added efficiency demonstrated in 
Table 5 occurred due to the increases in off-peak 
patronage. The remainder resulted from productive 
scheduling measures that contained peak vehicle 
requirements in spite of the significant patronage 
increase. Between June and December 1982, a 21 per­
cent increase in total monthly boardings occurred. 
Approximately 15 percent of this increase occurred 
during the peak periods, supplemented by a 3.5 

-Percent increase in peak buses. 
The rate of growth of the district's operating 

Transportation Research Record 992 

TABLE 5 Operating Productivity Measures 

Passengers Passengers Nonrevenue 
per per Hours per Farebox 
Revenue Revt:nut:: Tulal Ovt;1dt.i11~ 

Date Hour Mile Hours(%) Ratio(%) 

1982 
April 53.0 4.0 7.39 42 
June• 52.l 3.9 6.75 38 

Fare Reduction 

September 59.9 4.5 6.92 24 
December 63.4 4.7 6.91 23 

1983 
January 65.1 4.8 6.60 23 
February 66.0 4.9 6.67 24 
April 66.1 4.9 6.45 24 

Note: Performance measures are for months coinciding with significant 
changes in the bus system. 
8 School recess. 

costs declined between FYs 1982 and 1983. Farebox 
revenue fell dramatically in July, and, interest­
ingly enough, it has maintained a fairly uniform 
level since then, in spite of the continuing growth 
in patronage. The even farebox revenue levels com­
bined with significant patronage growth during the 
weekday base and weekend time periods tend to indi-
cate a notable increase in diacretionary bug tra~el 
and not solely the attraction of new patrons. Pass 
sales data would indicate that regular pass buyers 
are making these discretionary trips. However, the 
true proportion of discretionary trips contained in 
the increase is as yet unsubstantiated. 

CONCLUSION 

Perceiving the need to improve their public trans­
portation, the voters of Los Angeles County mandated 
development of rail and light rail transit systems 
by approving the Transit Development Program refer­
endum in 1980. The sales tax referendum also called 
for reduced bus fares during the first 3 years and 
compensated the affected bus companies by providing 
a subsidy derived from the sales tax. This local 
funding allowed the district to avoid major service 
cutbacks that had been planned to begin in July 
1983. The Transportation Development Program was a 
real boon to the district, because it demonstrated 
local support for a rail system and obviated the 
need to cut bus service in FY 1983. 

However, the reduced bus fare imposed by the pro­
qram severely underpriced the cost of a bus ride for 
all riders. The extremely low cost of the student 
pass has led to tremendous growth in student patron­
age. The resultant need to add service for this 
relatively low revenue-producing segment of the 
transit market has been especially costly for the 
district in terms of bus requirements, high nonreve­
nue service hours, and lowered operating ratio. In 
addition, the district's patrons who have been mis­
led by the low subsidized fares will be distressed 
when the mandated subsidy ends in July 1985 and 
fares return to a more reasonable level. 

Patronage levels had been expected to stabilize 
within the first 6 months of the reduced-fare pro­
gram. However, this has not occurred, and patronage 
is continuing to rise. The district is working with 
LACTC to restrain the growth of service hours as 
much as possible, because the district could po­
tentially exceed the maximum hours agreed on for FY 
1984 (1). It is necessary to contain the service 
hours of the bus system at this time, because in FY 
1985 the guaranteed subsidy for bus transit will 
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end. Unguarded growth now would assure major service 
withdrawals in 1985 and the loss of the goodwill of 
district patrons. 
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Transit Service in Northern New Jersey 

DAVID T. HUNT, ADRIENE B. BAILEY, CHRISTINA ADIDJAJA, 

and J. DOUGLAS CARROLL 

ABSTRACT 

A computer-based method is developed to 
evaluate the compliance of New Jersey Tran­
sit with Title VI of the 1964 Civil Rights 
Act regarding a fair and adequate distribu­
tion of transit service to all persons. The 
method involves a combining of transi t-ser­
vice and census data so minority areas and 
the level of service to these areas can be 
identified. One county (Union County) was 
selected as a test case to examine the four 
main problems encountered. The first in­
volved geographical matching of transit 
routes and census tracts. Second, transit 
service had to be measured and apportioned 
to the tracts. Third, minority classifica­
tions were defined and assigned to the 
tracts. Finally, a means was necessary to 
present the results in an easily interpreted 
format. 

At the request of New Jersey Transit (NJ Transit), 
the newly formed state organization responsible for 
owning and operating most of the public transporta­
tion services in New Jersey, a procedure was devel­
oped at Princeton university for evaluating the 
equity of transit service to the various minority 
groups residing in northern New Jersey's urbanized 
areas. This was prompted by NJ Transit's need to 
report to UMTA the compliance or noncompliance with 
Title V.I of the 1964 civil Rights Act regarding a 
fair and adequate distribution of federally assisted 
t ransit service among all persons, 

The two main data requirements for this study 
were the transit operations and the census informa­
tion. The route locations and frequencies for ap­
proximately 150 bus routes, 9 commuter rail lines, 

and l subway (Newark) were provided by NJ Transit. 
Also provided were similar data for privately owned, 
state-subsidized bus services. The census data 
concerning the various minority groups were obtained 
from the 1980 census at the tract level. The study 
region in northern New Jersey contained 1,280 tracts 
in the f ollowing 10 counties: Bergen, Essex, Hudson, 
Middlesex, Monmouth, Morris, Ocean, Passaic , sommer­
set, and Union (see Figure 1). 

Union County was used as a test case to focus on 
the four main problems that had to be resolved in 
order to permit a rational, rapid, and objective 
display of the facts. The first problem concerned 
the geographical matching of transit routes and 
census tracts. Second, transit service had to be 
measured and apportioned to each tract. The third 
problem involved def ining the minority classifica­
tions and assigning those properties to the tracts. 
Finally, a method was needed to present the results 
so that all pertinent information could be displayed 
for easy interpretation and assessment by Ub!TA's 
evaluators. 

GEOGRAPHIC MATCHING OF ROUTES AND TRACTS 

The transit routes were provided by NJ Transit as a 
series of bold lines traced over streets on Hagstrom 
maps. A digitizer was used to code these routes for 
computer storage as a series of line plots with X-Y 
coordinates. [Digitizing routes involves tracing the 
route on a sensitive table with a special pen that 
automatically records the location of a point (node) 
when it is depressed.] From the X-Y coordinates of 
the nodes, routes were pieced together as a series, 
or chain, of links (see Figure 2). 

The tract boundaries were available in a digi­
tized form from the Princeton university Computer 
Center. This file, as with the route file, consisted 
of a set of X-Y coordinates, but these coordinates 
were in latitude and longitude (Figure 3). There­
fore, a method to combine the two data sets into a 
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FIGURE 1 Study region: 1980 census tracts, northern New Jersey. 

FIGURE 2 Union County transit routes. 

common, geographically accurate set of coordinates 
was required (i.e., the two maps had to be fitted to 
the same scale and orientation), 

The problem at first appeared to involve a simple 
rotation and translation of one data set to fit the 
other. So the first attempt was to transform the 
tract data and produce a transparent map to overlay 
on the Hagstrom. From these two maps, the routes 
were defined by digitizing the points of intersec­
tion between the route and tract boundaries as the 
routes traversed the tract map (see Figure 4). 

This immediately led to two problems. First, 
routes often follow tract boundaries (because many 
boundaries are main roads), which creates diffi­
culties assigning routes to a tract. The second and 
more serious problem occurs when random errors are 
introduced into the digitizing and transformation 
processes, which results in an assignment to the 

wrong tract of a route that is on or close to a 
border. 

The only way to ensure that a route follows a 
boundary exactly is to assign the route nodes and 
boun.dary points the same x-Y coordinate. This is an 
ext.remely slow process and could not have been 
completed by the project deadline. Therefore it was 
decided to adopt a process developed by Walter G. 
Anderson of the Princeton University Interactive 
Computer Graphics Laboratory (ICGL) in which a band 
or service region is constructed around the route. 
This process--called the ribbon approach--is dis­
cussed in the next section. 

One last improvement that. permitted faster input 
of the routes was to digitize them without regard to 
tract boundaries. Because both the route and tract 
coordinate files are stored, lt appeared logical and 
faster to let the computer calculate the points of 
intersection between the routes and the tracts~ 

ASSIGNING SERVICE TO TRACTS 

Once the routes were stored in the computer as a set 
of points located within the census-tract map, the 
two data sets (demographic and transit service) had 
to be related for each route in each tract. The goal 
was to obtain a measure of service that was simple 
and meaningful, 

The simplest relationship between the tracts and 
the routes was the distance each route extended 
through any given tract. This was easy to calculate 
but presented some modeling problems. Bus routes 
tend to fall along tract boundaries, but because of 
the random errors incurred in digitizing the points, 
the computer assigned everything to one tract or 
another. Obviously, a route running close to a 
boundary is actually serving the neighboring tract 
as well as the tract through which it travels, The 
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FIGURE 3 Union County 1980 census tracts. 

FIGURE 4 Union County tracts and routes. 

route-miles measure did not make allowances for this 
situation. Another failure of this system was that 
differences in types of bus and rail service could 
not be considered in a realistic day. In order to 
distinguish between a local and an interstate bus, 
one would probably use a regression coefficient 
reflecting the probability that a person will board 
an interstate or intrastate bus. To find this coef­
ficient would entail much time and data manipulation 
and the result would not be a clear or understand­
able representation of the measure of service. 

After consideration of several other methods, the 
final decision was to pursue what is now referred to 
as the ribbon approach. The procedure is straight­
forward and logical in its methodology. 

The theory centered around those boarding public 
trartsit. The person most likely to board a partic­
ular bus is someone standing in a location where the 
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cost of the walk to the route is less than the value 
of the net benefit to be gained from the service at 
the end of that walk. A method was developed where 
it was possible to construct a ribbon of any width 
around a chain of links (a bus route) (Figure 5). 
This enabled a decision about what actually consti­
tutes service to be made in a realistic and meaning­
ful way. The final choice, made in consultation with 

FIGURE 5 One-fourth-mile service ribbon: NJ Transit bus route 
150. 

NJ Transit, was to allow a 0.25-mile distance or ser­
vice area on either side of the local bus routes and 
a 0.50-mile service area on either side of the inter­
state routes. Railroad stations were given circular 
service areas of a 0.50-mile radius because the 
stations are the only points where passengers can 
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board. These distances represent reasonable walking 
distances for their respective services. 

The second step was to measure actual service to 
the tracts. The reqion lvinq in a route's service 
area (i.e., the route ribbon or station circle) was 
found and apportioned to ·each tract. The area com­
putations were accomplished by drawing straight 
parallel lines close together inside the ribbon or 
circle (Figure 6). The area inside any tract is 
found by computing the length of each line in that 
tract and multiplying the total by a constant for 
the line spacing. 

FIGURE 6 Intersection between Union County 
Census Tract 378 and 0.50-mile service area 
around NJ Transit bus route 150. 

The shaded or ribbon area for each route in each 
tract is then divided by the total area of that 
tract, giving a percentage of the area in any par­
ticular tract served by a given route. This is shown 
as follows: 

Percentage of TRJ\CTi served by ROUTEj 
AREAi/TOTAL AREAi. 

RIBBON 

Each of these percentages was then j 
multiplied by Qi, 

which was the frequency of ROUTE through T~CT on a 
typical workday. For the train stations, Qi was the 

number of scheduled trains at each individual sta­
tion. This allows the frequency to be set to zero 
for closed-door bus service to some tracts and to 
remain at its normal value through tracts that are 
fully served. The percentage of area served repre­
sents the probability that a bus route will be 
available to a person in TRACT1, and the frequency 
represents the number of buses in a typical day. 
This service level is for each individual route for 
each tract 1 therefore, total sar"'.;ice to a tract i~ 
the sum over all the routes for that tract. 

This measure of service is in reality a measure 
of service to the geographical section of land 
represented by the tract. Thus it represents the 
service an individual in that tract will encounter. 
The numbers are compared with the census data by (a) 
assuming uniform distribution of the population 
within a tract and (b) comparing the service level 
with a measure of the probability that a certain 
person standing in TRACTi will be of a particular 
background (e.g., the probability that the person 
standing in TRACTi is black equals the percentage 
of the population of TRACTi that is black). 

There are many advantages to using the ribbon 
approach for calculating service to an area, the 
most important of which is the simple reasoning 
behind the weighting of the service. However, it 
also allows flexibility in setting frequencies, 
changing the width of the ribbon of service, and 
relating the service measures to different segments 
of the population data base. 
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BLOCKING TRACTS BY MINORITY CLASSIFICATIONS 

Once the level of transit service has been deter­
mined for each tract, it becomes important to find 
the classifications and number of minorities who are 
receiving the service. The selection of the minority 
groups included in the study came after consultation 
with NJ Transit and UMTA representatives. Minority 
data were obtained from the 1980 census summary Tape 
File 3A (1). It was decided by NJ Transit, UMTA, and 
Princeton - that the following seven minority classi­
fications were appropriate for the purposes of this 
study (the census files from which the data were ex­
tracted are given in parentheses): carless households 
(97, 123), black (12), elderly (65 and over) (54), 
income level (family) (73), minority (total) (12, 
14), Spanish (12, 14), and transit handicapped (54). 

Each tract was assigned a percentage of the 
minority for six of the seven categories, the ex­
ception being income, which was assigned as the 
median level for the tract. It was necessary to 
determine regional means and medians from county­
level data because small values are often suppressed 
at the tract level. The tracts were grouped by 
different shadings to permit viewing of high minor­
ity concentrations in the region or county. The 
gradations for the shadings were selected with 
reference to the magnitude of the regional mean (see 
Figures 7 and 8). 

PERCENT BLACK POPULATION 

D § 
<10 >30 

FIGURE 7 Percentage of black population. 

