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ABSTRACT OF THE DISSERTATION

The Four Dimengons of Rall Transt Performance
How Adminigtration, Finance, Demographics, and Politics Affect Outcomes

by
Nicholas Shawvn Compin
Doctor of Philosophy in Urban and Regiond Planning
Universty of Cdifornia, Irvine, 1999

Professor Marlon G. Boarnet, Chair

The rebirth of rail trangt in the US over the past two decades has resulted in rail trangit's
re-emergence as an integra part of both the physical and economic landscapes of many US
cties Currently fifty-four separate rail trandit systems are operated in the US (see Appendix
A). Thisre-emergence of rail trangt in cities across the US raises an important question. How
does society determineif itsinvesment in rall trangt is having an impact? More importantly for
the current research: how is the impact of rail trangt measured across different geographic
regions and system types? Performance sandards are one way of determining if public
investments are reaching established goals. In this research the impact of variables representing
four dimengors of trangportation performance: adminidrative, financia, demographic, and
political isassessed. Multiple regression anadlysisis used to assess the impact of important
factors representing each of the four dimensions on the performance of al heavy and light rall
trangt systemsin the US.

This study addresses three important gaps in exigting research. Fird, this study is strictly
concerned with the performance of rail trangt systems; an area of research which is unique and,

due to the dearth of information in the past, absent from current literature. Second, existing
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research has not adequately addressed the impact of specific sources and types of government
subsidies on transt system performance. Sources of subsidies include federd, state, and local
funding, while typesinclude dedicated and generd revenue funding. Findly, exigting research
has yet to adequately address the impact of local politica relationships on transit system
performance.

Reaults indicate that a Sgnificant difference exists between the operation of heavy and
light rail trangt sysemsin the US. The main difference isthat adminigtrators of heavy rall
systemns seem to grive to achieve goals more closdly associated with standard performance
measures, while adminigtrators of light rail systems may target different goas that are not directly
associated with or reflected by existing performance measures. The results of this research are
extremdy useful, not only in terms of determining the impact of important varigbles on the
performance of rail trangt systems, but aso in helping to focus and redirect performance

research.
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INTRODUCTION

The rebirth of rail trangit in the US over the past two decades has resulted in rail trangit's
re-emergence as an integra part of both the physica and economic landscapes of many US
cties Currently fifty-four separate rail trandit systems are operated in the US (see Appendix
A). Every year hillions of dollars are spent by federd, ate, and loca governments on capita
and operating expenses associated with rail trangit. Cities and regions acrossthe US are
building new systems and expanding older systems in the hope of changing both travel and
development patterns. The re-emergence of rail trangit in cities across the US raisesan
important question. How does society determineif itsinvestment in rall trangt ishaving an
impact? More importantly for the current research how is the impact of rall transit measured
across different geographic regions and system types? Performance standards are one way of
determining if public investments are reaching established gods. In thisresearch the impact of
variables representing four dimensions of trangportation performance (adminigtretive, financid,
demographic, and political) is assessed. Multiple regresson anadysisis used to assessthe
impact of important factors representing each of the four dimensions on the performance of al
heavy and light rail trangt systemsin the US.

This study addresses three important gaps in existing research. Fird, this study is grictly
concerned with the performance of rall trangt systems, an area of research that is unique and,
due to the dearth of information in the past, absent from current literature.

Second, existing research has not adequately addressed the impact of specific sources and
types of government subsidies on transt system performance. Sources of subsidies include
federd, state, and locad funding, while types include dedicated and generd revenue funding.
Fndly, exigting research has yet to adequately address the impact of loca political relationships
on trangt system performance.

In order to provide astrong basis for analysis, Chapter | addresses the arguments, both

pro and con, surrounding the history of government participation in rail trangt finance in the US.
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Also presented in Chapter | are: agenerd history of government participation, the sources and
amounts of capita and operating funding available for mass trangit in the 1990s, and a
discussion of funding types; both dedicated and genera revenue.

Chapter 11 is devoted to areview of the literature, especidly studiesthat have
addressed the impact, gppropriateness and applicability of specific performance measures.
Performance measures chosen for inclusion in the current research, the reasons for their
incluson, and the ingght provided by each are dso discussed. Presented in the find section of
Chapter 11 isadiscussion of three important gaps in exigting literature that have become
apparent through the andysis of past research. These ggpsinclude a determination of the
impact of specific types and sources of government subsidies, the concentration of exigting
performance research on bus trangit operations, and the inclusion of data relating to loca
palitical relaionships and their impact on trangt system operating performance.

A new framework for the analyss of the nature of rail trangt system performanceis
developed in Chapter I11. Also included in Chapter 111 is adiscussion of the variables used to
represent each of the four dimensions of the new framework, with specific attention paid to an
explanation of how each affects performance. Findly, Chapter 11 contains a step-by-step
outline of how multiple regresson anadlysisis gpplied in this research, and an andysis of the
expected results.

Presented in Chapter 1V are results of regression andyses conducted using data from all
heavy and light rail trangt propertiesin the US, 1987 - 1995. Also included in Chapter 1V isa
discussion concerning whether or not the hypotheses stated in Chapter 111 were proved or
disproved. Thefina section of Chapter IV is devoted to a discussion of the macro-leve
understanding gained from the interpretation of regresson results, as-wel-as suggestions for

future research concerning the nature of and factors affecting rail trangit performance in the US.



CHAPTER/|

TheHistory of Government Participation in Mass Transportation

In order to understand the need for conducting research concerning the performance of
rall trangt systemsin the US, and the impact of specific variables on performance, it isfirst
necessary to frame the issue in such away asto gain afull understanding of the progression of
government involvement, especidly financid, in the provison of masstrangt. Presented in the
firdt section of this chapter, section A, is a conceptudization of the question of government
financing of mass trangportation in the US. This includes condderation of the nature of mass
transit as a public or private good, which gets at the heart of the issue. Theingight gained leads
to the consderation of public goas associated with mass trangportation and consideration of the
argumentsin support of and in opposition to government financing of mass trangt.

Section B provides aview of the historical progresson of government involvement in the
provison of rail trangt inthe US. Rather than aquick trangtion from private to public
ownership and operation, the process of shifting from private to public control of the USrail
trangt industry was dow and hard fought, taking decades to complete.

Sections C and D contain information concerning recent trendsin government financia
support of mass trangt in generd and, more specificdly, rail trangt. Thefoci of these sections
are the sources and types of government funding available to trangt systems for expenditure on
capital and operating cogts; including federd, state or local government; and dedicated or
generd revenue.

The find section of this chapter, section E, not only contains a summary of whet is
presented in this chapter, but an explanation of how past and present government involvement in
both the mass trangportation industry as awhole and, more specificdly, therail trangt industry
directs the current research to ask and provide insght into questions that heretofore have not
been addressed in existing research.



A. Conceptualizing the Government's Role in Public Transportation
1. Understanding the Goals for and Objectives of Public Transportation.
a Public Trangportation: Public Good or Publicly Provided Private Good?

Public goods have two characterigtics. Firdt, they are nonriva: the margina cost of
adding one additiona consumer is zero. Second, they are nonexcludable: it isimpossble or
impractica to exclude a consumer (one who has not paid for the good) from consuming the
good (Pindyck and Rubinfeld 1992). The most frequently given example of a pure public good
isnationa defense. Although the cost of providing nationa defense may vary according to
government policies, the cost of adding additional consumers (population increase) is zero. In
short, either a country provides nationa defense, or it does not and that fact does not vary
according to changesin population. Nationd defense is aso nonexcludable. Again, if a
consumer decides not to pay taxes, he or she will ill be protected againgt foreign invasion. To
exclude one person, without putting the consumers who paid for the service at risk, would be
impossible

Private goods, on the other hand, areriva: the cost of producing one additiona item, no
matter how smal is positive. Private goods are aso excludable; once a commodity is
purchased al other consumers are excluded from purchasing that item.

Established trangportation systems are often considered to have characteristics of both
public and private goods. Highways are examples of what are referred to as impure or
congestable public goods, goods that are nonriva when the number of consumersislow, but
riva when the number of consumers risesto a point where al who would want to consume the
good are unable to (congestion).

Congestion aside, transportation, a its most basic level isaprivate good. It istrue that
the cost of operating a public bus is the same whether it is full or empty, but the decison
concerning the type of travel offered (e.g. bus vs. train) or the size of the vehicle operated and

its service level includes a caculation of the codts related to carrying different numbers of



passengers. Public transportation is aso easily excludable, especidly when tolls or fares are
employed. Pricing of transportation results in the exclusion of potential consumers.
Concluding that public trangportation is a publicly provided private good is extremely
important in that it iswith thisin mind that one consders the goas for and objectives of public
trangportation. Goal's and objectives not only determine the form, and amount of financia
support for public trangportation, but ultimately determine whether public investment in mass
trangportation is desired and warranted. If public transportation is consdered to be a publicly
provided private good, then the cost of providing the service must be prominently featured in
any condderation of goals or objectives. If, on the other hand, public transportation is
consdered to be a public good, then supply and equity issues must figure most prominently in

decisions concerning goas and objectives.

b. Ever-Changing Goals and Objectives for Public Transportation in the US.

The question addressed in this section iswhat society hopes to accomplish by investing
in public trangportation. 1n order to achieve results, what isfirst necessary isaclear set of gods
and objectives. Unfortunately for the American public, clarity of goas and objectives has not
been the rule when it comes to public trangportation. An extremely convincing argument
explaining the lack of darity of vison in trangportation policy in the US has been put forth by
Altschuler (1979, p. 13-14).

"It is highly mideading to think of societies and governments as having gods.
And it is particularly mideading to think of the American socid and politica
systems, with their extreme plurdism, as having gods. It isfar more useful
to think of them as having an enormous number of values and a congtantly
shifting set of priorities among them.”
Asaresult, it isimportant to view past and current goas for and objectives of public
trangportation in the US as being etablished within a highly palitically charged and ever-
changing public arena.
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Godsfor and objectives of public trangportation in the US have been characterized as
being established in three digtinct eras (Cherwony and Ferreri 1981). The socid and political
attitudes existing in each era have determined the roles that subsidies, fares and level of service
(three of the most important factors) have played in trangportation decisions.

Thefirst era of masstrangportation in the US lasted until 1965. During thet time
transportation was essentially sdf-supporting (Fielding 1983). The private market determined
the god's and objectives for trangt which were based in market economics; either a system
redized a profit, or service was discontinued. By the late 1950s private transportation
providers could no longer compete with the private automobile which had been receiving
financia assistance since the early 1900sin the form of highway expenditures (Wachs 1989).
Asridership levels during the first era plummeted, fares increased, and service levelsand
farebox revenues decreased (Fielding 1983). This cycle continued until the mid-1960swhen
government assumed control of many private transportation companies. 1n 1961 (Housing Act)
federa assistance was made available in the form of loans and grants and in 1964 (UMTA Act)
capita grants were made available.

The second era of trangportation in the US lasted for gpproximately fifteen years, from
mid 1960s to the early 1980s. This erawitnessed a shift in the goals for and objectives of what
had become an dmost exclusively public trangportation system. Transportation was thought of
asaway to address many of society's socid ills, including: problems with the supply of ail
(energy), air pollution, traffic congestion, urban sprawl, and mobility requirements of the ederly
and disabled. Trangt's perceived ability to address such awide variety of urban problems,
coupled with its rdatively minor price tag, gained broad political support for transportation.
Increased politica interest resulted in federa operating assistance (UMTA Act 1974) and an
increase in federd spending for trangportation during the mid-1970s from $540 million to $5.2
billion (Pucher 1980). An important consideration is that the redistribution of transportation
funding, from the federd leve to date and loca trangit agencies, was based on paliticaly

determined criteria, in stark contrast to the economic, profit-based criteriain effect prior to the
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government takeover in the 1960s. Trangt was viewed as a politica tool, used by politiciansto
insure support from votersin areas targeted for service expansion (DeAless 1973; Meyer and
Gomez-1banez 1981; Ortner and Wachs 1979). Success for trangt was being measured in
terms of fare stabilization and compliance with federal government labor laws, vehicle
procurement and service to elderly and disabled populations (Fielding 1983).

Thethird era of trangportation in the US began when Ronad Reagan took officein
1981. Once again, the gods and objectives of trangt were primarily based on political ideology
asthe new administration set its Sghts on federd cost cuttting, including atota phasing out of
federa operating subsidiesfor trangt. A second primary god of the new adminigtration was to
return control and responsbility for government projects such as transportation to loca
government. Thiswas to be accomplished by offering federd assstance in the form of block
grants which state and local governments would then distribute according to their own criteria.

Today there are ill no overarching nationd goals or objectives for the public provision
of transportation inthe US. In the firgt era, the search for profit by private companies, coupled
with nearly tota government neglect, nearly ran mass trangt into the ground. During the second
era, public trangt was consdered a hear panacea for solving many of society's problems. With
federd funding came federa regulation and control and atenfold increase in the federa budget
for mass trangportation. In the third era, politica backlash againgt monumenta budget increases
and federal control of loca policy-making threstened once again to cripple mass trangportation.

The problem identified by Altschuler (1979) continues today as each politica erabrings
with it a shifting set of priorities and gods for trangt. Today the lack of gods for and objectives
of public trangportation is compounded as the god's and objectives set forth in eras past vie for
superiority over the others creeting an increasingly difficult and confusing atmosphere in which to
operate public trangportation systems. Possibly we have entered into yet afourth era of
transportation in the US where the godls of the first era— (cost efficiency), must be incorporated
with the god's of the second era— (public service), within the framework of the third era— (loca

control and respongibility).
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If the US has entered into a fourth era of trangportation and loca governments are to be
held responsible for the performance of rall trangt systems, then it is extremely important to
determine exactly what goasrall trangt must meet and, possibly more important, who has
established the goals to be met and why. Presented in the following section of this paper are the
magor arguments and counterpoints both in support of and opposition to mass trangportation on
the whole and, more specificaly, publicly provided mass trangportation. This section further
assigsin providing an outline of palitica viewpoints that shape the discussion of rail trangt

performance.

2. Argumentsin Support of Mass Trangt Subsidies

Support for public assistance in mass trangportation has been expressed through two
major avenues, economic and socid, with each containing amyriad of permutetions. Claims
associated with each type of argument and evidence from research are presented in the

following sections.

Economic

The most fundamenta economic arguments in support of mass trangt are those
concerning scale economies. Economies of scale arise whenever the cost of production less
than doubles when output is doubled (Pindyck and Rubinfeld 1992). For mass trangt this
means that the cost per extra unit of output (e.g. cost per passenger mile) declines as service
volumeincreases. Expanding a system to take advantage of scale economies, while efficiently
pricing services a margina cog, results in deficit spending, thus subsidies are necessary for
public trangt to take advantage of returnsto scale (Meyer, Kain and Wohl 1965).

A second important economic argument in support of public mass trangt employs the

concept of utility maximization. Utility isthe leve of satisfaction that a person or group gets
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from consuming a good or undertaking an activity (Pindyck and Rubinfeld 1992), and utility
maximization is the highest satisfaction a person or group can get. In trangportation the most
commonly referred to areafor utility maximization isin the use of exiging infrastructure.
Supporters often associate mass trangportation with enabling the mogt efficient use of spacein
an urban area. That is, there are fewer resulting negative externdities in an urban areawhen
growth is compact and transportation needs are met by mass transportation. In thisway urban
sprawl, which is often viewed as a negetive externdity and as leading to the inefficient use of

exiging infrastructure and services, can be avoided.

Economic - Counter Point

Economies of scae depend on declining margina cogt; that is, as scae increases cost
per additiona unit of output must decrease. Actualy, nearly the exact opposite has been
viewed with respect to the relationship between system size and the margina costs of providing
public transportation. For example, Lave (1991), in astudy of the productivity of 62 trangit
firms from 1950- 1985, found that the average cost per bus hour increased with firm size. This
means that larger firms actualy incur greater costs as aresult of their being large, whichalso
indicates that diseconomies of scale are present. Severa hypotheses have been proposed to
help explain this phenomenon (Cervero 1983; Lave 1991). Hypotheses are primarily centered
on the idea that large systems dso have large workers unions. Inaddition, large citiestend to
be older and more dense, thus mass transit's mode share is greater and atransit worker strike
has a greater impact. Asaresult of the vulnerability of large trangt systemsto worker strikes,
labor negotiations in large cities tend to favor the unions more than in smaler cities. This causes
the costs associated with providing public trangportation in large cities to increase at a greater

rate than operations costs in smaller cities.

Socia
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Over the years socid judtifications for public trangportation have taken many forms.
Above dl, public trangt has been put forth as away of addressng many of society'sills. The
argument isthat if society can "interndize’ trangt's externd benefits, or the effects of production
and consumption activities not directly reflected in the market (Pindyck and Rubinfeld 1992),
then an investment in public trangportation results in much more than improved transportation.
Public trangt has not only been seen as part of the solution to increasing the mobility of the
disabled, the poor, the young, and the aged (Saltzman 1979), but also as away for society to
clean-up the environment primarily by reducing air pollution (Cervero 1989). Along theselines,
one main way to reduce air pollution is to reduce the total number of vehicle milestraveled
(VMT) by auto. One concept that has been presented to accomplish the goa of reduced VMT
isto locate jobs and housing within the same community, thereby increasing the ratio of jobsto
housing or, what is commonly known as, the jobs-housing baance (Levine 1996; Giuliano
1991, Cervero 1989). Findly, public trangit is often presented as a means of influencing land
use by concentrating development near highway interchanges and corridors and neer rail lines
and gations. It is hypothesized that by concentrating on increasing the density of urban land use
the nationwide trend of urban decay can be reversed and investment encouraged in inner-city
areas (Calthorpe 1993).