PERCENT WITH TRANSIT HANDICAP 

LJ 
<2 >6 

FIGURE 8 Percentage with transit handicap (shaded tracts). 
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Means provide a good measure unless the data 
contain •wild shots• (extreme values). It was there­
fore decided to use medians also, which give a more 
robust measurement. To do this, all tract values 
were ranked and a regional median and two hinges 
(i.e., quartiles) were established. These quartiles, 
taken from regionwide values, permitted comparison 
of minority concentrations not only within one 
county but also between counties (see Figure 9). 
This method proved to be misleading because of areas 
of high minority concentration. For example, the 
regional median for blacks is 1.9 percent (65 blacks 
per tract) compared with a mean of 12.7 percent (the 
difference being attributed to several areas with 
more than 90 percent black population) • Therefore, 
Figure 9 identifies tracts with 2 percent black 
population as above the median and thus high-minor­
i ty areas. 

BLACK POPULATION 

D § Effl 
Znd 3rd 

QUARTILES 

MEDIAN 

FIGURE 9 Black population (quartiles). 

4U. 
(hlah) 

65/lracl 

By multiplying the percentage of tract area by 
the frequency served (as described in the previous 
section), a measure of amount of service to that 
tract is obtained. Summing over all tracts provides 
totals for minor civil division or county. The major 
assumption made in these calculations is that each 
tract is homogeneous and of uniform density, which 
means that variations in population densities within 
tracts are not considered. However, it provides a 
reasonable approximation. 

EFFECTIVE PRESENTATION OF RESULTS 

Once the service levels were calculated and the 
minority groups identified, it was necessary to 
provide clear and concise representations of the 
combined data. Several different formats that al­
lowed simultaneous scanning of both transit service 
and demographic data for a county or the entire 
region were tried. These formats centered around 
combinations of shadings, skyscraper plots, and 
variable bandwidths. 

The two plots most appropriate for displaying 
census data were shaded tracts and skyscrapers. The 
tracts were shaded based on even gradations using 
means as reported in the previous section (see 
Figure 7). The skyscraper plots are vertical bars 
drawn at tract centroids proportional in height to 
the data item being displayed (see Figure 10). The 
advantage of the skyscrapers over shading is that 
shading implies sharp differences between tracts 
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1
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43 .4 

~ 

FIGURE IO Percentage of black population (skyscraper plots). 

when in some cases they may only be l or 2 percent 
apart. The skyscraper or bar plots reflect the 
actual percentage for each tract. 

In attempting to display transit service, both 
frequency and coverage have to be considered for 
each tract. Frequency can be shown as bandwidths 
where the thickness is proportional to the number of 
buses traveling on that link (see Figure 11). Cover­
age can be easily visualized by shading the service 
regions (ribbons) around each route and noting the 
unserved (unshaded) areas (Figure 12). By multiply­
ing frequency by percentage of tract served, a 
number reflecting service within a tract can be 

FIGURE 11 Transit frequency in buses per day. 

FIGURE 12 Transit coverage. 
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FIGURE 13 Bus service in Union County. 

obtained and displayed using skyscrapers (Figure 
13). This value represents the number of times per 
day the average tract resident can board a bus or a 
train. 

The relationship between the census data and the 
level-of-service measure is the key step in attempt­
ing to define the equity of service. In Figure 14 
the values for percentage of minority and local bus 
service are given to provide a clear, graphical 

PERCENT MINORITY POPULATION 

316 0 
158 <10 

Ill • 
>10,<20 >20,<30 >30 

AVERAGE ~ 22 37 % 

FIGURE 14 Bus service and minority population. 

AUTOLESS MOUSEHOLDS 

lllll • 
>i0.<30 >30 

AVERAGE: = 16 . 11 " 

FIGURE 15 Rail service and carless households. 
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representation of transit service to minorities in 
Union County. A similar diagram is presented in 
Figure 15 for carless households and rail service. 

CONCLUSION 

This research was undertaken by Princeton University 
with the intent of exploring quick and economical 
methods for relating census data and transit ser­
vice. The application of this comparison, as pre­
sented in this paper, was to provide a measure of 
the equity of service to minority groups for report­
ing Title VI requirements. A series of criteria and 
measures were selected that presented the informa­
tion in a realistic and beneficial manner. 

It became obv i ous during the course of this 
project, however, that many of the techniques used 
could be expanded into other areas of transit plan­
ning and analySi$ . In determininq equity of service, 
it was also possible to identify unserved areas and 
compare intrastate and interstate bus and rail 
service levels. Expanding on this process can lead 
the planner to methods for determining new transit 
needs in view of changing land use patterns or 
prediction of ridership potentials along proposed 
routes. Thus, it is believed by the authors that 
this method for assigning transit service based on 
demographic data is not restricted to the determina­
tion of equity of service but can be applied to a 
wide range of future research. 

The question that remains for UMTA and others to 
answer is whether transit service (in this example 
in Union County) is equitable. If one measures the 
number of opportunities per day per capita to board 
a transit vehicle (the measure of service to each 
tract) and multiplies that by the number of persons 
in each minority group in each tract, a composite 
number can be generated for the county. 

After this had been done, the following number of 
daily opportunities were found in Union County for 
minority, white, and total population for local and 
interstate bus service: 

Ca t egory 
Minority 
White 
Total 

Total No. of 
Opportun i ties 
127,818 
376,276 
504,094 

Transit Service Frequency 
Per Capita 
Local 
68.2 
46.3 
51.8 

Interstate 
43.5 
34.7 
36.9 

If populations in each tract are homogeneous and 
evenly distributed and if the availability of a bus 
(or train) over an average weekday is a fair measure 
of transit service , .. ~a ,..,,,n .... l ncdnn ~r ;::n.:,n is that 
service is better (more frequent and closer) in 
those t-.r act:,; with a higher percentage of minority 
population. But this is known because low-income 
households live more densely and have fewer cars. 
Therefore, this is where bus customers are more 
likely to be. 
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Design of a Nighttime Transit System for 
Salt Lake County, Utah 

RAYMOND C. MILLER 

ABSTRACT 

Salt Lake County, Utah, has experienced 
tremendous population growth along with an 
increased demand for transit services since 
1970. The Utah Transit Authority (UTA), a 
publicly funded organization, was conceived 
in 1970 and is responsible for providing 
public transportation to Salt Lake county. 
UTA has continuously modified services to 
accommodate the growth and changing travel 
patterns throughout its history. However, 
transit service after 7:00 p.m. had not been 
changed since its implementation more than 
10 years ago. Analysis of the nighttime 
transit service in this region revealed that 
this service was not functioning effec­
tively. Three conceptual systems were de­
veloped, and the system that best met the 
goals is described. The new system was 
implemented on November 22, 1982. 

Currently, transit systems throughout the United 
States are undergoing serious financial problems 
(1). The transit company basically has two alterna­
tives to balance the budget. One is to increase 
revenue by increasing either ridership or fares. The 
other is to decrease costs or service. 

The Utah Transit Authority (UTA) operates ap­
proximately 27,000 revenue miles per weekday, 5. 6 
percent of which are operated after 7:00 p.m. There­
fore, approximately 1,500 revenue miles of service 
make up the night system, which is defined as all 
trips departing from the central business district 
(CBD) after 7:00 p.m. 

Historically, UTA's night service has been one of 
the least efficient in the system. The service 

terminated at 9: 30 p.m., which is when the last 
trips departed from the CBD. The service was imple­
mented during the early 1970s when the UTA system 
was originally conceived. Since that time, the 
region as well as the travel demands of the popula­
tion have continued to grow. 

The primary goal of this research was the devel­
opment of a nighttime transit system that offers the 
public a better service. The first objective in 
accomplishing this goal was to accurately identify 
the characteristics of the existing service. The 
second objective was to determine regional charac­
teristics such as activity centers, populatio1, 
densities, and trip origins and destinations. The 
third objective was to reduce operating costs and 
maintain or increase the existing ridership level. 
The fourth objective was to extend the hours of 
service. 

The primary goal and set of objectives lead to 
the hypothesis that decreasing transit coverage 
during the evening and night period and extending 
the hours of service will improve the economic 
efficiency of transit service after 7:00 p.m. 

OPERATING CHARACTERISTICS OF PRIOR SYSTEM 

The night transit system was made up of 26 routes 
operating 134 one-way trips, most of which origi­
nated in downtown Salt Lake City. With the exception 
of one route that serviced Ogden from Salt Lake 
City, all of the routes operated within Salt Lake 
County. The service provided extensive coverage or 
accessibility, especially to the east side of Salt 
Lake Valley. The system was implemented in the early 
1970s, at which time a large percentage of the 
population resided in the east portion of the val­
ley. Since the early 1970s, a large amount of com­
mercial and residential development has occurred in 
the southwest portion of the valley, yet little 
service existed within this area. Comparing the 
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night system to the total transit service for salt 
Lake county indicates the poor performance. For 
instance, system averages indicate that passengers 
per mile is 1.9, passengers per hour is 35.1, and 
passengers per trip is 21. 7 (~). The night system 
averages were 0.93, 18.4, and 10.9, respectively. 

In order to measure the efficiency of a route, 
the performance indicators of passengers per mile, 
passengers per trip, and passengers per hour were 
weighted equally. Using this method of analysis, an 
index was developed for the purpose of comparing the 
different routes of the night system. The method of 
equally weiqhtinq the categories was to divide the 
indicators of each route by the respective total and 
then add the three categories, the highest score 
indicated the most efficient route. 

Efficiency index formula for route i = (passengers/ 
hour for route i divided by the sum of passen­
gers/hour for all routes) + (passengers/mile for 
route i divided by the sum of passengers/mile for 
all routes) + (passengers/trip for route i divid­
ed by the sum of all passengers/trip for all 
routes). 

The night system cost approximately $800,000 per 
year to operate. The costs are made up of a number 
of components. In an effort to accurately determine 
the costs of the night ~y~t.em, it was theoretically 
separated from all other transit services (1). 

The cost components of the night system include 
miles of operation, which includes revenue and 
nonrevenue miles, and hours of operation, which is 
the total time paid to bus operators. 

The system operated a total of 105.48 bus driver 
hours. This component is separated from other costs 
because it is a significant portion of operating 
costs. Historically, operator wages account for a 
significant portion of total operating costs. The 
labor rate per hour for a bus operator is $9. 28, 
which includes fringe benefits such as vacation 
time, sick leave, and insurance. On a daily basis, 
the bus operator labor costs $978.58. 

The cost per mile less operator labor costs 
includes such elements as fliel, tires, maintenance 
labor and services, and repair parts. The average 
cost per mile is $0,9068. Total miles of operation 
per night was equal to 1,821.9, which includes 
1,661.9 revenue miles and 160 nonrevenue miles. The 
total cost of operating the night system per day was 
$2,554.32. 

Revenue, on the other hand, is calculated simply 
by multiplying the total average number of pas­
sengers per day by the average revenue per pas­
senger. The average number of passengers per ctay was 
1,473. This number is an average of the 12 latest 
calendar months. 

The average revenue per passenger was determined 
to be $0.30. The base fare structure for service at 
this time of day is $0, 40. However, discounts for 
pass users, senior citizens, children, the handi­
capped, and transfer users bring the average paid 
fare to $0.30. Therefore, the average farebox reve­
nue per day amounted to $441.90. 

Measuring the economic efficiency involves deter­
mining the percentage of the operating costs covered 
by farebox revenue. In the case of the prior night 
service, 16. 5 percent of the costs were covered by 
revenue. This is much lower than the system average 
of 22 percent. 

SYSTEM DEVELOPMENT 

The major goals in the development of a new system 
were 
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- To reduce the operating costs, 
- To improve economic efficiency ratio of revenue 

to cost, 
- To serve major activity centers, 
- To extend the hours of serv1ce, and 
- To minimize the impact of current transit users. 

Three alternative system designs were developed. 
The costs, vehicle requirements, advantages, and 
disadvantages of the alternative systems were then 
compared so that the most effective system could be 
selected internally by UTA staff members. 

The alternative selected is made up of 13 routes. 
The hours of service are 7:00 to 11:30 p.m., includ­
ing 100 one-way trips. 

This system was designed to operate in major 
corridors to increase travel speed and eliminate the 
negative impact of bus operation on neighborhoods at 
a late hour. The route structure offers increased 
frequency instead of maximum coverage in an effort 
to improve the ridership of eacn route as wei.l as 
system ridership. 

The major advantages of this system are as fol­
lows: 

1. Most major activity centers are accessible by 
transit, 

2. Neighborhood impacts are reduced, 
3. Routes run later in the evening than the cur­

rent service provides, 
4. Costs are decreased, and 
5. There are minimal operator and vehicle re­

quirements. 

The major disadvantage is that there is less 
coverage than with the prior system. 

Figure 1 shows the route structure of the new 
system, which is currently in operation. In the new 
system the miles of operation were reduced from 
1,661 to 1,454. The hours of operation per day were 
reduced from 114 to 96. 

A formula was developed to forecast ridership of 
the new system utilizing past average daily rider­
ship as the data base. The logic behind this quick­
estimation technique is to determine the change in 
ridership resulting from system design changes and 
the extension of the hours of service. The estima­
tion of the impact due to the extended hours of 
service was obtained by taking a percentage of the 
total internal automobile travel for a metropolitan 
area the size of Salt Lake (_!). 

The formula is as follows and the estimated 
result has proved to be accurate: 

{ ITVT, + W, IPTl 1 /[!VT-, + W2 (PT)]} ' MF 
- ridership -change factor, 

where 

MF 

CONCLUSION 

in-vehicle travel time of old system, 
in-vehicle travel time of new system; 
access time under old system; 
access time under new system; 
an accepted factor of 2.5, which repre­
sents the human tendency to exaggerate 
time spent walking to and waiting at a 
bus stopi and 
the percentage of increase in internal 
urban travel due to the extended hours of 
service. 

The first 5 months of operation of the new service 
proved to be quite successful. Total miles of opera-
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FIGURE 1 System route structure. 
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tion were reduced by 12,5 percent and hours of 
operation were reduced by 15.8 percent. The combina­
tion of increased ridership and decreased costs has 
led to a more efficient service. 

The new service operates 100 trips per night, 
which includes 1,454.7 service miles. The ridership 
level per night has increased to 1,615, the highest 
level on record (Figure 2). The ratio of passengers 
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per mile is currently l,l and is expected to remain 
at this level. 