Socid - Counter Point

Few would argue with trangit's ability to increase mobility for the disabled, poor, young,
and dderly, but on the other three points research has shown public trangportation as having
little impact.

With respect to air quaity improvements and energy savings associated with public
trangt systems, trangit's mode share is too small to have much of an impact. In 1990, the
nationa average of trangt's mode share for journey to work was 5.1% (Federal Highway
Adminigtration 1992) and was closer to 3% for dl trips. Research on the air quaity impacts of

public trangportation has concluded that technologica solutions for auto emissons have a
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greater impact on air qudity than measures amed a reducing vehicle miles traveled to increase
trangt's mode split (Bae 1993).

With respect to the impact of transportation on land use, the genera conclusion of
research is that trangportation improvements in established urban areas have little impact on
local land use (Boarnet and Compin 1999; Giuliano and Smal 1993; Giuliano 1989; Knight and
Trygg 1977). Trangportation may serve as avehicle for public investment in areas served by
trangt, but it isthe promise of reductionsin development-related costs that entice developers,

not the existence of trangt.

Other Arguments
Countervailing Subsidy

Supporters of public trangt often cite uneven didtribution of government subsdiesasa
judtification for public trangt's inability to compete with the private auitomobile. The gist of the
argument is that the government heavily subsidizes automobile through the congtruction and
mai ntenance of roadways and the maintenance of low fuel prices. Auto users are not required
to pay the full cost related to driving such asincreased air pollution and roadway congestion.
The argument continues that if public trangt were subsidized at the same level as automobiles,
public transt would become more attractive to potentid riders and be able to compete with the
auto for passengers (Pucher 1990; Vickrey 1973).

Countervailing Subsidy - Counter Point

Few would argue that automobile users pay the full costs associated with operating a
vehicle. The cods of operating an automobile are much greeter than what drivers actudly pay,
primarily due to government investment in roadways and socid cogts of driving which
automobile users do not directly pay (Meyer, Kain, and Wohl 1965; Bly, Webster, and Pounds
1980). The problem with the countervailing subsidy argument is that raising the subsidies

offered to public trandt is not the most direct way to address theissue. Many argue that the



way to rectify the Stuation is to increase the cost of auto usage (Vickrey 1980; Downs 1992).
Rather than having society pay for inefficiencies in both forms of transportation, the costs of
those inefficiencies would be borne by the individud users. From a purely economic standpoint
user fees are preferable. From asocid welfare standpoint the preferable option isto apply
scarce public resources toward solving other societal problems instead of compounding

inefficiencies in trangportation (Meyer, Kain, and Wohl 1965, pg. 349).

Infant Industry

The main impetus for the 1964 UMTA capita subsidy program for mass trangt was
that after years of neglect, mass trangt in the USwasin need of afinancid "inoculation” to hep
it gain strength to counteract decreasing ridership and service levels (Lave 1994). Under the
program, aone-time injection of public funds would be used by mass trangt to help it become
more competitive with other forms of transportation, primarily the automobile. Extended service

levels and new vehicles would alow mass trangit to become more attractive to potentia riders.

Infant Industry - Counterpoint

The best evidence againg this argument is the history of government funding of mass
trangt in the US. The "one-shot injection” soon became an intravenous lifeline as operating
subsidies were made available to public trangt in 1975 and have continued to increase to the
present day. All the while trangit's mode share has declined or remained rdatively congtant
(Altschuler, Womack, and Pucher 1979).

Option (Alterndtive) Vaue

Supporters of public trangit argue that public transportation is necessary in that it can
serve as a trangportation option in cases of personal necessity or natural disaster (Y oshpe
1961). Anexample of persond necessity might be atemporary, unforeseen need such asa

medica condition that prevents a person from driving as they normally would. The 1994
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Northridge earthquake is a prime example of aregiond emergency caused by anatura disaster.
The earthquake damaged four mgjor freewaysin the Los Angeles area and thousands of
commuters were cut off from their jobs. Although the most serious delays were taken care of
within a month after the quake (Caltrans 1994) public trangt, especidly the Metrolink which
carries passengers from outlying cities to downtown Los Angeles, was available to carry alarge

portion of the city's workers who had no other way to reach downtown Los Angeles.

Option (Alternative) Vaue - Counterpoint

Natura disasters occur every year in the United States. Whether it is earthquakesin the
West, blizzardsin the Midwest or Northeadt, or hurricanesin the Southeast, hundreds of
millions of dollars are lost when cities and their transportation systems are damaged. During
such times, the availability of mass transportation plays an important role in the rapid recovery of
affected regions, especidly when it comesto getting workers back to their jobs. Fortunatdly,
temporary conditions such as natura disasters, dthough serious, are usudly short-lived (Giuliano
1996) and are not a judtification for long-term public investment in expensve trangportation

systems.

Income Redistribution

Onefind argument in support of public trangportation subsdiesisin their redigtributive
qualities. The concept is based on the argument that Ssmple, or flat fare Sructures, are
inequitable as inner-city riders, mostly poor, pay more per mile of service than suburban riders,
mostly middie-class. Thusincreasesin average fares would hurt those riders most who could

afford it least (Government Accounting Office 1981).

Income Reditribution - Counter
The main disagreement with the argument that trandt subsidies are aform of income

redistribution is that transportation subsidies must be spent on trangportation. Thisimplies that
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the trandfer isfor a purpose which society finds compelling, but is unknown to the transit user
(Kolsen and Docwra 1977, p. 11-12). Again, if such subgdies are to serve as equity
ingruments, gpplying them directly to the inequadity rather than a secondary target would result

in amore beneficid impact on income redigribution.

3. Arguments in Opposition to Trangportation Subsidies
One of the most important arguments againgt subsidies in terms of the current research
isthat subsdies remove incentives for trandt planners and managersto act in an efficient
manner. Past research has shown thet if alarge amount of capitd funding is available
transportation planners often have an incentive to overestimate ridership and underestimate
costs of potential systems (Kain 1990; Pickrell 1992). Research has dso shown that a steady
stream of operating funding often results in decreasing system productivity and increased costs
(Anderson 1983; Lave 1991; Pucher, Markstadt, and Hirshman 1983).
In addition to the counters to argumentsin support of trangt subsidies that were
covered in the previous section arguments in oppogtion to trangt subsidies include:
* Subgdiesinhibit free-market competition and elther force private firms out of
the market or prohibit their entry into the trandt market. Market inefficiencies
result in which trangt costs are higher than they would be in a free market.
* Subgdies create a dependency on outside funding sources that are subject to
withdrawa. A mgor shift in funding policies can cause chaos a the locdl level.
* Subgdies undermine revenue income (farebox return rate) asthey are applied
toward fare reduction even as operating cogts continue to escaate.
* Subsidies result in excessive service expanson (generdly in terms of route
miles) into low-density suburban areas. Thisresultsin syssemsthat operate far
below capacity and increases in operating costs per passenger
(Pucher 1995; Wachs 1989).



4. Discussng the Arguments

Of the arguments presented in support of public trangt subsidies, those based in
economics are the easiest to counter, while socid arguments are the most difficult to counter.
The reason for thisis that the economic impacts of transit subsidies on trangt system operations
are more eadly quantifiable and measured. Socia impacts are far more difficult to quantify and
even more difficult is the task of measuring direct impacts on society given the vast number of

potentialy sgnificant variables that are outsde the influence of trangportation.

B. TheHistorical Role of Government Participation in Rail Transt Finance

The economic and socia arguments presented in the previous section assgt in framing
the question of public involvement in the operation of rail trandgt sysemsinthe US. These
arguments, both pro and con, have not only helped to inform the public about rail trangt, they
have a so helped shape public policy. Presented in this section isthe history of federd
government involvement in the public provison of rall trangportation inthe US. From its earliest
beginnings federa financid policy, which has been and continues to be shaped by economic and
socid arguments, has been the driving force behind the congtruction and expansion of rail trangit

systems.

1. Beforethe 1960s

The federa government's role in the provision of rail trangt has changed dramatically
over the past 100 years. It wasthe federd government, which in the late 1800s spurred the
congtruction of railroad lines across the Western portion of the US. The transcontinental
railroads were heavily supported by the federal government and were used as away to hasten
the settlement of the Western United States. In this way, through widespread settlement, the
federad government insured that the lands in the West would remain part of the United States, in

effect protecting previoudy established borders. Once the system of rail lineswerein place and



the settlement of the West was well underway, the federa government in effect stepped out of
the picture. They did not assst, and were not involved in the congtruction, financing or
regulation of loca interurban rall linesthet criss-crossed many citesin the USin the 1920s. In
fact, two of the only steps that the federal government took in relation to rail transit between the
late 1800s and the early 1960s actudly asssted in the demise of rail trangt in many regions
throughout the US.

The Holding Company Act of 1935 and The Federd Transportation Act of 1958

Firg, the Holding Company Act of 1935 was passed as an attempt to break-up the
monopolies of power companiesin the US. This Act forced power companies to begn to
divest themselves of ther trangt subsdiaries (Smerk 1991, p. 43). Without the financia
support of such large companies, the interurban railways continued to weaken. Second, the
Federd Transportation Act of 1958 was an attempt at strengthening exidting rail trangit
companies by escalating the process of discontinuing unprofitable routes. Prior to the Act of
1958, arail company either had to go through a process that could take many yearsto
discontinue service on aparticular route or abandon an entire line if they wished act quickly.
"The 1958 Act was the first mgjor step in moving railroads away from passenger service'
(Smerk 1991, p. 60). ThisFedera Act, combined with the financia weakness of urban rail
trangt findly resulted in the abandonment of nearly al of the commuter rail linesin the US.

2. A Changing Federd Role - The 1960s

The presidentia eection of 1960 was the first step toward government involvement in
urban rall trangt inthe US. "Firgt, under Presidents Kennedy and Johnson, there was an
increased attention to urban problems’ (Salzman 1992, p. 40). As| have mentioned before, the
leadership of the US before the 1960’ s concentrated on what they were most familiar with rura
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policies. The Kennedy administration began considering the problems of urban areas, of which
trangportation was an integra factor.

The Federd Housing Act of 1961

The Federa Housing Act of 1961, signed on June 28, 1961, addressed the problem of
urban mobility by including three provisons specificaly aimed a financing urban rail trangt.
Firg, the Act authorized $25 million for rail transit demongtration projects. Second, asa
provison for planning grants, the Act required that mass trangt planning be included as an
integra part of comprehensive urban planning. Findly, the Act authorized $50 million in loans
for capitd improvement for rall trangt from the Housing and Home Finance Agency.

Of the three provisions, the one with the grestest effect on establishing anationd rail
trangt program wasthe first (Smerk 1991, p. 81). Through a smdl number of demonstration
projects (e.g., Philadelphia, PA) it was shown that if improved, rail trangt could attract riders.
One mgjor precedent that was established by the Act was that no funds were to be given
directly to private companies (which owned 95% of theral trangt lines before 1964) but would
be channdled through state or loca governments or other government agencies. Thusrall trangit
gained afoothold in federa governmentd palicy.

The Federd Highway Act of 1962 and the Urban Mass Transportation Act of 1964

The Federal Highway Act of 1962, which became effective on July 1, 1965, "wasthe
fird piece of federa legidation to mandate urban transportation planning as a condition for
receiving federa fundsin urbanized areas’ (Weiner 1992, p. 46). Under the Act, transportation
funding would not be appropriated to urban areas of 50,000 or more, unless proposed
expenditures were based on comprehensive and continuing planning efforts. The Act dso

required the consideration of aternatives to highway expansion, of which rail trangt was

principa.



The Urban Mass Transportation Act of 1964, signed on July 9, 1964 by President
Lyndon Johnson, continued both the demondtration and low-interest rate loan programs begun
under the Housing Act of 1961 and strengthened the requirement of an in-depth planning
process contained in the Federal Highway Act of 1962.

The 1964 Act provided for federd grants of two-thirds of net project costs (gross costs
minus operating revenues) associated with congtruction, reconstruction or acquisition of mass
transportation facilities and equipment. Additionally, the Act required that in areas where a
comprehensive planning process was incomplete, only 50% of total funding would be released
(Urban Mass Transportation Adminisiration 1964).

Thus both Acts not only strengthened rail trangit's position in federa trangportation
policymaking, but insured long-term, continuing ad for rail trangt in the US.

The UMTA and the Newly Created DOT 1966 - 1970

On April 1, 1967 the Department of Trangportation became a cabinet-level agency, but
the Urban Mass Transportation Administration (UMTA) was sill under the Department of
Housing and Urban Development, which in effect prohibited it from gaining accessto thered
cash cow, the Nationd Highway Trust Fund. Fortunately for trangit, in early 1968, and without
fanfare, President Johnson proposed switching the UMTA from HUD to DOT and by late
1968 the process was completed.

From 1968 until 1970 the federd trandt program dowed to a crawl as officials moved
from one department to another. The chaotic organization of the departments and their officids
was as0 in response to an uncertain future and an impending change of presdentia
adminigtrations (Smerk 1991, p. 106).

3. The Growth Yearsof Mass Trangt - The 1970s
The early 1970s witnessed an occurrence that made the trangportation industry hold its
collective breath, a republican was eected president for the first time in nearly 10 years, but
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Richard Nixon was not what trangt supporters had expected. During the first three fiscd years
of the Nixon Administration, mass transportation was to receive nearly seven times more

funding per year than it had received per year in the mid to late 1960s.

The Urban Mass Transportation Assistance Act of 1970 and the Highway Act of 1973

"Even though the Nixon and Ford adminigtrations de-emphasized the urban programs of
the previous adminigtrations, they gtill embraced transit problems in an attempt to accommodate
al perspectives on the urban problem” (Saltzman 1992, p. 40). The passage of the Urban
Mass Trangportation Assistance Act of 1970 on October 15, 1970, demonstrated Nixon's
dedication to mass trangit as the Act alocated $3.1 billion in capita grantsto urban mass
transportation over the next three fiscal years, until July 1, 1974.

During the years of 1971 and 1972, the mass transportation industry launched an
intense lobbying effort in order to reach two gods. Firg, they wanted federal aid for operating
expenses. This god was vehemently opposed by President Nixon primarily because one of the
main beneficiaries of such funding would be the organized labor groups of the transit industry
who were not Nixon supporters (Smerk 1991, p. 117). Thus provisions for operating expenses
were not included in the Highway Act of 1973.

Second, the transportation industry and its supporters wanted to gain access to the
Highway Trust Fund, which it did on August 13, 1973, when the Highway Act was signed into
law. The Act not only provided an increase of $3 billion in contract authority for mass
transportation purposes for fiscal years 1974-1976, it authorized an additional $985,500,000
from the Department of Transportation (i.e. the Highway Trust Fund) to be used for mass
trangportation. Thusthe trangt industry gained access to a continua and seemingly limitless

source of funding.



The National Mass Trangportation Assistance Act of 1974

The Act of 1974, which was signed into law by President Gerald Ford on November
26, 1974, had a profound effect on the provision of mass transportation in several mgjor aress.
The Act amended the Urban Mass Trangportation Act of 1964 in three mgjor aress. Fird, the
1974 Act provide a substantid increasein funding - atotd of $11.8 billion over six years.
Second, the Act required the participation of state and loca government in the distribution of
federd trangt funding. Third, and most important, the Act alowed federd funding to be spent
for trangt system operating costs for cities with a population over 50,000 (NMTA 1974).

The provisons of the 1974 Act are much more complicated than is presented here.
Sufficeit to say the Act was extremely beneficia for mass trangit, especidly with respect to
providing local systems federd funds for certain operating purposes.

The Surface Transportation Assstance Act of 1978

The years of the Carter adminigtration were difficult for the trangt industry. The mgjor
culprit was the uncertainty of the Carter administration with the finer points associated with the
operation of government programs. The Carter administration was not prepared to adequately
address the mgjor changes taking place in urbanized growth and mass transportation across the
country and thus was unable to build upon the long-term vison of the Nixon adminigtration
(Smerk 1991, p. 163). Although the process of creeting trangt legidation and then getting it
passed by Congress was long and often times confusing, the Surface Transportation Act of
1978 ultimately contained more funding for mass trangportation than had previoudy been
authorized. The trangit portion of the joint highway transit bill totaed $15.16 billion divided
over thefiscal years 1979-1983. The Act made severa basic changesin the mass
trangportation program including the provision of funding for rail trangt operations, operating aid
for mass trangportation systems in nort urbanized areas and a requirement that a public hearing

be held prior to implementation of genera fare increases or mgjor service changes by atrangit
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operating agency. The Act dso required consderation of environmenta and economic impacts

of any sarvice changes.

4. A Holding Pettern for Trangit - The Decade of the 1980s

In the 1970s the process of transferring control of the mass trangit industry from private
to public sector was dl but completed. With nearly dl of its mgjor goals met in the 1970s, the
trangit industry was able concentrate on just one mgor god in the 80s: increased funding. That
would be much easier said than done for in 1981 the new presidentid administration of Ronad
Reagan took control of Washington with tax and federd spending cuts onits agenda. Oncethe
Reagan adminigtration's agenda was identified, the best the transit industry could hope for was a
holding pattern in terms of federa funding and programs (Smerk 1991, p. 215) and in terms of
funding, that iswhat it received. With the passage of the Surface Trangportation Assstance Act
of 1982 initid funding from the Mass Trangportation Account of the Highway Trust Fund was
increased and funding from the Generad Fund was decreased.