This research and the resulting service altera­
tions have been based on the hypothesis that de­
creasing transit coverage during the evening and 
night period and extending the hours of service will 
improve the economic efficiency of transit services 
after 7:00 p.m. Comparing the economic efficiency of 
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FIGURE 2 Nighttime service ridership history. 

the past system with that of the new system for the 
same time period and the following formula, the 
revenue cost ratio improved from 16.5 to 20 . 6 per­
cent: 

Economic efficiency measure= (R/P) X P/[M (C/M) 
+ LR (H)J, 

where 

R/P = 
p 

M a 

C/M = 
LR= 

average revenue per passenger, 
average daily ridership for 5-month period, 
total miles operated per day, 
cost per mile (less operator wage), 
labor rate per hour (includes benefits), 
and 

H = total hours of operation. 

The community of Salt Lake County has been the 
biggest beneficiary of the recently implemented 
night service. The social benefits of later service 
have not been measured, but late workers can now get 
to and from work, residents can use the bus for late 
night social events and evening classes, and shop­
pers can use the bus later. Tne commun i ty has a l so 
benefited from the reduced cost of providing this 
service. 

ACKNOWLEDGMENT 

The author wishes to express his sincere apprecia­
tion to his co-workers in the Planning Department 

for their assistance and guidance during the course 
of this project. Also the technical assistance from 
the staff of the Wasatch Front Regional council is 
greatly appreciated. The preparation of this report 
was financed in part through grants from the u.s. 
Department of Transportation. 

REFERENCES 

1. 

2 . 

3 . 

4. 

J. Bonnel. Transit: 
Traffic Quarterly, 
541-556. 

Growing 
Vol. 35, 

Financial Crisis. 
No. 4, 1981, pp. 

Bus Service Evaluation Procedures: 
Massachusetts Bay Transportation 
Tidewater Transportation District 
Boston, Mass., 1979. 

A Review. 
Authority, 

Commission, 

W. Cherwony. Cost Centers: A New Approach to 
Transit Performance. Transit Journal, Vol. 3, 
No. 4, 1977. 
Quick Response to Urban Travel Estimation Tech­
niques and Transferable Parameters. NCHRP Report 
1R7. ~RB , National Research Council. Washinqton, 
D.C., 1978. 

Publication of this paper sponsored by Committee on 
Public Transportation Planning and Development. 



Transportation Research Record 992 77 

The 1983 New Jersey Transit Rail Strike: 

A Systematic Emergency Response 

STEPHEN GORDON and STEVEN FITTA NTE 

ABSTRACT 

Many recent experiences with transportation 
system disruptions have affected the transit 
system distribution networks of urban core 
areas. The United Transportation Union 
strike of New Jersey Transit (NJ Transit) 
Rail Operations, Inc., during March 1983 
represented a unique situation. In this 
case, a statewide public transportation 
system, geared for the provision of long­
distance line-haul access to a large urban 
center, implemented an emergency contingency 
plan to provide an alternative to this 
line-haul service. NJ Transit's contingency 
planning and implementation processes are 
described. The processes and results are 
compared with those of other large public 
transportation systems that have recently 
experienced service disruptions. A number of 
conclusions are drawn based on NJ Transit's 
performance in responding to the strike and 
the comparison with experiences of other 
transit agencies. The findings illustrate 
the importance of (a) predicting the neces­
sity of having a plan and having the lead 
time to develop one and (b) establishing and 
maintaining close working relationships with 
other agencies whose cooperation is vital to 
successful plan implementation. 

On January 1, 1983, the New Jersey Transit (NJ 
Transit) Corporation officially took over the opera­
tion of its nine rail lines, which until that time 
had been operated by the Consolidated Rail Corpora­
tion (Conrail). This occurred in response to a 
congressional mandate issued the previous year that 
directed Conrail to divest itself of all passenger 
service operations in the Northeast Corridor. 

In April 1982, NJ Transit indicated that it would 
assume the operation of its rail lines. Because it 
was the first of the affected agencies to do so, 
this marked the first time that a state agency, 
created to administer and provide public transporta­
tion, would operate a commuter railroad. [Eventu­
ally, New York Metropolitan Transportation Authority 
(MTA), Maryland MTA, and the southeastern Pennsyl­
vania Transportation Authority (SEPTA) did likewise.) 

NJ Transit is New Jersey's statewide public 
transportation agency. It is different from most 
other large public transportation authorities in 
both size and mission. It oversees a statewide 
public transportation network, providing a wide 
range of services, including local-urban bus, subur­
ban-to-urban commutf'r hus, and commuter rail. Each 
service category is composed of additional subgroups 
of distinct service performance. The average daily 
performance of each of the three major service 
segments is summarized as follows (data are from the 
NJ Transit Department of Planning, June 1983): 

Service 
Rail 
Local bus 
Commuter bus 
Total 

No. of Daily 
Passenger Trips 
138,000 
276,000 

84 ,000 
498,000 

Avg Trip 
Length (miles ) 
20.9 
4.3 

ll.O 

Every day 500,000 trips are made along NJ Tran­
sit's extensive bus and railroad networks. Its nine 
railroad lines, which provide intensive long-dis­
tance service between points in northern New Jersey 
and New York City, account for 69,000 of those 
riders, including 58,000 during the 6:00 to 9:00 
a.m. morning peak period. The ridership distribution 
by line is shown in Figure 1. Figure 2 and Table 1 
show NJ Transit and Port Authority TransHudson 
(PATH) rapid transit peak-period ridership. 

A key goal of NJ Transit when it made the deci­
sion to assume operation of its rail lines was to 
achieve significant operating efficiencies by nego­
tiating changes in antiquated and inefficient work 
rules with the operating unions. When NJ Transit let 
these intentions be known, it received clear signals 
from labor indicating that such a strategy would be 
challenged and could result in a system shutdown. At 
that point (September 1982) , it was decided that a 
contingency plan for providing alternative service 
for railroad passengers would be developed. 

Recent experiences in several large cities that 
have suffered prolonged transportation system dis­
ruptions point out the importance of creating and 
using contingency plans to minimize the negative 
impacts. Otherwise, the resulting "congestion in 
core areas can become unmanageable to the point of 
endange r ing publ i c safety and adversely affecting 
the ec o nomic hea lth of core area businesses" (1) • 

The availability of contingency plans that outline 
cr1s1s response actions and delegate roles and 
responsibilities to various actors can be useful to 
maintain order and to help commuters cope with the 
s itua t ion. The r efo re , several operat ors and r espon­
s ibl e gover nment agencies have developed plan s 
designed to help the public c ope with t r a.nsportation 
d isruptions and the means wi t h wh ich to i mplement 
the m. The pur pose o f t h is paper is t o e xamine NJ 
Transit's contingency planning process and the 
eventual implementation of that plan. Results from 
recent research of transportation contingency plan­
ning efforts are used to provide important charac­
teristics of planning and implementation. These 
characteristics are used as bases of comparison for 
NJ Transit's experience. They are also used to 
distinguish some characteristics of contingency plan 
preparation and implementation that are unique to 
transit agencies similar to NJ Transit. 

CHARACTERISTICS OF CONTINGENCY PLANNING 

A sign ificant amount of literature has been pub­
lished regard i ng governmental a nd community prepara­
tions for transportation supply disruptions (in 
addition to work on organized response to natural 
disasters). This research has resulted in the iden-
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tification of potentially important characteristics 
for contingency planning efforts, Meyer and Belobaba 
identified four issues that must be dealt with 
•-1!".d .. fl:'t!'!"l.y wh~n ~riRiR-rPRpnnRP- plans are developed 
(£): 

l. Clear identification of priorities for gov­
ernmental response, 

2. Interorganizational coordination, 
3. Delineation of specific tasks and responsi­

bilities, and 
4. Relation of the likely forms of behavior of 

disaster and crisis victims to the measures in­
corporated into a contingency plan. 

Of course, contingency planning and implementa­
tion processes differ depending on the nature of the 
crisis. Different types of emergencies will elicit 
varying responses from the general public. For 
example, the amount of advance warning and the 
degree of consensus among government authoritie~ 

PHILLIPSIUIIG 
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will vary by type of emergency (e.g., a natural 
disaster, an energy shortfall, or a transit shut­
down). However, accurate anticipation of public 
reaction and strong, direct action are critical 
elements of contingency plans in any situation. The 
finer points of public policy should always yield to 
the necessity of a clear governmental presence, 
which is perceived as helping to maintain reasonable 
public order (3). 

Although some correlations exist between con­
tingency planning for transportation disruptions and 
other types of crisis planning, each process has 
characteristics that differ from those of the 
others. After researching several transit system 
disruptions, Meyer and Belobaba concluded that for 
transportation contingency planning, there are three 
such attributes (£): 

l. Planning efforts tend to become politicized. 
Measures are selected for political reasons, actors' 
Lules depend un respunsibili'Clet:i yivt:n i:.o t.ht:iii, and 

IA'I' HEAD 

Note: Data are from 
the Department of 
Planning, NJ Transit 

FIGURE 1 Average peak-period ridership, New Jersey passenger railroads. 
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FIGURE 2 NJ Transit rail passenger movements. 

TABLE 1 NJ Tranait Peak-Period Rail Ridership 

Location 

Inbound 

New Jersey Division 
From 

Northeast Corridor 
North Jersey Coast Line 
Raritan Valley Line 

Subtotal 

Hoboken Division 
From 

Total 

Morristown and Essex Line 
Main and Bergen Line 
Pascack Valley Line 
Boonton Line 

Subtotal 

Outbound 

Northeast Corridor 
Morristown and Essex Line 
Other 

Total 

No. of Riders 

10,500 
12,500 
5,000 

28,000 

11,000 
8,000 
3,500 
3,000 

25,500 

53,500 

2,500 
1,500 

500 

4,500 

Location 

New Jersey Division 
To 

New York Penn Station 
PATH 

33rd Street 
World Trade Center 

Newark 
Points before Newark 

Subtotal 
Hoboken Division 

To 
PATH 

33rd Street 
World Trade Center 

Newark Broad Street 
Points before Newark and Hoboken 
Subtotal 

. oou 
PENN 

STATION 

~ J~-;-i 

~ 

WORLD TRADE 
CENTER 

No. of Riders 

13,000 

700 
7,800 
4,300 
2,200 

28,000 

7,500 
14,500 
2,500 
1,000 

25,500 

53,500 
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plans often become a source of leverage for in­
fluential interest groups. Emphasis is given to 
crisis management and program implementation. 

2. li',F.fot'"'~ino :r~!:'tI"U')!"~~ tn ~ r'!Ti!=;i~ !=;ituation 
requires a management structure with clear lines of 
authority and communication. 

3. Crisis situations offer unique opportunities 
to implement actions that under normal circumstances 
would not be adopted or would take a long time for 
approval. A need for quick governmental action often 
dissipates routine implementation obstacles. (For 
example, during the 1966 New York City transit 
Rtr ike, Fifth Avenue and Madison Avenue were con­
verted into one-way streets to improve traffic flow. 
The proposal had previously met stiff opposition but 
was kept in place after the strike,) 

The characteristics of contingency plan implemen­
tation are also important. Implementation "must not 
he co~cei'..?~tl ~s a pr0(!eA~ ~hr1t. takP.~ place after~ 
and independent of, the design of policy. Means and 
ends can be brought into somewhat closer correspon­
dence only by making each partially dependent on the 
other" (4). In other words, policy makers should pay 
as much - attention to the machinery necessary for 
executing a program as they do to that for launching 
one. Lloyd and Meyer identified a set of character­
istics for project implementation, many of which can 
be applied to contingency plan implementation (!): 

1. Successful implementation requires a group of 
individuals who are committed to orchestrating the 
innumerable events necessary to overcome implementa­
tion obstacles. 

2, Responsible agencies must maintain a flexible 
approach toward implementation and be willing to 
make adjustments. 

3. Developing and maintaining a constituency 
that can support the plan from development through 
implementation is vital to success. 

4, Consistent communication and feedback de­
signed to gauge the response of constituents and 
modify strategy accordingly are necessary. 

5. A marriage between the goals of the profes­
sional advocates of the plan and the objectives of 
those wielding political power is an important 
ingredient for success. 

PREPARATION OF RESPONSE TO NJ TRANSIT STRIKE 

Shortly after the NJ Transit Board of Directors 
voted to assume operation of its railroad from 
Conrail, a small task force was established to 
develop a rail strike contingency plan (5). The task 
force included staff from NJ Transit corporate 
headquarters, the NJ Transit bus operations sub­
sidiary (NJT Bus), and the newly formed rail operat­
ing subsidiary (NJT Rail). In addition the task 
force included representatives from the New Jersey 
Turnpike Authority, the Port Authority of New York 
and New Jersey (PANYNJ), New York MTA, the New 
Jersey Highway Authority, and the New Jersey Depart­
ment of Transportation (NJDOT). 

From the outset, the task force had t1<0 goals. 
First, rail management was directed to provide for 
the orderly shutdown of the railroad. This called 
for the manning of towers and bridges for freight 
movements, protection of rail equipment, ticket 
agency audits, and the closing of stations, yards, 
and other facilities. 

Simultaneously, NJT Bus began to develop plans 
for substitute bus service. After close work with 
staff from the Port Authority Bus Terminal (PABT) 
and the PATH rail system, a preliminary plan was 
agreed on by September. Essentially, the plan was to 
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deploy substitute buses along many of the affected 
rail corridors. 

The Plan 

The plan consisted of three elements designed to 
meet the varying needs within each rail corridor. 
Priority would be given to the peak-hour travel 
needs of commuters bound for Manhattan, Newark, and 
Jersey City. This would require busing for approxi­
mately 40,500 riders through a combination of regu­
lar routes and satellite park-and-ride bus service. 
[This assumed that 25 percent of normal rail pas­
sengers would carpool or buspool and that riders 
normally boarding at Newark could continue to board 
PATH trains bound for lower Manhattan or National 
Railroad Passenger Corporation (Amtrak) trains for 
midtown Manhattan there.] The plan was as follows: 

1. Rail riders would be accommodated, to the 
extent possible, on regular routes operated by NJT 
Bus and the state's private interstate carriers, 

2. In those instances when there was no regular 
route service available within the proximity of a 
rail line or the number of rail riders far exceeded 
the available capacity of regular routes, a satel­
lite parking system would be established. Rail 
riders would be shuttled to major gateways to New 
York City (such as the PATH stations at Hoboken, 
Jersey City, and Newark). 