The Reagan Adminigtration sought to ...strengthen Federalism by relying on state and
local processes for intergovernmental coordination and review of federad financid assstance and
direct federa development” (Weiner 1992, p. 63). Using the 1982 Act, the Reagan
Adminidration changed the manner in which transportation projects in the US were funded in
three important ways. The first change was a$.05 cent raise in the nationa gasoline tax ($.01
to the Mass Trandt Account) to guarantee a source of federa funding from the newly created
Mass Transit Account of the Highway Trust Fund (a guaranteed source which the transit
industry had been coveting for years)l. The second change was a shift in the federa funding
gpportionment formula from 2/3 discretionary and 1/3 non-discretionary to 1/3 discretionary

and 2/3. This gave control over how transportation funds were spent to state and locd officias.

1t isimportant to note that this change in effect linked the fortunes of masstransit and highways, thereby
creating an extremely strong political coalition.



Finaly, afunding cap based on a percentage of the fiscal 1982 gppropriations to operating
assistance provided to urban aress.
The Federa Mass Transportation Act of 1987

Although many voters saw Ronad Reagan’s presidential re-election as a mandate for
the Reagan adminidtration, it was not a mandate to make sweeping changes in the nation's mass
transportation program. Over the years transit had gained in stature, counting among its
supporters, Congress, many urban governments and amgority of the public. Thus changesin
the mass trangportation program in 1987 "redlly amounted to fine-tuning, not aradica departure
from previous practices’ (Smerk 1991, p. 258). The Act did authorize atrangt program for
five years, much longer than past acts and as a result of large-scale lobbying efforts; the Act dso
authorized an increase in federa ad for fiscal year 1988 of 2.8 percent over that for fisca year
1987.

Although the 1987 Act offered relaively few mgor changes over prior years, certain
important trends were continued, including: the gpplication of more stringent guiddines and
criterion associated with new trangt projects, an increase in comprehensive planning, including
long-range financid planning, initiation of a"Buy American” policy which required thet at least
60% of new rolling stock purchased for transt systemsin the US be manufactured or
assembled in the US, findly, increased funding for start-up projects in cities such as Los
Angdes, Fort Lauderdale-Miami, Philadelphia, the Virgin Idands, and Santa Clara County.

Although not an extreme departure from past requirements, rules governing the
digtribution of federa funding for new rail trangt starts were solidified and adjusted. Instead of
basing digibility for federd funding soldy on an established formula (roughly haf according to
population and population density, and haf according to service and ridership levels) (Pucher
1988, p. 384), the new process required dternative analyses and preiminary engineering studies
in order to assst decisionmakers in gauging the codt- effectiveness of proposed rail systems or
extensons. In addition, the amount of loca funding available for the new project was dso taken

into condderation. The result of changes in the determination of digibility was that urban areas
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that wanted new rail trangt or to expand existing systems were required to outline exactly where
the funding for such projects would come; including federd, state and local government sources
and predictions for farebox recovery rates. In essence, trangt authorities were required to

show the existence of loca support and take more financia respongbility for new rail projects.

5. Trangt Stabilizes and Grows - The Early 1990s

In the early 1990s mass trangit in the US gained greater access to federal funding and
increased flexibility of expenditure decisons. Under the Omnibus Budget Reconciliation Acts of
1990 and 1993 the portion of the Highway Trust Fund tax on motor fuels deposited into the
Mass Transit Account was raised to $0.015 in 1991 and raised again to $0.02in 1993. In
addition, in 1991, the Surface Transportation Assistance Act was reauthorized asthe
Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA), the trangt law was
renamed the Federd Trangit Act and the UMTA was renamed the Federd Trangit
Adminigration (FTA). Aside from the name changes, several main goas were to be addressed
by ISTEA. Thefirg goa wasto increase federd funding for trangportation-related projects.
The second was to promote amore regiona approach toward transportation projects. The
third was to strengthen the emphasis on the environmenta aspects of trangportation decisions.

With regardsto the first god, ISTEA represented a plan for nearly a 50% increase in
yearly funding over the late 1980s: $5 billion/year vs. 3.3 billion/year (Pucher 1995, p. 217).
The second goal of amore regional gpproach toward transportation was to be accomplished by
providing state and local governments and loca trangportation authorities a greater amount of
flexibility in how they chose to use federd funding. Specificaly ISTEA dlowed States the option
to use atota of $28 billion, or 50% of their federa highway funds and 40% of their federa
bridge funds for projects to improve public trangport, carpooling, and bicycle or pedestrian
fadlities

Thethird god of increased emphasis on the environment was included primarily to assst

gate and loca governments to meet the requirements of the Clean Air Act; restore and preserve
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wetlands; and finance transportation enhancements (US DOT 1992). In order to reach the
third god, the Congestion and Air Quality Improvement Program of ISTEA authorized $6
billion over 6 yearsfor usein projects that can be shown to improve air quaity and reduce

roadway congestion.

6. Summary of Federd Involvement in Trangportation Finance

What has been documented in this section is an increasing federd rolein the provison
of rall trangt service in the US, including increased funding and control. Federal monies were
first made available for capital expenses, then operating expenses. Asthe federd role
increased, so too did the amount of regulation connected to federa funding. Findly, in the
1980s and 1990s, state and local officids gained control over the ditribution of funding, but the
federd government maintained a certain level of control by associating federa transportation
funding with other federd policies such asthe Federa Clean Air Act of 1990. Theresult has
been amassive increase in both the amount of available funding and requirements associated
with short and long-term planning of rail projects.

The days of asingle entity having control over the design, funding and operation of arall
system arelong gone. Many different entities are now involved including federd, State, regiond
and loca governments and private sector developers. Each group hasits own set of criteria by
which it gaugesrail trangt system performance. The integration of funding and policy
requirements & al levels of government has resulted in an immense industry with anearly ad-
hoc establishment of goad's and methods to reach gods. Thusit is necessary for research to
begin to address the question of the impact of a set of important factors on rail transit
performance in order for rail trangt operators to both set and meet long-term gods and increase
rall trangt's operating performance in urban areas throughout the US. That iswhat this study
grivesfor: abit of darification in an otherwise hazy and confusing mesh of interconnected vaues

and intersecting priorities that are associated with the operation of rail trangit in the US.



C. Sources of Capital and Operating Funding for Mass Transt (1991-1995)

Where does the funding for trangt system capita and operating expenses come from?
Thisisthefirst piece of datathat is necessary to begin to understand the impact that funding
source and type have on the performance of trandt systemsin generd, and, more specificaly,
rall trangt systemsin the US. Thisinformation is necessary because different levels of
government have different goas with respect to public invesment in transportation. If the US
has entered into a fourth era of trangportation that requires the incorporation of the goals of the
fird era— (cost efficiency), the gods of the second era— (public services), and the framework
of the third era— (loca control and responsihility), then not only isthe level of government from
where funding comes important, but also whether the funding is dedicated? or not. In order to
answer these questions data from the Federd Transt Adminigtration's (FTA) "Data Tables'
report for the 1991 - 1995 Nationa Trangit Database Report Y ears were andyzed.3

1. Recent Trendsin Total Available? Capitd and Operating Funding (1991-1995)
a Auvallable Capitd Funding

Capitd funding for mass trandit reached its highest leve in higtory in 1995, the latest
year for which dataiis readily accessible, as over $7 billion was made available from federd,
state and local sources(See Table 1). From 1991-1995 the totd amount of capital funding for
trangit from government sources increased approximately 35%: 12.5% from 1991-1993, a
2.4% decrease in 1994, and findly, a 25.1% increase from 1994-1995.

Tablel
Sour ces of Capital Funding 1991 - 1995 (Millions)

Source 1991 1992 1993 1994 1995
Federal $2,545.0 (49.9%) $2,598.7 (49.2%) $2,383.5 (41.6%) $2,518.1 (45.0%) $ 3,313.7 (47.3%)

2 Dedicated funding refers to funding that is collected and dispersed for a specific purpose.
3 1995 was the most recent year for which comprehensive data on this subject was readily available.
4 The term "available" refersto funding from all sources that could have been spent during the time period.



State 638.1 (12.5%)  777.7(14.7%) 1,316.7 (23.0%) 1,005.5 (18.0%)  989.2 (14.1%)
Local 1.914.2 (37.6%) 1.906.2 (36.1%) 2.003.4(34.9%) 2.074.8 (37.1%) _2.705.5 (38.6%)
Total  $5,097.3 (100%) $5,282.6 (100%) $5,733.6 (100%) $5,598.4 (100%) $ 7,008.4 (100%)

Source: National Transit Summaries and Trends 1995, Exhibit 2-1, pg. 21.

Federd capitd assistance has continudly represented the greatest source of available
funding, with ahigh of 49.9% of total capital funds availableto trangt in 1991, alow of 41.6%
in 1993, and 47.3% in 1995. Trendsin state capital assstance were opposite of federd funds,
increasing from 12.5% of the totdl in 1991 to 23% in 1993, the year federd percentages were
at their lowest, and falling to 14.1% in 1995. Locd sources of capitd funds mirrored the
percentage trends of federal funds, decreasing from 37.6% in 1991 to 35.4% in 1993, then
increasing to 38.6% in 1995. Thus, for capital assstance in the 1990s, federa and loca funding
have followed amilar trends, while state funding has had an opposite response to trendsiin
federd funding.

b. Avalable Operating Funding

Overdl operaing funding for mass trangt reached the highest leve in higtory in 1994
with over $17.3 billion available from al sources (See Table 2). Theleve of operating funding
then dropped less than 1% in 1995, but remained over the $17 billion leve.

Table2
Sour ces of Operating Funding 1991-1995 (Millions)

Source 1991 1992 1993 1994 1995
Government Subsidies
Fed. $ 850.0 (5.3%) $849.1 (5.3%) $913.0 (5.4%) $ 861.5 (5.0%) $ 767.8 (4.5%)
State 3,173.5(19.9%) 3,680.6 (23.1%) 3,475.1 (20.7%) 3,626.7 (20.9%) 3,598.6 (21.0%)
Local 5,391.7 (33.8%) 4.832.6 (30.4%) 5.165.5 (30.8%) 5.815.4 (33.5%) 5,677.7 (33.1%)
Total $9,415.2 (59.1%) $9,362.3 (58.9%) $9,553.6 (57.0%) $10,303.6 (59.4%) $10,044.1 (58.5%)
Directly Generated

Pass. Fares 5,599.4 (35.1%) 5,697.3(35.8%)  6,117.1(36.5%) 6,466.4 (37.3%) 6,478.9 (37.7%)
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Other 929.1 (5.8%) _ 848.2(5.3%)  1.087.2 (6.5%) 574.7_(3.3%) 651.2 (3.8%)
Total $6,528.5 (40.9%) $ 6,545.5 (41.2%)  $7,204.3 (43%)  $7,041.1(40.6%) $7,130.1 (41.5%)

Operating Funding
Total $15,943.7(100%) $ 15,907.8(100%) $16,757.9(100%)  $17,344.7(100%) $17,174.3(100)

Source: National Transit Summaries and Trends 1995, Exhibit 3-5, pg. 35.

State and locd outlays for trangt operations increased 13.4% and 5.3% respectively,
from 1991-1995, while their percentages of total operating funds experienced a less than 1%
change, leveing off in 1995 at 20.9% for state and 33.1% for locd. Totd federd outlays
increased 10.7% over the same period, but the federal share of total operating funding
decreased from 5.3% in 1991 to 4.5% in 1995.

Another main source of operating funding presented in the 1995 National Transit
Summaries and Trends is"other" which represents gpproximatey 43% of the tota operating
funds avallable to trangt systems. "Other” includes funding collected directly by transt agencies
such as revenue from passenger fares and advertisng. Although the "other" category's overdl
share of total operating funds increased |ess than one percent between 1991 and 1995, for
passenger fares, the main component of the category, revenue increased 15.7% from 1991-
1995. The share of total operating funding generated by passenger fares aso rose steadily from
35.1% in 1991 to 37.7% in 1995.

Thus, with respect to operating funding, total outlays continue to increase. Meanwhile
gate and locd sources of funding are becoming increasingly more important as the federa
government's rolein providing direct funding for trandt system operations diminishes. This
declining federd role in ral trangit finance isin accord with the relatively conservetive policies
pursued by republican adminigtrations that held the presidency during the decade of the 1980s
and into the early 1990s and whose policies have been continued by a republican-dominated
Congress to the mid-1990s.



2. Government and Individua Sources of Applied Capita and Operating Funding - 1995°
a Applied Capita Funding

In 1995 the largest governmenta source of capital funds gpplied by dl raill sygemsin
the US was the federa government (47.3%), followed by directly generated (26.3%), Sate
(14.1%), and local (12.3%). Thelargest individua sources of federa trangt capital funds were
the Capita Program (55.8%) and the Urbanized Area Formula Grant (42.7%).

b. Applied Operating Funding
In 1995, directly generated (trangt agency) funds were the largest government source of
operating funds applied (53%), followed by loca (21.6%), Sate (21.0%) and federa (4.5%).

Thelargest individud source of transit operating funds applied was passenger fares (35.4%).

3. Summary

Given that the trends of increased government subsidy of mass transit and increased
financing of trangt operations by state and local government in the US will continue, it has
become increasingly necessary to assess the impact that source of government subsidies has on
the performance of rall trangt sygemsin the US. Only in thisway will thoseinvolved in the
planning and operation of rall trangt systems be able to establish and reach long-term godsthey

have set for system operations.

D. Typesof Mass Transportation Funding: Dedicated and General Revenue
Theinformation in this section will assg in highlighting the importance of two funding

types: dedicated and generd revenue. The information is presented herein order to establish a

basis for the argument presented in Chapter 111 that funding type - dedicated or generd revenue,

5 The term "applied" means spent. In thisinstance capital and operating funding "applied” is used in that
datafor only one year, the mo st recent, was observed. When datafor only one year is observed it is more
accurate to consider "applied" rather than "available" funding as funding that is available in one year may
be applied in subsequent years.
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should be included in any analysis of the factors that affect rail trangt system performance in the

USif agreater understanding isto be gained.

1. Definitions

Dedicated funding refers to funding that is both raised and then, by law, appropriated
for agpecific purpose. Dedicated funding sources for transportation are often supplied by
specificaly earmarked taxes. Taxes may be raised at the Sate, regiond or loca level. State
taxes applied to dedicated funding sources for trangt-related purposes often involve increasesin
sdes, income, and property taxes. Regiona and loca sources of dedicated funding are often
supplied by increases in sdestaxes or bridge and tunnel tolls. Regiona tax increases are often
made possible by the passage of countywide initiatives and often result in sales tax increases
(Pucher 1980). Other common sources of local, dedicated funding for transportation include
payroll taxes, joint development fees, public/private partnerships, specid assessments, and
parking fees (McGillivray and Kirby 1979).

Generd revenue funding refersto funding that is not specificaly raised or gppropriated
for aspecific purpose. Generd revenue funding is most commonly supplied by property taxes
and gate grants (Fisher 1988). Generd revenue funding isflexible in that it may not have been
allocated to a specific purpose prior to its being raised. Outlays from genera revenue funds are
usualy subject to yearly budget negotiations conducted by elected officids and therefore are not

guaranteed sources of trangportation funding.

2. Sources of Dedicated and Generd Revenue Funding - 1995

This section provides a breakdown of the percentage of dl rail trandt capita and
operating funding in the US that has been provided by state and local dedicated and genera
revenue sources. This section provides aframework from which to begin to understand the
rel ationship between dedicated funding, public gods, and their impact on the performance of rall

trangt systemsin the US.



* Applied Capitd Funding
For capital funding in 1995, approximately 66.8% of state funds were from dedicated
sources while 33.2% were from genera revenue sources. For loca funds, approximately

59.9% were from dedicated sources and 40.1% from general revenue sources

* Applied Operating Funding

In 1995 local sources of operating funds were split roughly in haf with 50.8% from
dedicated sources and 49.2% from general revenue sources. For state sources of operating
funds, gpproximately 55.1% were from dedicated sources and 44.9% from genera revenue

SOurces.

a. Dedicated and General Revenue Funding Provided by Taxes

Presented in this section are the percentages of state and local taxes (by type of tax)
dedicated to trangt operating and capitd funds. It isimportant to make a distinction between
types of taxesin that, as will be argued in Chapter 111, the competition for sdlestax receiptsisan

important factor affecting the performance of mass trangt systems throughout the US,

* Applied Capitd Funding

In 1995 local taxes accounted for 37.8% of total dedicated taxes for mass trangt
capita funds, with directly generated (35%) and state (27%). Thelargest portion of loca taxes
was generated by sdes tax (88.6%), while the largest potion of directly generated tax was dso
salestax (98%). For state taxes, the largest contributor was the gastax at (26.4%), next was
"other" (25.1%), property tax (25%), and finally salestax (23.5%).

* Applied Operating Funding
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Of the total funds dedicated for mass trangit operating fundsin 1995, local taxes
accounted for 35.5%, directly generated taxes (34.6%) and state taxes (29.9%). The largest
portion of loca taxes was provided by salestax (80%). For directly generated taxes, "other"
taxes® provided the largest portion (50%). The largest portion of state taxes was aso
generated by "other" taxes’ (36.4%) while sales and gas taxes generated 24% and 23.5%

repectively.