3. Single-occupancy vehicle restrictions would 
be established. Rail riders would be encouraged to 
ride in carpools, vanpools, and buspools in order to 
minimize the impacts of additional traffic volume on 
the state's already congested highway network. 

Plan Development 

The plan raised a number of questions regarding the 
operation of regular route and satellite services: 

1. How many additional NJT Bus vehicles and 
drivers would be available for substitute bus ser­
vice? 

2. Would private carriers be able or willing to 
provide service where NJ Transit could not? 

3. Could an adequate number of available parking 
facilities for satellite bus service be identified? 

4. Could the major bus terminals ab.!lorb the new 
demand generated by the rail strike? 

5. What would be the projections of displaced 
rail passengers by corridor? 

6. wouJ.a municipal governments and polic., de­
partments be willing to cooperate? 

Regular Route Service 

NJ Transit's ability to meet the needs of rail 
commuters depended on the availability of certain 
resources. First, the initial delivery of 700 new 
commuter buses, expected during the latter part of 
1982, was delayed by a strike at the factory. The 
number of buses that were available by the beginning 
of 1983 was to determine the ability of NJT Bus and 
private carriers to augment regular route service. 

Second, the number of available drivers involved 
the potential use of retired drivers to supplement 
the regular work force. Issues of compensation 
needed to be determined for these workers. 

Third, a list of all available entry points to 
Manhattan had to be determined. Initially, consider­
ation was given to the area's major bus terminals, 
including the Port Authority Bus Terminal (Manhat-
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tan), Penn Station (Newark), and Journal Square 
(Jersey City). The Staten Island Ferry (Staten 
Island) was added to avoid overloading Journal 
Square, These urban ter minals were to serve as the 
destination for satellite lot and regular route bus 
services, facilitating transfer to PATH and New York 
City Transit Authority (NYCTA) subways to connect 
with major work destinations, 

Fourth, the degree of cooperation that could be 
expected from the private carriers was unknown, as 
was their capacity to expand service. Several car­
riers, however, did indicate willingness to provide 
extra regular route and contract service. 

It was decided that the decision of how many 
additional buses to place in regular service was to 
be decentralized. The private carriers were asked to 
schedule additional service on their routes as 
demand warranted and were to bear full responsibil­
ity for the financial consequences, The number of 
additional NJ Transit buses and drivers to be added 
was to depend on the numbers of rail riders dis­
placed within NJ Transit bus route corridors and the 
availability of extra drivers and buses. 

Satellite Park-and-Ride Service 

The initial determination of additional bus capacity 
available for regular route service underscored the 
need for providing shuttle bus service from major 
park-and-ride locations in the various rail cor­
ridors, Five major rail corridors served by seven 
rail lines were targeted for satellite park-and-ride 
lot development. It was estimated that 13,000 riders 
could be accommodated through expanding regular 
route service to the urban terminals, Thus, approxi­
mately 27,000 riders would have to be served through 
satellite park-and-ride service. 

Initially, utilization of existing park-and-ride 
lots at major railroad stations was considered. 
However, the possibility of picketing by striking 
railroad workers forced the task force to seek other 
locations. 

The process of locating candidate parking areas 
began with setting goals for total spaces for each 
rail corridor. Ideally, each lot was to accommodate 
a minimum of 500 cars and support a 10-bus opera­
tion. An inventory of major shopping centers and 
industrial and public facility parking lots was 
compiled by contacting local Chambers of commerce, 
retail associations, county planning departments, 
and state and local economic development organiza­
tions. In addition, leading commercial and indus­
trial realtors and corporations were contacted to 
obtain leads on underutilized or vacant parking 
areas. 

Because there was no funding available for the 
leasing of parking space, the number of available 
locations was quite limited. The search produced 17 
locations having a combined total of 15,400 parking 
spaces. Letters of agreement were individually 
tailored to the specific needs of NJ Transit and the 
site owner. Each agreement contained clauses govern­
ing the hours and duration of operation, insurance 
coverage, and the installation of communications 
equipment and trailers. 

Finally, eight parking facilities with a capacity 
of 11,000 spaces were secured for use during the 
strike. In addition, five rail station parking lots 
were used, despite the threat of picketing, to 
supplement these facilities when the demand war­
ranted additional capacity . 

Cha rtering Private Carrier Service 

NJ Transit• s ability to provide service for these 
special park-and-ride locations was constrained by 

Bl 

the number of additional drivers and vehicles that 
were to be available. NJ Transit eventually com­
mitted itself to providing an additional 109 vehi­
cles for regular route and satellite bus services. 
However, the projected vehicle requirements for the 
satellite system alone totalled 324. 

Eventually, 13 private bus carriers agreed to 
provide service from satellite facilities located in 
their service areas. Buses had to be chartered on a 
per-bus basis, and payment had to be guaranteed, 
whether or not the bus was actually needed on any 
given shift. This lack of scheduling flexibility 
made the chartered service one of the more costly 
elements of the contingency plan. In return, riders 
were to be guaranteed high-quality, frequent bus 
service in lieu of their trains. 

Terminal c apac ity 

Questions regarding the adequacy of terminal capac­
ity necessitated a high degree of cooperation be­
tween NJ Transit and the Port Authority of New York 
and New Jersey to 

l, Expand the capacity at PABT in midtown Man­
hattan and 

2. Reschedule PATH trains to meet increased 
demand at Newark Penn Station and Journal Square. 

The plan called for 47 percent of the added buses to 
use Newark Penn Stat i on as a gateway to New York 
City, Thirty-nine percent of the buses were to go 
directly to PABTi the remaining 14 percent were to 
go to Journal Square in Jersey City. 

The decision to max1m1ze use of Newark Penn 
Station was the result of several factors. First, it 
could accommodate riders to Newark, Jersey City, 
Hoboken, and midtown and downtown Manhattan. Second, 
this terminal could be approached by arterial and 
limited-access highways from several directions. 
Finally, the availability of PATH and many NJ Tran­
sit bus routes made this location an excellent 
transfer point, 

It was determined that PABT could accommodate 198 
extra buses. Many of the major satellite locations, 
including the Meadowlands Sports Complex, were to 
send buses there. The use of Staten Island repre­
sented an approach t o reducing the overcrowding of 
PATH station terminals such as Journal Square by 
commuters destined for lower Manhattan. The biggest 
obstacle anticipated for this gateway was one of 
percept ion. 

New Jersey commuters were unfamiliar with the 
time involved in traveling to lower Manhattan via 
the Staten Island Ferry. They perceived this as 
being a much longer trip as opposed to traveling via 
PATH. Commuters had a negative attitude toward this 
point of entry because at least two modal switches 
would be required to complete a trip (car to bus, 
bus to ferry, and ferry to subway). As a result of 
light patronage, buses originally intended to termi­
nate at the Staten Island Ferry were rerouted to the 
Journal Square PATH station. 

I mplementat i o n 

On February 26, 1983, the United Transportation 
Union (UTU) announced that they would strike the NJ 
Trans i t rail system effective the following Tuesday, 
March 1. (NJ Transit had assumed operation of the 
rail system on January 1, and labor negotiations 
took place over the ensuing 7 weeks.) On that day, 
all commuter rail service was idle, forcing 69,000 
commuters to find alternative means of transporta-
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tion. The strike lasted 34 daysi rail service was 
resumed on April 4, 1983. 

Strike Preparation 

During the weekend before the strike, the strike 
task force contacted each of the private bus car­
riers, satellite lot owners, and other transporta­
tion authorities to reestablish the commitments made 
during December. Originally, the strike contingency 
plan was completed and details were released to the 
public on December 21, 1982, with thP l:''K"pPr.tr1t.inn 
that a shutdown would occur when NJ Transit began 
self-operation of rail service on January 1, 1983. 

The verification of letters of commitment re­
ceived from the lessors of the satellite parking 
lots did not present a problem. Dates and contract 
specifications were changed to meet the needs of the 
owners and NJ Transit. More than 500 private and NJ 
Transit buses were made available for the strike 
contingency effort by the evening before the strike. 
Directors of other transportation authorities were 
contacted to provide sufficient lead time to prepare 
for the strike. 

An emergency press conference was held on Sunday, 
February 28, 1983, to inform public officials and 
the media of the impending shutdown of rail service. 
~ommnnicating th" details of the rail strike con­
tingency plan to the public was a critical element 
of the implementation process. Printed material 
designed to inform elected officials, news media, 
unions, and commuters about the substitute bus 
service was issued on Monday. Substitute bus service 
brochures describing the available bus service with 
respect to frequency, cost, and destinations by rail 
corridor were distributed on trains and at rail 
stations and provided to the news media. Toll-free 
telephone information centers were added to handle 
the increased number of calls expected on Monday. 

In addition to communicating the details of the 
substitute bus services, NJ Transit informed the 
public of the unresolved labor issues that led to 
the strike. In addition, progress made in negotiat­
ing these labor agreements was continuously updated. 

Manpower needs to support the substitute bus 
operations required the performance of strike duty 
by NJ Transit management staff. On the Monday before 
the strike, employees were assigned to serve as 
ticket sellers, bus starters, and other functions to 
supplement experienced bus operations personnel. 

Bus Terminal Activities 

The anticipated problems of bus and passenger over­
crowding at the major urban center terminals were 
negligible during the strike. In New York City, PABT 
was able to adequately handle the increased bus 
arrivals and departures during the commuter peak 
periods, Additional NJ Transit personnel were as­
signed to facilitate the loading and departure of 
evening rush-hour buses. 

The terminals in Jersey City and Newark did not 
experience overcrowding on bus loading platforms, 
but congestion from additional passengers and auto­
mobile traffic resulted in bus delays and passenger 
confusion on the first day of the strike. In Newark, 
the joint action of local police and traffic person­
nel working with NJ Transit bus operations staff 
eliminated the traffic flow problems affecting 
commuter use of the terminal. 

The biggest single problem encountered at the 
urban terminals involved disseminating commuter 
information. Uncertainty in locating bus departure 
platforms within the terminals during the evening 
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rush hour presented the greatest source of incon­
venience to commuters. NJ Transit management person­
nel were assigned to direct commuters to buses, and 
...... _,,..""'..,..., .. ., r:,..l,....,e ... ,ara ...,,-,,C!~O~ ti:, di!'~~t v~~~'?!)IJ'?r°R 

~t·h-~;t~id;-~~d ~ith-in \-he--terminal buildings. 

satellite Lot Oper ation 

Although accommodation of substitute buses was 
handled without any serious disruption of normal 
operations, the satellite lots presented several 
problem& requiring adjui;tmentfi in npPrrtt.ing pn1 ic:y 
on the first day. After the second day, buses pro­
viding substitute service to lower Manhattan via 
Staten Island were rerouted to Journal Square, 
Jersey City. This change entailed the issuance of 
additional tickets for Jersey City and the redeploy­
ment of NJ Transit support personnel to handle the 
additional demand to this location. By the second 
day, these adjustments had been implemented. 

The lack of additional capacity for ticket sales 
at the urban terminals necessitated the institution 
of a pay-as-you-leave policy on the evening buses. 
Commuters boarded the buses at the urban terminal 
and either presented a ticket or paid cash at the 
outbound destination. At satellite locations served 
by charter bus services, sufficient staff were 
npnlnvPn to r.011 .. ct cash and record the ticket 
s~i~~·. - By the -end of the first week of the strike, 
the availability of tickets at the satellite lots 
(and on a limited basis at the urban terminals) 
eliminated the need for pay-as-you-leave ticket 
collection. 

Evening ticket sales were made available to 
commuters at the larger satellite lots. This con­
venience freed commuters from long morning ticket 
lines when they were rushing to get to work. 

contributions of Ot her Transportation Agencies 

A number of agencies responsible for operation of 
transportation facilities played a role in the 
implementation of the contingency plan. The coopera­
tion of these agencies was particularly critical 
toward ensuring minimal traffic delays for the 
substitute bus service. 

Although a decision was made not to implement 
additional bus priority lanes, both the New Jersey 
Turnpike Authority and New Jersey Highway Authority 
provided a daily monitoring of vehicles by tx9Pe and 
occupancy to determine whether emergency bus prior­
ity measures were warranted. These two authorities 
also dedicated staff to handle the increased traffic 
at satellite and regular bus park-and-ride lots 
operated on their property. 

PANYNJ provided monitoring staff and additional 
personnel to handle the increased commuter informa­
tion demands at PABT. The PATH rail system proved 
extremely cooperative by rearranging its service 
schedules to reflect the increased needs at NJ 
Transit's Newark Penn Station and Journal Square bus 
terminals. NYCTA provided additional subway trains 
to support anticipated increases in bus passengers 
making connections with the subway. Cooperation from 
these and other agencies allowed NJ Transit to 
quickly respond to unanticipated commuter problems 
that arose during the strike. 

Contingency Plan Performance 

Eighty percent of all rail commuters were forced to 
alter their daily work and commuter schedules as a 
result of the strike. Still, the vast majority 

;;;; 
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TABLE 2 Alternative Mode Use During Rail Strike 

Percentage of Ridership by Mode 

No. of Special Regular-
Rail Line Riders Park and Ride Route Bus 

Morris and Essex 8,926 55.61 9.20 
Boonton 3,707 13.46 29.20 
Main and Bergen 9,127 11.93 39.49 
Pascack Valley 4,247 4.13 61.66 
Montclair 586 9.60 25 ,96 
Northeast Corridor 11 ,189 21-00 23.92 
North Jersey Coast 12,117 32.00 24.99 
Raritan Valley ~ 18.98 36.07 

Total 55,094 25.40 28.78 

Bus with 
Automobile PATH 

7.56 11.l l 
24.41 17.10 
18.31 9.97 
15.34 3.91 
12.76 10.00 
12.39 4.48 
15.43 8.93 
20.62 9.30 

l 5.07 8.76 

Automobile 
with PATH 

13.68 
8.17 

20.11 
14.73 
10.04 

5.46 
13.27 
14.04 

12.69 

Amtrak 

0.38 

32.62 
5.36 
0.99 

7.96 

Other 

2.46 
7.66 
0.19 
0.24 

31.63 
0. 13 
0.02 

1.33 

Note: Data are from NJ Transit Rail Passenger Survey. Total number of users by mode was as follows: special park and ride, 13,996;regular-route bus, 15,955 ; 
automobile, 8,304; bus with PATH, 4,827; automobile with PATH, 6,992; Amtrak, 4,385; other, 735. Data are for a.m. peak period eastbound only. 

continued to use transit as the preferred mode of 
travel. Seven in 10 found alternative mass transit 
travel, whereas 30 percent either carpooled or drove 
alone. Within each rail corridor, the modal split 
varied directly with the type and quality of alter­
native transit service available. The automobile use 
rate varied from a low of 21 percent on the Morris 
and Essex line to a high of 38 percent along the 
Main-Bergen line, reflecting the superiority of 
special express bus park-and-ride service in the 
former corridor (6). In general as the availability 
of special bus park-and-ride service or alternative 
rail services declined, automobile use increased, 
The percentage of riders using each alternative mode 
during the strike is given in Table 2. 

CONCLUSIONS 

The efforts made by NJ Transit to anticipate and 
control the effects of the railroad strike were 
significant in helping to mitigate its negative 
impacts. The preparation and implementation of the 
contingency plan were highly successful for a number 
of reasons. First, the months of advance warning of 
the impending walkout gave NJ Transit ample time to 
formulate a workable contingency plan and to reach 
an adequate state of preparedness. Although UTU gave 
only 3 days' notice of their walkout, the plan was 
functioning smoothly within 2 days of its imple­
mentation, 

Second, there was a clear sense of priori ties 
regarding the type of strike response necessary, 
which was directly translated into a plan of action: 
the provision of a long-distance line-haul travel 
alternative for the 53,000 (peak-period) New York­
bound commuters. Thus, much of the focus for NJ 
Transit's contingency plan was already set. 

Third, favorable public opinion, political good 
will, and a high level of motivation among the NJ 
Transit staff all contributed to making the plan 
workable. Commuters and the general public supported 
efforts by management to reduce operating costs to 
prevent the continuation of the cycle of large fare 
increases that had been necessary during the pre­
vious 2 years. It was widely perceived that there 
was much room for achieving efficiencies through the 
renegotiation of the labor contracts. The governor 
was highly supportive of NJ Transit's efforts to 
renegotiate the labor contracts, as was much of the 
state legislature. Among the hundreds of nonunion NJ 
Transit employees who worked overtime to perform 
strike-related tasks there was a sense of mission 
and purpose. Diligent efforts to convey these fac­
tors through the media by NJ Transit staff were 
instrumental in maintaining a high level of support 
among the general public. 

Fourth, and perhaps most important, was the role 
that NJ Transit played. For although it was the 
transportation agency that was struck by a large 
segment of its own work force, NJ Transit was the 
predominant actor throughout the entire plan devel­
opment and implementation process. This represents a 
significant departure from the experience of many 
other metropolitan areas that have coped with tran­
sit service disruptions. In cases such as the 1980 
transit system shutdowns in New York and Boston, 
contingency plan preparation and coordination were 
the responsibilities of commissions or task forces 
appointed and directed by municipal governments. It 
appears that this distinction in roles has some 
significant implications for the connection between 
policy making and implementation in a crisis en­
vironment. 

The close proximity of professional staff and 
personnel resources represented significant advan­
tages for NJ Transit in its role as developer and 
coordinator of all facets of the contingency plan. 
Meetings to discuss various aspects of the plan 
could be a s sembled on s hort notic e . Similarly , the 
ability to ma ke operat i ona l ad j ustments after the 
plan had been put into effect was equally fast. 

Prior Experience 

New York City's Emergency Control Board (ECB) was an 
administrative body created by the major's office to 
coordinate responses to municipal crises such as the 
transit strike. The ECB did a reasonably good job of 
setting policy for and coordinating several agencies 
responsible for contingency plan implementation. 
Nevertheless, it was a time-consuming process to 
translate policy into action and to communicate 
adjustments in implementation to so many actors. 

In preparation for an impending transit shutdown 
in 1980, the city of Boston formed a transit emer­
gency task force similar in scope to New York's ECB 
to guide its contingency planning effort. However, 
Boston's contingency planning experience was charac­
terized as a highly politicized ad hoc multiagency 
effort with no established framework that identified 
specific roles. The lack of cooperation and coordi­
nation among the several municipalities that would 
have been affected contributed greatly to the non­
cohesive effort that characterized this experience. 
Boston never had to implement its plan. However, 
several of the analysts responsible for developing 
it felt that had it been put into effect, implement­
ing agencies and several municipalities would have 
taken unilateral actions that might have created a 
very confusing situation (~.). 

A comparison of these experiences with those of 
NJ Transit illustrates the importance of some of the 
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previously identified chara cte ristics necessary for 
a successful contingency planning effort. Among the 
most imoortant are establishing and maintaining a 
strong lead agency or commission and clear lines of 
authority and establishing and maintaining a high 
level of interorganization coordination and co­
operation. 

NJ Tr ansit's experience has also shown that mini­
mizing pol i tic i za t i o n of contingency p lan develop­
ment and imp leme ntation is highly desirable. (Admit­
ted l y, t his will be diff i cult to achieve in ma ny 
P.nv·I r nnmP.n ts .) Fur ther more, by mi nimizing the gap 
betwe en respons ibility f o r the po l icy setting a nd 
planning functions and impleme ntation, it is more 
likely that goals outlined within the plan will be 
achieved. 

Operational Conciusions 

Among the more noteworthy successes regarding plan 
i mpl eme ntation was t he successful u ti l .ization of 
p r i vate bus c arriers as an alterna t ive to rail 
service. Although this strategy was somewhat expen­
sive, their willingness to cooperate and ability to 
rapidly form a workable transit network proved 
crucial to the success of the contingency plan. 

The overwhelming preference of commuters for the 
most direct service possible (i.e., the fewest or 
most convenient connections) became readily apparent 
after the plan had been implemented. As shown by the 
rejection of service to the Staten Island Ferry, 
commuters tend to prefer routes that are perceived 
to be most direct, even if it means a longer trip. 
This tendency toward convenience was also displayed 
by commuters' preference for satellite parking in 
outl y i ng areas as opposed to taking advantage of 
special park-and-ride facilities that were deployed 
close to Manhattan. This was most apparent at the 
interim park-and-ride facility created at the 
Meadowlands Sports Complex, which is conveniently 
situated on the New Jersey Turnpike less than 5 
miles from Manhattan, Utilization of this facility 
was far below original estimates. 

Once it became apparent that the replacement bus 
services would achieve the goals set out in the 
contingency plan, there were many questions concern­
ing the nece ssity of suppor t ing the railroad, How­
ever, a number of fac t o rs i ndicate that the special 
bus system represented at best a temporary solution. 

The public was supportive of the substitute bus 
service for three reasons: provision of express 
trips, artificially low fares, and the desire to see 
~a;1 1ahnr ~na~Q ~nn~rn11~~ - ~he first two reasons--
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routing and fare levels--were quite costly (the rail 
cost per passenger is 20 percent less than the 
peak-period chartered service) and were implemented 
to help the rail riders cope with the crisis, 

The third reason--willingness to be temporarily 
inconvenienced for a just cause--was not an inex­
haustible resource, People were highly inconve­
nienced (80 percent had to leave home earlier, 
return home later, or both) and 30 percent were not 
served by substitute transit at all (6). The rail 
system is often superior in terms of se;vice quality 
(comfo rt, reliabi lity , accessibility), and it has 
more capacity to absorb projected growth in rider­
ship. 

Finally, the physical infrastructure of the 
region is not adequate to support an all-bus com­
muter system. The major bus terminals serving NJ 
Transit--PABT, Newark Penn Station, and Journal 
Square--are incapable of absorbing the necessary 
increases in bus traffic. Thus, it must be conc1uaea 
that this system could not have been a suitable 
replacement for rail service on a permanent basis. 
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A Methodology for Transit Station Impact Analysis 

JOHN H. PAGE, MICHAEL J. DEMETSKY, and LESTER A. HOEL 

ABSTRACT 

A methodology is developed for the identifi­
cation and evaluation of the impact of 
transit terminals on their environment. A 
catalog of transit station studies is pre­
sented that enables the user to initiate the 
evaluation process with the identification 
of critical impacts using a cross- and 
self-interactive matrix procedure. The 
impact that the station has on its environ­
ment as influenced by local land use pat­
terns is examined by using the cross-inter­
active matrix. The self-interactive matrix 
establishes the station design elements and 
identifies the most sensitive station design 
components. Where important impacts exist, 
strategies for preventing problems or manag­
ing the issues involved are developed in 
terms of altering the station design vari­
ables or site location or promoting changes 
in neighboring land use so as to provide an 
acceptable environment. 

The public's acceptance of new urban and intercity 
transportation systems is greatly influenced by the 
negative or positive environmental impacts created 
by ter minals. The transit station itself is a major 
physica l force within a commun ity a nd can serve to 
enhance a neighborhood by b ringing to it v itali ty 
and activity or to diminish the qua lity of life by 
adding c ongest i on, noise, and blight. 

Altho ug h t h e community as a whole usually bene ­
fits fr om a maj o r transpor tation p r o ject, t he g a i ns 
are o ften not realized at l ocations s urrounding t he 
stat i on b ecause o f disr uptions o f the s ocia l a nd 
environmental structure. In many cases residents of 
the neighborhood surrounding the transit station 
feel that they must bear all the negative impacts 
whereas the community receives all t he benefits. 
Such conflicts must be resolved and solutions should 
demonstrate a balance between neighborhood and 
community values. 

The purpose of this paper is to present a method­
ology for the evaluation of environmental impacts 
created by transit stations. The methodology recog­
nizes the vast and diverse literature in the realm 
of transportation impacts and organizes this in a 
fashion that is useful to the practitioner. A cata­
log of transit station impact studies that enables 
the user to learn the nature of specific impacts 
created by transit terminals is used. The interac­
t ions of the various elements of the site plan a re 
described to assist the planner in determining the 
c ause s of negative s ocial and e nvironmen t al i mpacts 
tha t must be dealt with i n t he desig n p r ocess. A 
hypot hetic al e xample is presented to demonstrate how 
the process is carried out. 

IMPACT ASSESSMENTS 

The first step in the impact assessment procedure is 
to identify the potential impacts of a transit 

station. These impacts are then incorporated into 
the alternatives analysis for the terminal design 
under study. Because an impact assessment must 
identify specific effects before the alternatives 
analysis, it is important that a disaggregated range 
of transit station impacts be used so that a de­
tailed impact classification system is produced. 

Impact Classification System 

The impact classification system described in this 
paper is fully documented in a recent report, Cata­
log of Transit station Impact Case Studies (.!). The 
catalog is a reference as well as a state-of-the-art 
review of the impact of public transportation termi­
nals on land use and community development. Pub­
lished documents are described and a general over­
view of each is furnished with a capsulized sampling 
of the f i nd i ngs. 

Fo r classi f ication p u rposes, a l ist o f i mpact 
keywords (Table 1) is given. These i mpact keyword s 
prov i de t he user with an entry point i nt o a refer­
ence catalog and a quick check of any descriptor in 
the catalog's overall classification framework. When 
a keyword is selected, the user is directed to the 
correct catalog topic area. If the user's keywords 
do not appear in the table, the list can be used to 
suggest similar or related descriptors. 

The topic index in Table 2 provides the framework 
for the indexing in the catalog. Each topic area is 
a collection of descriptor keywords from Table 1 
that are interrelated . Some impact descrip t ors are 
specific and are listed as individua l t opics , where­
as others are quite general and are associated with 
other impacts that can be grouped under a single 
topic. Eac h major t opic is listed in Table 2 with 
the descriptors associated with the topic and the 
number of references provided on the topic area. 

Ose o f t he Ca t alog 

The following example illustrates how a typical 
impact is referenced in the cat a l og. Consider the 
case of a user who desires information on the devel­
opment potential of sites ad j ace nt to a public 
trans portation terminal. The i mpact descriptor in 
this case is development potential, the associated 
keyword from Table 1 is d eve lopment opportun i ty 
(joint development) , and the t opic index in Table 2 
states that there are 17 references in the joint 
development section. 

A sample reference, shown in Figure 1, furnishes 
the report title and the source for that reference. 
A listing of the full address of the supplier of the 
reference is presented in the catalog appendix. The 
next item in the catalog listing is a general an­
notation of the entire reference, followed by a 
description of the methods used to collect or deter­
mine the information. Finally, the major findings 
are described as they apply to this topic. 

ILLUSTRATIVE EXAMPLE 

Descriptive Scenario of Station Site and Terminal 

Consider a transportation terminal that serves as a 
terminal and transfer point for commuter buses with 
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TABLE 1 Index of Keywords 

Accessibility 

Aesthetics 
Air Pollution 
Assessments (see Property Values) 
Attitudes 

(see Citizen Participation) 
Capital Cost (see Economic Impacts) 
Citizen Participation 
Commercial Development 
Community Cost (see Social Impacts) 
Congestion 
r.onatruction Impacts 
Crime 
Development Opportunity 

(see Joint Development) 
Disadvantaged Mobility 
Displacement Cost 

see Construction Impacts) 
Drainage (see Erosion) 
Dust (see Air Pollution) 
ll'l"nnn,n-j r Tm!' .'lf" t!'l. 