3. Advantages and Disadvantages of Dedicated and Generd Revenue Funding
a Dedicated Funding

Dedicated sources of trangportation funding offer one primary advantage; funding & a
gpecific leve is guaranteed for a specific amount of time. Guaranteed funding makes it possible
for trangt agenciesto develop long-range plans. Thisis especidly important for capita-
intensive projects such asrall trangt that operate dong fixed routes. The argument is put forth
that without dedicated funding, long-range planning is difficult and that subsequently, uncertainty
over the availahility of funding may result in shortsghted planning efforts (Heathington 1979).
Short-term planning for long-term projects such asrail trangt syssems may result in incomplete
or patialy completed sysems thet offer rdaively little in terms of trangt service. Short-term
planning involves short-term goals which are often not conducive to meeting long-term goals set
forth for rail trangt systems that often remain a part of the urban landscape for many decades.

A mgor disadvantage of dedicated funding is that the basic criteriathat are required for
atrangt system to receive funding change very dowly and it is often very difficult to change the
gods for which the funds are designated. If it isthe intent of aregion to build arail transit
system of a specific Szeto redize certain gods, the trangt authority has an incentive to continue

building and spending funds even after an agreed upon "optimum™ sze has been reached. Once

6 For directly generated taxes, "other" taxesinclude all taxes except: income, sales, property and gasoline.
7 For state and local taxes, "other" taxesinclude any special dedicated tax such as motor vehicle excise taxes
and gross receiptstax, but excludes income, sales, and property or gasoline taxes.



funds have been dedicated, government agencies have an incentive to continue to spend those
monies (Pucher, Markstedt, and Hirschman 1983). The end result is often increasing costs and

decreasing productivity resulting, in alarge part, from the guaranteed availability of funding.

b. Generd Revenue Funding

Generd revenue funding sources dso have one primary advantage: they offer an
opportunity to link funding to performance. Y early budget negotiations insure é least an
attempt at trangt agency oversight based on an established set of criteria. It isthe negotiation
process that determines the leve of available funding for the following fisca year. Such
negotiations can include condderation of trandt system performance that can assst ininsuring
that trangt systems are run more efficiently and that desired gods are being met. It isthe
possihility of changesin funding, ether an increase or decrease, that gives trangt authorities an
incentive to improve service, while a least attempting to maintain system performance (Miller
1980).

An important disadvantage of flexible funding sources is that yearly budget negotiations
can lead to extreme variaion in year-to-year funding which can result in inappropriate, short-
term planning, decreased quality of service, decreased ridership and an eventua deterioration in
system productivity (Heathington 1979).

3. Summary

Although it is often required that funding from both dedicated and genera revenue
sources are alocated for specific purposes, there is one additiona difference between the two
that was not mentioned previoudy. The ease with which funds are redllocated is very different
when comparing dedicated and generd revenue funding sources (Manheim 1979). It canbea
relatively sraightforward adminigrative process (dbeit a times a difficult political process) to

regllocate genera revenue funding; avote of dected officidsis usually required. 1t is much more
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difficult to obtain or change alocations for dedicated sources. Such changes dmost dways
require a public vote, which istime consuming, expensive, and politicaly contentious.

Thus given the advantages and disadvantages of each, when considering the use of
dedicated or generd revenue funding the question is not whether funding should either be
completdly flexible or completely dedicated, but rather, what is the optimum combination of
funding types necessary for trangt systems to continue long-range planning, while incorporating
shorter-term performance standards into decisions affecting system operations? Developing a
theoretica optimum mix of funding types is beyond the scope of thisstudy. What this study can
do is to measure the impact that different combinations of dedicated and generd revenue
funding have had on the performance of rall trangt sysemsin the US. Such information will
assg trangit operators and policymakers to understand the impact of funding type onrail trangt

performance.

E. Conclusion

The discusson in section A of this chapter concerning whether mass transportation in
the USisapublic good or apublicly provided private good makes it clear that trandt system
performance relies heavily on how society in generd, and government in particular, view ther
role in the provison of mass trangportation. The past involvement of the federal government in
the provision of rall trangt reveds a paitern of increasing federa involvement, especidly at times
when democrats held the Presidency. From the history of federa financid participation in rall
trangit presented in section B it is obvious that today the federd government has assumed arole
that may be likened to that of arich uncle, providing amgority of capita funding, yet requiring
little in return. Meanwhile systems operating costs are | eft to state and loca governments and
the trangit digtricts and systems themselves. For their part, state and local governments have
increasingly relied on various types of dedicated taxes to supply operating funding for their rail
systems, especialy saestaxes.
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Many would agree that government spending for mass trangportation is a primary
determinant of the impact of mass trangportation in many ways. Many have a least an inkling of
what those impacts might be, both economic and socid. The crux of the matter isthat past
research has not fully addressed the impact of three important determinants of system
productivity: subsidy type, program form, and program implementation. Past research has
contributed a great dedl to our knowledge regarding the impact of transit subsidies on transit
system performance, but gaps remain, gaps that will be identified in Chapter 11 and filled in
Chapter 111 of this research.



CHAPTER 11
Measuring Trangt System Performance

When changes in available capita and operating funds are considered, one must be sure
to view such changesin red, inflation-adjusted, dollars. When adjusted for inflation, what
happened to trangt finance in the first half of the 1990s was an overall increase of 25.5% in the
totad amount of available capitd funding and a4.3% decrease in operating funding (Nationa
Trangt Summaries and Trends 1995). While capitd funding for trandt projects continues to
come primarily from federal sources, trangt agencies at the state and local level have become
heavily involved in the process of obtaining operating funding for their trangt programs. One
main contention of this research isthat the concentration of trangit agencies on obtaining
continuous streams of operating funding has important, and measurable, impacts on the
operating performance of rall trandt systemsin the US. Before that determination can be made
it isimportant to take alook at past research in order to determineif there are ggpsin existing
research, and equaly as important, how to fill such gaps with this research.

The first section of this chapter, section A, contains results from past research on the
performance of trangt systems, beginning with a short explanation of the importance of
performance-related research in the trangt field. Following a discussion of the need for
conducting performance research is a section that reviews the impact of various types of
government funding on mass trangt system operating performance, including the impact of
overdl government subsidies, funding source, and funding type.

Section B of this chapter contains tables of performance measures included in transit
performance research over a recent twenty-year period. In addition, Section B contains
definitions and conceptud reasons for the inclusion of specific performance measuresin
previous research and in thisresearch. Thefina portion of Section B includes adiscussion of
the performance measures sdected for incluson in this research, including indications,

advantages and factors that affect the interpretation of each measure.

37
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Presented in the final section of this chapter, section C, isadiscussion of three important
gaps in exigting literature that have become apparent through the andysis of past research.
These gaps include a determination of the impact of specific types and sources of government
subsidies, the concentration of existing performance research on bus trangit operations, and the
determination of the impact of loca politica relationships on the operating performance of rall

trangt systems.

A. Past Research on Transit System Performance
1. Why Conduct Research on Trangt System Performance?

The higtory of mass trangit in the United States is well documented. From the earliest
omnibuses (mid - 1820s) and steam railroads (early 1830s - 1850s), to the horse drawn
streetcars (1850s - late 1880s) and finally the eectrified street railways, cable cars and eectric
trolleys (1880s - 1910s), mass trandt was primarily used as away to extend urban boundaries
(Warner 1962). As cities expanded, owners of large tracts of property, who also owned trangt
lines, were able to build suburban developments. Prafits from development insured the
continued expansion of trangit. By the late nineteen teens and early 1920s automobile
ownership had increased to a point where it began to have a negative impact on trangit
ridership. From then on, the auto became the largest source of transportation and private
ownership of mass trandt began to falter (Wachs 1984). If we skip ahead to the 1960s, we
find that trangit ridership had declined nearly 50% between 1950 and 1960, large-scae
abandonment of routes continued, service quaity decreased, and mass trandt was in danger of
disappearing atogether in many cities acrossthe US. According to Fielding (1983) the socid
conflicts of the 1960s focused public attention on urban problems. Lack of adequate
trangportation was one urban problem that asssted loca government officidsin atracting
government fundsto their troubled cities. Mayors and labor union leaders dike supported
trangt asafocd point for public investment and the era of private ownership of mass transt

virtualy ended.
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With public ownership and public assstance, the provison of mass trangt was no longer
alocd issue. The public and government attached new expectations to mass trandit (see
Chapter I, Section A 1b for an in depth discussion of changing godsfor trangt). Asgodsfor
trangt changed, a newly found interest in research associated with measuring and improving the
productivity (output per dollar of input) of mass transportation systems began gaining
momentum.