Educational Institutions 
(see Institutional Land Use) 

Employment 
Energy 
Environmental Impacts 
Erosion 
Fares (see User Costs) 
Financial Impacts 
Goal As sessment 
Housing (see Residential Land Use) 
Image (see Citi z en Participation) 
Infrastructure 
Tm,t1 tutional Land Use 
Joint Development 
Landscaping (see Aesthe tics) 
Level of Service 
Life-s tyle (see Social lmpact) 
Lighting ( s ee Aesthetics) 
Locat i on Theory 

(se e Terminal Locati on Data) 

TABLE 2 Topic Index 

* Accessibility (7) 

Modal Coordination 
N~i!hborhood Character 
Noise Pollution 
Operating Cost 
Open Space 

(see Institutional Land Use) 
Opinions 

(see Citizen Participation) 
Orientation (aee Aesthetics) 
Parking 
Parks (see Institutional Land Use) 
Passenger Volumes 
Pedestrian 
Population 
Property Values 
Psychological Effects 
Public Policy (see Infrastructure) 
Recreation (see Institutional Land Use) 
Relocation (see Construction Impacts) 
Residential Land Use 
Retail Sales (see Economic Impacts) 
Revenues (see Property Values) 
Safety 
Shopping ( see Commercial Development) 
Social Impacts 
Speculation 
Subsidy (see Economic Impacts) 
Taxes (see Property Values) 
Terminal Location Data 
Traffic/Terminal Area (see Congestion) 
Travel Impacts 
Trip Length (see Travel Impacts) 
Trip Reliability /Comfort/Convenience 

( s ee Level u[ s~Lvi.1.:~) 
User Characteristics 
User Cost 
Value Capture 
Vehicle Volumes (see Passenger Volumes) 
Water Pollution ( s ee Eros i on) 
Wildlife and Vegetation Impacts 
Zoning 

Aesthetics (7) landscaping, lighting, visual barriers, orientation, 
psychological effects. 

Air Pollution (7) dust 
Citizen P11rt1cipotion (6) attitudes, goals, images, opinions 
CollllDorclal D"v<>loyment ( 11) retail sales, shopping 
Congestion (6) traffic around station 
Con.struct_!on lmpacts (10) displacement cost, relocation, R-0-W 
Crime (3) 
i>Iiiacivantogcd Mobility (3) 
Economic lrapncts ( 20) budg(! ts, capital cos ts, capital programs, 

finan('iRl subsidies 
Employment (7) jobs 
f.n'ergy (8) power demllnds 
Environmental Im acts (16) 
Erosion 4) drainegc, hydrology, water pollution 
~r1p •f"nrp (17) nubli c oolicv 
lnstltucion.al 1.,nd u8e (6) ~ducation, public service, parks, 

recreational 
J uin t- D v,e.!.vpme:nt (17) development opportunity 
l.cve:J of Service (7) trip reliability and comfort and convenience 
Modal Coordlnntion (4) 
Neighborhood Charnc ter (5) cohesion/stability 
Nots" Pol).uc i on (5) 
Operat.fng Cost (8) mai ntenance, operating costs comparison 
Parking (C,) 
Pnusenge.r Volumes (8) user volumes~ vehicle volumes 
Pede e trl.An (5) 
Population (3 ) 
Property Values (l6) assessments, mortgages, rent, revenues, taxes 
Resld enti a l Lond Use (12) housing 
Safety (4) nc cidcnts 
Social Impac t s ( 14) community cost, neighborhood cost, life-sty le 
Specul n tion (4) 
Tcrminnl Location (11) location theory 
Trnvel T.1me (8) travel length 
User Chara c teristics (7) 
Us er Cost (6) fa re s . freight 
V..tuc Cnpcur (1,) 
Wildllfu/Vegelat!on Impa c t ~ (2) balanc e of nature 
Zoning (4) 

* ( ) ind ica t e s the number of referen c es i nc luded in the 
topic, 

.. .. -
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__ • Joint. De:ve).Qpmen t: Making t he Real Estate Transi t Connect_ion , 
The Urbnn I.and Institu t e, Washington, D. C. , 1979 . Avoilable : 
The Ur ban Land Ins t itu t e. 

The report presents the join t deve l opment concept for transit 
terminals. It is aimed at local officials, developers, and 
citizens fo r a view of how joint development c an be transla t ed 
into practical, successful projects. 

Mc t hodology 

1. Case studies in five areas are presented showing examples of 
major joint development projects. The sites a r e located i n 
Washington, Atlanta, and Baltimore. 

o Sites with appropriate zoning regulations and minimal institu­
tional interaction are most attractive to private developers. 

o Site locations that minimize construction prob l ems a n d 
maximize pedestrian flow and commercial potential are 
preferred by private developers. 

o The availability of unencumbered sites ready for immediate 
use by developers is preferable. 

o Station entrances should be available to sites with the 
greatest developmental potential. 

o The cost of the project is extremely important to the 
developer. 

FIGURE 1 Typical catalog listing. 

exclusive bus-lane privileges into the center city. 
The station is located at the fringe of a large 
metropolitan area of 500,000 population on a primary 
arterial adjacent to an Interstate freeway inter­
change. Because of its location at the fringe of the 
urbanized area, it does not serve local transit 
feeder lines and has no defined local service area. 

The characteristics that provide a general de­
scription of the preliminary station design are as 
follows: 

- Predominant mode: bus: 
- Station type: surface: 
- Transit line status: terminus: off-street 

siting: 
- Station s i ze: 2,000 passengers/day, peak demand: 
- Pedestrian accessibility: poor: 
- Automobile and bus accessibi lity: excellent: 
- Parking capac i ty: 500 spaces: and 
- Storage and maintenance facilities on site: 

none. 

The neighborhood land us e s immediately adjacent 
to the site are shown in Figure 2. A large plaza­
type shopping center is located with i n 0.25 mile of 
the transportation terminal site . Garden apar tments 
are within 0.50 mile of the site opposite the inter­
change. The vacant land to the rear of the terminal 
is zoned for c ommercial and light i ndustry and ad­
joins medium-density garden apartment residential and 
single-family residential housing developments within 
a mile of the site. A gravel operation now exists at 
the eastern periphery of the vacant parcel. Access to 
the parcel from the a_rte rial highway is available 
from a strip of land 300 ft wide immediately adja­
cent to the terminal site. 

Terminal and .Land Use I nter ac tion Matrix 

The matrix showing interactions between the station 
design characteristics and the existing neighborhood 
land uses is s hown in Figure 3. The specific i_mpact 
interactions indicated are derived from responses to 
the following question: Is there a perceived enhanc­
ing (positive, +), inhibitive (negative, -) , or 

independent (zero, blank) relationship between the 
design character i stic and the land use? After this 
impact matrix table is completed, attention is 
focused on those cells that exhibit an inhibitive 
(negative) relat i onship. The interacting pair s of 

e lements thus identify conflicts or issues that need 
to be addressed in the impact assessment. 

A review of the cells in Figure 3 reveals that 
t he proposed terminal is compatible with existing 
high-density housing , all exi sting transportation 
f acilities , a nd retail f acilities a nd would no t 
preclude development of existing vacant property. 
However, the terminal location or design may have a 
negative impact on single-family residential devel­
opment , educational facilities, and the gravel pit 
operat ion. 

The next step in the analysis focuses on deter­
mining the specific causes for the anticipated 
p ro blems. This is accompli shed by now asking why 
t his pair of elements is negative or what impact 
descriptors listed in Table 2 create the negative 
r elationship . The key question can be addressed by 
p rofessional planners , city officials , o r citizen 
groups. For this example , the perceived negative 
station and land use impacts as identified from the 
cells in Figure 3 and the impact keywords (Table 1) 
are collected in Table 3. At this point, the planner 
can use the Catalog of Transit Station Impact Case 
Studies (1) to determine the significance of each 
impact and to determine what, if any, strategies are 
available fo r attenuating these undesirable effects. 

Table 3 thus shows t he keywords for referencing 
the catalog that are desired for each of the cells 
in Figure 3. For example, the interaction between 
single-family residential development and the bus 
mode produces the following keywords : air pollution, 
noise , property values, and aesthetics. A review of 
all the impact descriptors in Table 3 indicates that 
the overriding negative impact of this terminal is 
saf ety in the l oca.l neighborhood . The keyword 
"safety" is listed 21 times . Followi ng safety , ac­
cessibility , c ongestion, no i se pol l ution, a nd park­
ing are mos t frequently listed . Accord i ngly , if the 
proposed station is to meet with local acceptance, 
the c ited impacts should be resolved. 
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____ POWER L INE _ ___ -

FIGURE 2 Transit station site example. 
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FIGURE 3 Terminal and land use interaction matrix. 
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TABLE 3 Summary of Potential Station and Land Use Issues 

Station Deaigu 
Characteriatice 

Predominant Mode: 
Bus 

Station Type: 
Surface 

Transit Line Status 

Station Size : 
2000 Passengers/Day 

Pedestrian Access: 
Poor 

Existing Land Use 

Single-Family 
Residential 

Educational Services 
(Elementary) 

Mining (Gravel Ext.) 

Nonconnnercial Forest 

Single-Family 
Residential 

Mining (Gravel Ext.) 

Noncommercial Forest 

Single-Family 
Residential 

Mining (Gravel Ext.) 

Noncommercial Forest 

Single-Family 
Residential 

Automobile Parking 

Educational Services 
(Elementary School) 

Garden Apts./Townhouses 

High-Rise Apartments 

;Motor Vehicle 

Highway/Street ROW 

Impact Keyword 

Air pollution; noise; property 
values; aesthetics 

Noise; safety 

Air pollution; noise; aesthetics 

Wildlife/vegetation; zoning 

Aesthetics; property values; noise 

Air pollution; aesthetics 

Aesthetics 

Aesthetics; air pollution; citizen 
participation; crime; noise; 
property values; safety; zoning 

Air pollution; aesthetics; noise 

Wildlife/vegetation; zoning 

Congestion; noise; neighborhood 
character; crime; safety 

Accessibility; congestion; neighbor­
hood character 

Safety 

Accessibility; congestion; modal 
coordination; parking; safety; 
travel time 

Accessibility; congestion; modal 
coordination; safety; disadvantaged 
mobility 

Accessibility; parking; congestion; 
safety; modal coordinatiOn 

Accessibility; safety; congestion; 
joint development; pedestrian 
needs 

Station Deeigp 
Characteristics 

Auto Accessibility: 
Excellent 

Parking Capacity: 
500 Vehicles 

Joint Development 
Potential: 

Existing Land Use 

Retail - General 
Merchandise 

Re tail - Food 

Retail - Apparel 

Impact Keyword 

Accessibility; commercial develop­
ment; parking; safety 

Accessibility; parking; safety 

Accessibility; parking; commercial 
development; safety 

Retail - Eating & Drinking Accessibility; parking; safety; 
user characteristics; commercial 
development 

Services - Finances 

Personal Services 

Business Services 

Educational Services 
(Elementary School) 

Educational Services 
(Elementary School) 

Educational Services 
(Elementary School 

Single-Family Residential 

Garden Apts./Townhouses 

Educational Services 
(Elementary School) 

Mining (Gravel Ext.) 

Noncommercial Forest 

Accessibility; safety; parking; 
commercial development 

Accessibility; parking; safety: 
commercial development 

Accessibility; parking; safety; 
commercial development 

Accessibility; safety 

Safety 

Safety 

Commercial development, congestion; 
crime; parking; property values; 
safety; zoning 

Commercial development; crime; 
parking; noise; air pollution; 
safety 

Safe~y; congestion; noise 

Air pollution; noise; aesthetics 

Wildlife/vegetation; neighborhood 
character 

a, 

"' 



--

90 

PREDOMINANT MODE: BUS 

STORAGE & MA!N'l'liNAN~i,;: NONE 

JOINT DEVELOPMENT POTENTIAL 

KEY: 
STRONG INTERACTION 

I::] LIGHT INTEP-ACTION 

SURFACE 

2 , 000 PASS. / DAY 

POOR 

EXCELLENT 

FIGURE 4 Terminal design interaction matrix. 
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interaction matrix as shown in Figure 4. This matrix 
identifies interactions among the design elements 
and must be prepared using thorough professional 
analys is techniques . For example, the matrix shown 
in Figur:e 4 indicates that if the a~:;j.iyu ~lemcnt io 
a line-haul bus mode, the noteworthy interactions 
include considerations in station type , transit line 
status, station size, automobile accessibility, and 
parking capacity. 

Terminal Design I nteraction Matrix 

The summary of station design characteristics in 
Figure 5 uses t hose design elements with strong int­
eractions identified in Figure 4 and explores why 
there is a strong interaction using the keyword 
impact descriptor a . ~·or exampl~, lu Figure 4 o otrong 
in teraction is indicated between the bus mode and the 
design of a ground-level terminal. The keyword list 
in the catalog indicates that this results from a 
community ' s concern about aesthetics, air pollution , 
congestion , noise pollution, and safety. As Figure S 
indicates hy the predominance of strong interaction, 
the major impact to oe consicie[ed win::u t u,;, s "" t m!n.:i l 
is being designed is forecasting the passenger vol ­
umes. Secondary impacts shown by Figure 5 are acces­
sibility, parking, and congestion. 

After the specif-le impacts have been established and 
remedies suggested via the catalog, it is necessary 
to determine where changes directed at lessening a 
sin91~ impact may in fact induce other impacts. Th is 
problem is addressed by developing a terminal design 

Station Design Development 

The synthesis of the results shown in the terminal 
and land use interacLiun matrix und the ~armin~1 

/ 

PREDOMINANT MODE: ftTATION TVPt:/ OFF·SIH / STATION /AllTOM081LE / 
BUS / SURFACE/ TERMINAL SIZE / ACCESSIBILITY/ 

lMPACT DC5CRIPTOR6 

/lCCt:S.SlbJllty • • • • • • 
Aesthetics • • • • • • • • • • 
Citl2en -Participation 

cammercial Oevelooment • Congestion • • • • • 
Con.nrucUOl'I • CrJme. • • • DIHdv.n••o•d Mobliltv 
Economic Impacts • • Emptoym1mt • 
Energy 

l---'E""ro.:;.:•:.cio:.cn'--- --- --l--+--+--+---t-• -t--t-~•--!f--l- -+--+--t--+-- -t--Ir--1- -1 
Jnau~tr•1al Land Us~ 

lnfr,1.s truc1urc 
Institutional Land Use 

Joint Development 

Level of Service 

Modal Coordination 

Neighborhood Chitr.c:ter 

Nc1~e. rollullon 

o~r.aUno Costs 

Pll!lrkfno 

Puaringtir Volumes 

Pedestrian Needs 

Populnlon 

PropC!rty Value 

Ruldentlnl Land Use 

Safuy 
Social tmt,41cts 

Specc.tlo.tlof'I 

Ttrmirual Location 

Travel Time, 

Value Capture 

WlldUh1N<tgaU11lon Impacts 

Zoninq 

• • 
• • • 

• • • 

-- • 
• 

• 
• 

• • • • • • • • • • • • ••• • • 
• 

• • 
• • • • • • • • 

• 
FIGURE 5 Summary of critical station design characteristics. 
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design interaction matrix provides a listing of the 
critical environmental and design factors. Once 
these factors have been identified, the catalog can 
be used to provide a starting point for tailoring 
the design to meet the local contingencies. In the 
previous example, results of the terminal and land 
use interaction matrix (Table 2) indicated that the 
sensitive environmental problems are safety, acces­
sibility, congestion, noise pollution, and parking. 
These issues can be incorporated into the alterna­
tive design evaluation process and should be care­
fully considered during the selection of alter­
natives. 

The terminal design interaction matrix (Figure 4) 
has identified via Figure 5 the most critical design 
factor, the volume of passengers using the facility, 
followed by parking accessibility and congestion. 
This information should alert the design team that a 
careful review of all the procedures used to esti­
mate demand is warranted, as well as a review of all 
those station design elements that affect accessi­
bility, parking, and reduction of congestion. 

The final station design should show an attempt 
to provide a safe environment, possibly using grade 
separation for automobiles, pedestrians, and buses. 
Various types of designs to reduce noise pollution 
should be considered, and the final design should 
provide ample parking and maximum access and egress. 

CONCLUSIONS 

The focus of this paper is on increasing the profes­
sional' s understanding of the complex terminal and 
land use interface issues. The problem components 
identified and defined are structured in a manner 
that can be expanded and adapted to varying circum­
stances, and the research strategy enables the 
generation of alternatives from which a suitable 
plan of action can be developed. 

Abridgment 

91 

By use of the two matrices, relationships among 
the station design and location variables and neigh­
borhood land use types are identified in terms of 
impact descriptors. Where important impacts exist, 
strategies for preventing or managing the issues 
involved can be developed in terms of either alter­
ing the station design variables and site location 
or promoting changes in neighboring land use so as 
to provide an acceptable environment. 

The uniqueness of this methodology lies in its 
ability to provide a flexible technique that is 
responsive to particular location needs, alterna­
tives, and constraints. This method is believed to 
be a substantial improvement over the use of predic­
tive models for assessing the impact of transit 
stations on neighboring land uses. 
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Designing for Passenger Information Needs in 
Subway Systems 

ROBERT BECK 

ABSTRACT 

What methods subway riders use to maintain 
their bearings in relation to the city 
above, how successful those methods are, and 
what qualities of the subway environment 
assist or confound the rider's way-finding 
endeavors were investigated in this study. 
Three design issues emerged that had an 
effect on the rider's ability to find his 
way: architectural differentiation of subway 
stations; signage location, message content, 
and redundancy; and perceptual access, or 

the ability of subway riders to see through 
or out of a station to known landmarks for 
the purpose of orientation. 

Information that facilitates efficient movement 
through transit facilities, whether provided by 
station architecture or by signs, is a crucial de­
sign factor affecting such issues as passenger secu­
rity, convenience, and the desire to use transit. 
The information aspect of station design can also 
have a major impact on capital and operating costs. 
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Yet the information needs of passengers in transit 
facilities may be incorrectly perceived by designers 
because of differences from other environments. 

Research has shown that when finding their way 
d1rough a ci 1:y, people will define t heir location in 
relation to the city's various physical features. 
Among these may be landmarks such as tall buildings, 
major intersections where many vehicular and pedes­
trian routes converge, or neighborhoods having 
distinctive identifying qualities (1). However, the 
subway rider is cut off from such surface features 
and must seek other sources of locational informa­
tion. In this study it was attempted to determine 
Wildt mt!thotls suuwdy 1 ltlers use Lo mainLaln Lheir 
bearings in relation to the city above, how success­
ful those methods are, and what qualities of the 
subway environment assist or confound the rider• s 
way-finding endeavors. 

ROLE OF ARCHITECTURAL DESIGN 

The location, configuration, and architectural 
design of stations are significant determinants of 
transit use because they are the access points or 
front door of the transit system. Clean, comfort­
able, attractive, and safe station facilities are 
naturally important, but the movement and orienta­
tion of passengers is a key design factor that may 
not receive adequate consideration. 

is unlikely that r i de rs will be able 
using a transit system and appreciate its architec­
tural features if they cannot easily navigate 
through it. "A pedestrian who is confused by in­
coherent space is not receptive to supplementary 
aesthetic visual inputs. When the main concern is 
orientation, aesthetic input is relegated to a lower 
level of receptivity" (2). Further, "poor visual 
design statements are particularly undesirable in 
transportation terminal environments, where pedes­
trians are likely to be anxious to meet train or 
plane schedules, and thus are more easily confused 
and disoriented" (2). 

Insufficient consideration of way-finding needs 
not only can make the transit rider uncomfortable, 
it can even be dangerous (}): 

The transit designer should facilitate 
the rapid, purposive movement of people 
through the station. Whenever the user must 
pause because he is confused, uncertain, or 
frustrated, he is a potential target for a 
criminal incident. The passenger needs 
control and predictability in the transit 
station. He should know, or be able to find 
out rapidlv. what to do to accomplish each 
activity. If not, passengers will be con­
fused, frustrated, and angry. 

With a single large illuminated sign costing 
several thousand dollars and the need for a great 
many of these signs, system signing can be a costly 
burden to a transit agency. Further, as station 
architecture fails in its ability to provide direc­
tional information, more signage will be needed in 
order to compensate for that failure. When there is 
inadequate passenger information, added personnel 
may become necessary to fill the gap. 

A basic function of public transportation is to 
provide rapid transit. Time spent lost, wandering 
around, and confused defeats this function. 

STUDY OBJECTIVES 

Through unobtrusive observation and behavior mapping 
of novice riders of the subway systems of the Metro­
politan Atlanta Rapid Transit Authority (MARTA), the 
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New York City Transit Authority (NYCTA), and the 
Washington Metropolitan Area Transit Authority 
(WMATA), definition of the qualities of the subway 
environment that are beneficial to the passenger• s 
way-tlnding and orlentatlon tasks was sought. 
Emphasis was placed on examining the potential of 
station architecture to inform and direct, as well 
as on studying the effectiveness of conventional 
signage and other information devices. 

DESIGN ISSUES 

During the course ot the study, three design issues 
emerged that had an effect on the way-finding be­
havior of subway riders. Each of these issues arose 
out of the actual physical design, features, and 
layout of a subway station. However, it was often 
the rider's perception of the physical reality, 
a ccurate or not, that influenced way find i ng. These 
three issues were as f o l lows: 

1. Architectural differentiation: lack of an 
architectural statement consistently indicating the 
different and often opposite destinations served by 
passageways, stairs, platforms, and other choice 
points: 

2. Desirable characteristics of signs: 
a. Directional association: the placement of 
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obviously associated with the pathway choice that 
the user must make, 

b. Message content: the need for directional 
information to be in a form and terms that are 
easily understood and useful, 

c. Redundancy: the need for the same infor­
mation to be presented several times along a 
route: and 
3. Perceptual access: the ability of subway 

station users to see through or out of the station 
to known landmarks or points on the movement pathway 
for the purpose ot judging their location, d i rec­
tion, and distance from their intended destination. 

Architectural Differentiation 

Many of the difficulties experienced by subjects in 
the study could be traced to the lack of an asym­
metrical architectural statement distinguishing 
between directional choices. Symmetry of a build­
ing's plan has generally been considered advanta­
geous to way finding by f a c ilitating the cognitive 
representation of a setting (4). However, having an 
overall cognitive representati~n of a station is not 
enough for successful navigation of a subway system. 
It is also necessary to be able to distinguish be­
tween the directional function of the station ' s i n­
dividual parts. The rider's goal is to locate the 
specific part of the station served by the train 
that will deliver him to his ultimate destination. 

The basic problem caused by the symmetrical 
mirror-image design of most subway stations is that 
it fails to acknowledge and alert the rider to the 
different and usually opposite directional nature of 
a station's two longitudinal halves. The manner in 
which this upsets the rider's ability to orient 
himself may be related to whether those riders are 
repeat users of the specific station, or system in 
general, or if they are complete novices. 

In the case of the former, the nature of the 
problem may be easier to define. If a consistent 
system of asynunetrical or other architectural cues 
exists in a subway system, it will alert riders to 
the need for a pathway choice and perhaps provide a 
basis for making that choice. 

• 
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The effect that symmetry has on the true novice 
is less obvious. Because such riders are experienc­
ing a system for the first time, they would have no 
recollection of system features or cues to draw on. 
Asymmetry in this case would simply alert riders 
that there are differences between destinations of 
different pathways. NYCTA and MARTA riders entering 
subway stations that are symmetrically laid out 
appear not to realize that stairways on opposite 
sides of the stations serve different directions, 
let alone which directions they serve, until they 
confront a sign or make an error. Station asymmetry 
or other forms of architectural differentiation 
could emphasize the axis dividing stairs and plat­
forms serving different destinations. 

Desirable Characteristics of Signs 

When station architecture fails in its ability to 
convey directional information, greater responsibil­
ity is placed on the signage system or other infor­
mation aids that must compensate for the architec­
tural failure. However, in many instances throughout 
the study, subjects sought assistance from signage 
and found no help or, worse, were misdirected due to 
the sign's location, its message, or the failure to 
provide further reinforcement through redundancy. 

Directional Association 

In some instances, a sign's effective meaning is a 
product not only of what its message says but also 
of where it is located. Several WMATA riders trans­
ferred to the wrong train platform by incorrectly 
assuming that the information on a sign referred to 
the escalator near which it was located whereas it 
actually was meant to direct riders to a dist&1t 
escalator. 

Message Content 

Another obvious deficiency of signage is that its 
message may not be understood or be useful. Much of 
the signage encountered during the course of this 
study did not take into account the user's occa­
sional tendency to not use all of the information 
presented in multiple-message signs (5). 

The WMATA escalator sign also exemplified the 
importance of anticipating this transit user trait. 
The sign displayed route information followed by 
directional instructions in the same type face and 
letter size. The riders noted only the route infor­
mation and disregarded the directional information, 
and so they proceeded up the wrong escalator. 

Redundancy 

It has been noted that because of the limitations of 
short-term memory and the ease with which recently 
acquired information can be forgotten, a certain 
amount of redundancy of information is necessary. 
This is especially true in anxiety-producing trans­
portation environments (~). This need for redundancy 
was evident in all three systems because riders 
sought information to reassure themselves almost 
continuously during their trips. 

'l' he desire for such redundancy may be due to the 
sheer number of choice points compacted into even an 
average subway station. The simple trip from con­
course to platform may involve knowing which stair 
to use, which platform side to wait by, which train 
to board on that side, and so on. The dynamic and 
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crowded nature of the station along with the need to 
save time only make the situation more complicated. 

Perceptual Acce s s 

The value of perceptual access is that it allows 
users to orient themselves within a structure in 
relation to the outside environment and its known 
landmarks. A useful quality for buildings in gen­
eral, perceptual access can be especially important 
for the user of a subway system. With both the 
stations and line segments effectively hidden from 
surface view , visual access to the outside from 
wi thin may well be the only way to get an idea of 
how the system relates to the city above. However, 
use of perceptual access for the purpose of subway 
system navigation must be tempered with care that 
the relationship between the rider's current station 
location and the observed landmark are functionally 
accurate in terms of the train network. 

MARTA riders entering a newly opened station 
through which they could see the downtown Atlanta 
skyline directly ahead had no trouble in choosing 
the correct train platform. Riders entering from a 
direction not providing a view of the skyline were 
far less successful in making their platform choice 
correctly . 

RECOMMENDED TRANSIT STATION DESIGN FEATURES 

Based on the study results, the following is a list 
of design recommendations for subway stations that 
would facilitate passenger way finding. 

Station Architecture 

1. Stations should be designed to architectur­
ally differentiate and distinguish the areas of a 
stat i on serving different directions. Although 
actual structural features may be difficult to work 
into the functional design, much can be done through 
the use of architectural finishes, most obviously 
the color coding of inbound and outbound platforms. 
Whatever the method of differentiation, it should be 
consistently applied along a line or entire system 
in order to offer riders a recognizable, consistent, 
and dependable cue. 

2. Where possible, train platforms and trackways 
should be visible from the concourse level in order 
to alert riders to the station's multiroute and 
multidestination nature as well as to provide an 
understanding of total station organization. 

3. Stations should be structurally opened up 
wherever possible in order to provide perceptual 
access to outside landmarks. If intended as a navi­
gation aid, the view to the landmark should relate 
functionally to the direction of trains from the 
station to the landmark. 

Signage 

1. Signs should be placed where they are clearly 
associated with their displayed destination in­
formation. 

2. Signage information should be designed to 
discourage partial reading and resultant misinter­
pretation. This may involve a hierarchy of typefaces 
or letter sizes or both and an ordering of verbal 
information that will make the sign's message ob­
viously incomplete unless the whole message is read. 

3. Route and path information should be rein­
forced and restated both architecturally and by 
signs at every choice point along that route or path. 
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4. In systems serving cities with many known 
landmarks, verbal directional information can be 
reinforced and complemented by images of those 
landmarks, providing a link to the city above. 
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Assessment of a High-Reliability Ticket Vendor 

Developed by PA TCO 

JACK E. CADIGAN and HOWARD B. WINKLER 

ABSTRACT 

A description and evaluation are given of a 
high-reliability ticket vendor (HRTV) devel­
oped by the Port Authority Transit Corpora­
tion (PATCO) of Pennsylvania and New Jersey. 
The ticket vendors are part of the automatic 
fare collection system used by PATCO in its 
rail operations, The HRTV evaluation has 
shown it to be superior in reliability and 
comparable in maintainability compared with 
other ticket vendors. 

The objective of this paper is to describe and 
evaluate a ticket vendor recently developed by the 
Port Authority Transit Corporation (PATCO) of Penn­
sylvania and New Jersey to enable managers of trans­
portation properties to assess the applicability of 
PATCO's vendor to their fare collection needs. 

PATCO is a relatively small transit system that 
provides rail service between downtown Philadelphia 
and suburban Lindenwold, New Jersey, a distance of 
14 miles with a total of 13 stations from end to 
end, for about 40,000 passengers per weekday and 
about 11 million passengers per year. The system, 
which began operation in 1969, is characterized by 
automatic train operation in which each train has a 
crew of one person and by automatic fare collection 
(AFC) in which the stations are unattended for long 

periods during each day. Ticket sales are made 
directly to the patrons by vending machines moni­
tored by closed-circuit television (CCTV) cameras; 
the turnstiles, which subtract rides from the 
tendered magnetically encoded tickets and capture 
exhausted tickets, are also monitored by CCTV. 
PATCO's experience has demonstrated that AFC is 
workable, but it was found that the station equip­
ment had high failure rates, which resulted in 
patron inconvenience and high maintenance costs. 
Following acquisition of new turnstile gates and 
some modifications, the gates now provide excellent 
service. Over the years there have been several 
programs to upgrade reliability of ticket vendors, 
but these programs have not achieved their design 
goals. 

In 1977 a decision was made to initiate an in­
house design of a high-reliability ticket vendor 
(HRTV). This effort was supported by an UMTA re­
search and development grant financed by Section 6 
funds. A prototype HRTV was developed and installed 
at the Lindenwold station on May 9, 1982. A fir1;1t 
look at the operation and performance of this new 
vendor is provided in this paper. 

HRTV DESCRIPTION 

PATCO's HRTV, shown in Figure 1, is an exact-value 
ticket-dispensing vending machine (no change given) 
that can issue as many as three tickets of different 
values. It has been designed to accept large fares 
for issue of a single ticket and can accommodate any 
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FIGURE 1 High-reliability ticket vendor (HRTV): operational configuration. 

combination of nickels, dimes, quarters, Susan B. 
Anthony dollar coins, and one-dollar bills that add 
up to the exact fare. (Fifty-cent pieces can also be 
accepted, but current policy prohibits acceptance of 
this coin,) 

HRTV design goals included (a) high reliability i 
( b) easy maintenance; (c) low equipment operations 
and maintenance costs; (d) greater use of electronic 
solid-state techniques and minimization of mechani­
cal operations; (e) allowance for continued use of 
existing magnetically encoded tickets i ( f) vending 
of recycled tickets, which may be slightly deformed 
and irregularly stacked; (g) use of presorted stacks 
of different ticket values; (h) design of subsystems 
to adjust to known problems of worn coins and bills 
and coin jams; (i) automatic issuance of tickets; 
(j) operation based on exact change (addition of a 

change maker, if desirable, is a minor retrofit) ; 
(k) operation in an outdoor environment; (1) no bill 
stacking; (m) no money counting in equipment; (n) 
acceptance of high-value escrow; (o) prevention and 
defeat of fraud; and (p) vandalproofing. 

Vendor design has utilized the availability of 
CCTV surveillance. If a stack is jammed or out of 
tickets, one of three lights located on top of the 
cabinet is turned on when the internal logic detects 
the fault; if one of the other vendor subsystems 
fails, all three lights and a beeper are turned on. 
Figure 2 shows the vendor in a removed-from-service 
mode. Appropriate maintenance action is requested by 
the person monitoring the CCTV. The CCTV is also 
used to monitor the external physical security of 
the vendor. Internal security is maintained via 
separate locked coin and bill vaults and electro­
mechanical counters that allow for determination of 
cash deposited and tickets sold. 

A ticket can be vended only if the exact amount 

of money is deposited. At any point during the 
transaction before the ticket selection button is 
pressed and after the correct amount of money has 
been deposited, the MONEY RETURN button can be 
pushed and all the money being held in escrow will 
be returned. Light-emitting diodes (LEDs) display 
the sum of money deposited following insertion of 
each coin and bill. Figure 3 is a flowchart that 
presents the HRTV operation. 

On the top left in Figure 3, the process of 
ticket purchase begins with START followed by 
DEPOSIT MONEY (words in capital letters refer to 
steps on the flowchart). The HRTV accepts dollar 
bills, Susan B. Anthony (SBA) dollar coins, quar­
ters, dimes, and nickels, The HRTV currently dis­
penses tickets valued at $1. 45 and $2. 90, and any 
combination of bills and coins that add up to these 
values can be deposited in any order; it is possible 
to use two one-dollar bills for the higher-pr iced 
ticket. When a bill is deposited, the vendor as­
sesses whether it is valid (VALID BILL?). If the 
bill is inserted into the bill slot with the incor­
rect orientation or has a value greater than one 
dollar or is badly worn or counterfeit, the bill 
will be rejected (REJECT BILL). Rejection takes 
place at the bill deposit slot, shown in Figure 1. 
If the bill is accepted, it goes into escrow within 
the vendor, and the amount deposited is displayed. 
Vendor logic determines whether each coin deposited 
is valid (VALID COIN?). If a one-cent coin or a slug 
is deposited, the VALID COIN? NO state exists and 
all coins and bills deposited will return from 
escrow. If a VALID COIN? YES state exists, the coin 
goes to escrow and the amount deposited is dis­
played. The next step in the sequence is TICKET 
BUTTON IS PUSHED. 

If it is determined by the vendor logic that the 
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THREE TICKET VENDOR STACK LIGHTS TURNED ON 

I I I 
i i , 

FIGURE 2 HRTV : removed-from-service configuration. 
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correct fare has not been paid, either an underpay­
ment or an overpayment has been made. If there has 
been an underpayment, the next step is START OVER? 
If the patron decides not to start over, he deter-

and the initial phase of DEPOSIT MONEY is repeated. 
If the patron decides to start over, he pushes the 
MONEY RETURN button, immediately after which the 
money is returned from escrow and the display re­
turns to zero. The patron must then repeat the 
process, beginning with DEPOSIT MONEY. If there has 
not been an underpayment, an overpayment has been 
made, and the patron must push MONEY RETURN and 
follow the liaqu~nca 1ihown in Fi'}un• 3, whir,h will 
lead to a return of all money and require the patron 
to start over with the phase DEPOSIT MONEY. 

If the correct fare has been deposited, the 
CORRECT FARE? YES branch is followed, and the START 
TICKET TRANSPORT process begins. A sensor determines 
whether the ticket advance has actuated the exit 
111.i\,;LUi:;wiL0h. If 
taken out of 
turned on. The 
MONEY RETURN, 
MONEY. 

:;tac k ic th-=: i:-espv11oc i.5 iiv, the 
service, and the stack 
patron must use another 
and repeat the process 

lights are 
stack, push 
at DEPOSIT 

The purpose of the exit microswitch is to ensure 
that if the ticket is not dispensed, the patron can 
get his money back. If the ticket advance has actu­
ated the exit microswi~ch, the next step is for the 
vendor to vault escrow and capture the money. An­
other sensor determines whether the vault mechanism 

- ------- -------Ji 

OISl'LAY RETURNS 
TO ZERO 

MONE:V RETURNED 
FROM ESCROW 

PUSH 
MONEY RETURN 

PATRON DETERMINES No 
AMOUNT i.---------<: 
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AMOUNT 
DEPOSITE D 

tS DISPLAYED 

OVER 
PAYMENT 

No 

START 
TICKET A 
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STACK TAKEN 1..-----------------------------
0UT-OF-SERVICE 

No 

FIGURE 3 HRTV operations flowchart. 
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FIGURE 4 HRTV subsystems attached to door. 

has worked. If not, the vendor is taken out of ser­
vice and all lights and a beeper turn on. If the 
vault mechanism has worked, the vendor initializes 
the equipment and turns off the display. The vendor 
then performs a self-test to determine whether the 
electronics has returned to the initial condition. 
If not, the vendor is taken out of service, and if 
yes, it is next determined whether the patron has 
taken a ticket. If the answer is no, the stack is 
taken out of service and if yes, the machine is 
ready for the next patron. 

There are 11 major HRTV subsystems, which include 
bill acceptor, bill escrow, bill vault, coin ac­
ceptor, coin escrow, coin vault, two ticket dis­
pensers, command/control logic, nine transaction/ 
ticket counters, power supply, and cabinet. Figure 4 
shows the subsystems attached to the door, and 
Figure 5 shows the subsystems attached to the frame. 
The Rowe model BA-5 is the dollar-bill acceptor; the 
bills, if accepted, fall onto a belt in the bill 
escrow subsystem designed by PATCO. If a ticket is 
issued, the belt moves so as to deposit the bills in 
the vault, and if the MONEY RETURN button is pushed, 
the belt moves so as to deposit the bills in the 
till where they can be retrieved by the patron. The 
coin acceptor and coin escrow subsystems were also 
designed by PATCO. If a coin is accepted, it is held 
in escrow until the decision is made to make a 
ticket selection, at which time the container hold­
ing the coins pivots to allow the coins to fall into 
the vault; if a slug or one-cent coin is deposited 
or the MONEY RETURN button is pushed, all the coins 
(and bills) will be returned through the till. The 

most innovative feature of the HRTV is PATCO' s de­
sign of the vendor picker unit, which on command 
pushes a ticket from the stack into the exit throat 
of the vendor where it can be extracted by the 
patron. In previous designs of power vendor units, 
the picker--a unit with small raised surfaces that 
pushes against the ticket--is fixed relative to the 

direction of the picker-arm stroke. It is necessary 
in this type of design that the relative dimensions 
between the picker surface and the ticket be held 
within a relatively small tolerance to ensure that 
only one ticket will be issued. The use of three 

FIGURE 5 HRTV subsystems attached to frame. 
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TABLE 1 Vendor Reliability and Repair Performance 

Equipment Failure 
No. Failures Trials Rate 

634A 48 35,626 0.001347 
X 7 19,074 0.000367 
C 104 39,544 0.002630 
D 55 33,186 0.001657 
E 93 39,408 0.002630 

aMean cycles between failures. 

bMean time to repair (in hours). 

gimballed joints in the HRTV allows for some rela­
tive motion between the picker surface and picker 
arm, and this greatly increases the acceptable 
tolerances in ticket shape and quality of stacking, 
which in turn improves reliability and reduces 
maintenance problems. Complementary metal oxide 
surface (CMOS) logic was used oy PAT(;O in ~he design 
of the HRTV' s command/control (C/C) subsystem. The 
C/C subsystem is distributed among five plug-in 
boards. An important design feature of the boards 
has been to locate in-line test points that normally 
read zero voltage along the outside edge i to trou­
ble-shoot the vendor, the leads of a voltmeter are 
run along the test points in search of the fault, a 
nonzero reading. 

HRTV PERFORMANCE 

Reliability and maintainability data were collected 
during a 5-month test period from June 9 through 
November 11, 1982, for the HRTV as well as for the 
four Advanced Data System ticket vendors located at 
the Lindenwold station. The HRTV reliability perfor­
mance over this period was estimated as 2,724.86 
mean cycles between failures (MCBF) , whereas the 
composite performance for the other four vendors was 
determined to be 492.55 MCBF. The performance as 
measured by MCBF and the mean time to repair (MTTR) 
during the 5-month test is shown in Table l. [The 
composite performance for eight IBM and nine Cubic 
Western vendors operated by the Bay Area Rapid 
Transit was found to be 140.80 MCBF (l) .] Signifi­
cance testing of the MCBF for the HRTV-and the four 
other vendors at Lindenwold indicated that there was 
only a 0.1 percent probability that the observed 
results could be due to chance. 

It was determined that the mean time to repair 
the HRTV is 0.3375 hr and that this time is compa­
rable with the repair time for the other vendors at 
T,inn<>nwold. Repair time is the time to trouble-shoot 
and replace vendor subsystems on site; it was not 
possible to include shop time because the HRTV is 
unique. Based on this evaluation, it appears that 
the field service repair time has not been improved. 
The HRTV has the same level of complexity as the 
other vendors and turnstiles being maintained by 
PATCO personnel, so there should be no requirement 
for additional personnel or equipment resources 
other than a short training program. 

Data were collected over a 3-day period to assess 
the service time of the vendors at Lindenwold sta­
tion; service time is the time from initiation of 
currency deposit by the patron until a ticket is 
dispensed. It was found that the HRTV is much slower 
than the other four vendors when about nine deposits 
or less are made to acquire a ticket. If nine depos­
its are made, the service time of the HRTV is compa-

MCBF8 a(MCBF) MTTRb a(MTTR) 

742.21 784.15 0.3265 0.1816 
2,724.86 1,874.74 0.3375 0.1867 

380.23 318.25 0.3333 0.1208 
603.38 602.21 0.3018 0.1094 
423.74 379.37 0.3375 0.1867 

rable with that of the other vendors, and for a 
greater number of deposits the HRTV is faster. 

CONCLUSIONS 

PATCO set out to design and manufacture a ticket 
vendor with improved reliability to meet the perfor­
mance needs of operation within unattended stations 
and maintainability to reduce the costs associated 
with vendor operation. Based on this test and eval­
uation, it has been demonstrated that the reliabil­
ity is significantly superior to that of the other 
vendors in the test group as well as superior to 
that of the vendors reported in the literature. 
Based on the test results, it was determined that 
the maintainability should be comparable with that 
of the other PATCO vendors and that no additional 
resources beyond those that exist at PATCO should be 
needed for performance of maintenance. 

Consideration should be given to (a) assessment 
of expected reduction in reliability of a mass-pro­
duced X-vendor in comparison with the prototype 
x-vendor, (b) addition of a money changer, (c) 
redesign to allow for large-scale production, (d) 
purchase of a sufficient number of vendors and spare 
parts to provide all-automatic ticket vending at one 
or more stations, and (e) development of an acquisi­
tion cost data base to permit scaling of vendor 
acquisition for orders of different sizes. The 
vendors would be used in a demonstration to acquire 
a vendor reliability and maintainability data base, 
an operating-cost data base, a passenger utilization 
data base, and service-time data to permit defini­
tion of the number of vendors and money changers 
needed to accommodate various rates of patron 
traffic. 
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