There were a number of reasons for this newfound interest in the productivity of mass
transportation. Firdt, public assistance, initidly in the form of capital assstance (1964) and later
in the form of operating assistance (1974), dragticaly changed the goas for mass transit, thus
new ways of measuring and determining whether or not goas were being met were necessary.
Second, federa subsidies, which had initialy been offered as away to prop-up an aling transt
industry quickly became an indispensable source of funding (Meyer, Kain, and Wohl 1965). If
mass trangit was ever to be weaned off of public assistance, research was necessary to
determine the impact of gpplying or removing public asssance. Third, one of the main goa's of
government operating subsidies was to stabilize and increase trangit ridership. Thiswas
accomplished by stabilizing, and in certain instances decreasing passenger fares, even in the face
of rising operating codts (Lave 1991). Asaredult, trandt agencies ran up large deficits (see
Anderson 1983; Pucher, Markstedt, and Hirschman 1983; Bly and Oldfield 1985; Pickrell
1985; and Wachs 1989 for writings dealing with the connection between trangt system deficits
and government subsidies). 1t soon became apparent that research was necessary to
understand the effects of government subsidies on trangt system performance. Once the
relationship was clarified, it was hoped that changes in the operation of public trangt systems
would increase system productivity, thereby decreasing financia shortfdls. Service levelsand
ridership would aso increase and government subsidies would decrease as trandit systems
became more productive. Aswill be shown in the remainder of this section, athough

researchers have gained a detailed understanding of the impacts of subsidies on trangt system



productivity, there are till agreat deal more details that can be incorporated into the current

understanding of the subject.

2. Government Funding and Trangt System Performance

The semind research on developing transit performance measures was conducted in the
mid-1970s by Fidding and Glauthier. Shortly afterward, Fielding, Glauthier, and Lave (1977)
outlined how specific performance indicators could be gpplied to trangt system management.
This research addressed the questions of which performance indicators should be used for
andysis and how they could be gpplied, but did not compare existing trangit systems. Results of
research that began measuring the impact of subsidies on trangt system performancein a
systematic and quantitative manner began appearing in academic journadsin the late 1970s.
Since that time researchers have used numerous performance indicators to both compare and
contragt exigdting trangit systems and to help understand the impact government subsidies have

on trangt system performance.

a Ovedl Impact of Government Subsidies

In generd, most research involving trangit system performance has shown that
government assistance has had both positive and negative impacts. Postive impacts include
increased ridership, increased level of service (measured in vehicle miles of service), and
reduced fares, while negative impacts include nearly dl indicators involving cogts. For example,
one datistical study conducted by Bly, Webster, and Pounds (1980) which included data from
trangt systemsin 18 nations including the US, UK, and the larger nations of Europe for the
period of 1965 - 1977, indicated that a one percent increase in operating subsidy resulted in
increases of 2-3% in ridership, increases of 0-3% in vehicle kilometers, decreases of 5-7%in
fares, and increases of 4-6% in operating costs. In another sudy Pickrell (1985) found that for
UStrangit providers between 1970 and 1982, ridership increased 1.8%, average fares
decreased 20%, level of service increased 13.2%, and operating cost/vehicle mile increased
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nearly 62% of which nearly haf was attributable to increases in driver'swages. Findly, results
of Cervero's (1983) datistical study, which included data from 17 Cdiforniatrangt properties
from 1971-1981, indicated that government subsidies seemed to have the greatest impact on

cost trends.

b. Impact of Funding Source: Federa, State, and Loca Funding

Results of empirical research aimed at uncovering the impact that subsidies from
different levels of government have on trangt system codts have generdly been conflicting.
Pucher, Markstedt, and Hirschman (1983) in adtatistica analysis of datafrom 77 US bus
trangt systemsin 1979 and 135 systemsin 1980, while not induding local funding sources,
found that federal subsidies had twice the impact on per-hour costs when compared to the
impact of date subsdies. Cervero (1983, p. 551) found that in his Cdifornia sample "the
effects of loca aid seemed generdly to be about twice as great as federd aid, while Sate
subsidies were largely inconsequentia.” Findly, Anderson (1983) in a study including data for
the US bus trangt industry from 1960- 1975, found that locd aid resulted in smaler increasesin
costs, larger decreasesin average fares and smaler decreases in ridership and frequency of
sarvice than either sate or federd aid. Also, federd aid resulted in the largest increasesin
costs.8

Thus dthough it seems clear that sate funding contributes lessto trangit system cost
increases than federa sources, the question remains of which source of funding, locd or federd,
contributes most to escalating costs.
c. Impact of Funding Type: Dedicated vs. Genera Revenue

As dtated previoudy, dedicated funding refersto funding that is both raised and then
gppropriated for a specific purpose and is often supplied by specificaly earmarked taxes.

8 Although Anderson (1983), Cervero (1983) and Pucher et al (1983) investigated the impact of subsidies
from different levels of government on transit system performance, it must be noted that Anderson's study
included only capital assistance, as operating assistance was not available until 1974, thus her study does
not incorporate significant impacts on ridership and service levels that occurred in the mid-late 1970s.



Research which includes consideration of the type of funds available to trangt sysems are not
common, but are in genera agreement. For example, Pucher, Markstedt, and Hirschman
(1983, p. 167) indicated "trangt systems with more than haf their sate and local funding
dedicated had cogts that were $1.48 higher than systems with little or no dedicated funding.”
Meanwhile, Anderson (1983) in measuring the impact of what she called "passive sponsorship”
or subsidies that are only loosely tied to performance standards aso found that dedicated
funding resulted in higher costs’hour. In addition, she found that trangit authorities that had the
power to collect taxes experienced higher costs/hour and paid higher wages than systems
without taxing authority. Results of existing research indicate that wages are extremedly
important to trangt system productivity asit has been estimated that labor costs make up as
much as 74% of trangit operating costs and increases in subsidies have been directly linked to
increases in wages (Pickrell 1985).

Thus type of funding, dedicated or genera revenue (non-dedicated), has been shown to
have an important impact on the performance of trandt sysemsin the US. Also of primary
importance is whether or not atrangt authority has the power to collect its own taxes as

specified by the voters of aloca trangportation digtrict.

3. Summary

Results of past research, dthough not necessarily in complete agreement, indicate that
public operating assistance has had a Significant impact on trangit system performance both in
the US and in Europe, especidly for indicators that include cost considerations. With regards to
the impact that subsidies from different levels of government (federa, state, or loca) have on
trangt system performance, results are mixed. All that isrealy known isthat impacts on
performance are different depending on the level of government that provides subsidies. Also
evident isthat not only isthe level of government from which subsidies are dispersed important,
but, possibly even more important, are the requirements that are atached to government
subsidies by policymakers at each level. Although past research has revealed that funding type,
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either dedicated or generad revenue, may be an indication that specific requirements are tied to
subsidies, past research has not addressed the question of the impact of funding type on trangt

system performance.

B. Two Elementsof Transit System Performance- Efficiency and Effectiveness
1. Definitions and Widey Held Conceptudizations

Trangt systems are not operated in vacuums. Nearly innumerable factors influence the
ways in which nations, gates, regions, and cities provide mass transportation. Inevitably the
question is asked of which systems are doing the best job of providing trangportation services.
In order to attempt to make such ajudgment, a set of criteria must be developed. Although
nearly dl would argue that comparisons among systems are necessary and can result in
discoveriestha can assist in improving the ways in which trangportation is provided, few agree
on the exact criteriato be used as abasis for comparison. Comparison of transt systemsis
primarily based on performance. Performance has been defined as being comprised of two
eements efficiency and effectiveness (Fielding and Glauthier 1976). Efficiency in transportation
isameasure of theratio of resource inputs to service outputs, (e.g. cost / vehicle-hour or
vehide-hour / employee), with the desired goa being to minimize input and maximize output.
Effectivenessis ameasure of how well gods are met by the provision of service (eg.
passengers/ vehicle hour or revenue / expense). According to Fielding and Glauthier, 1976,
efficiency measures reflect production, while effectiveness measures reflect consumption, thus

the two types of measures should neither be confused nor combined in an analyss.

2. Typology of Performance Measures

Tables 3A, 3B, and 3C are based on categories developed by Fielding and Glauthier,
1976, and are an extension and refinement of asimilar table presented by Miller in 1980.
Tables 3A and 3B contain trandt performance measures suggested in twenty studies conducted

over twenty-years (1976 - 1996). The tables are broken down into two categories of



60

performance measures. efficiency and effectiveness. The efficiency category is further separated
into sections for cost measures, labor productivity, and vehicle utilization measures. The
effectiveness category is aso separated into sections for cost measures, bility, service
utilization, qudity, and other measures which do not fit into any of the existing categories.
Overdl, more than fifty separate performance measures are suggested by the twenty studies
consdered. Although each measure reveds adightly different aspect of asystem's
performance, not all measures are appropriae, especidly when consdering only rail transit

systems.



Table 3A

Transit Performance Measures Suggested By Various Studies

Measure
Efficiency

Efficiency

(input per produced measure of output)

Cost Measures
Operating Cost / Vehicle-Mile
Operating Cost / Vehicle-Hour

Operating Cost (w/o Deprec.) / Vehicle-

Hour
Cost / Seat-Kilometer

Labor Productivity
Vehide-Hour / Employee-Hour
Vehide-Hours/ Employee
Passengers / Employee-Hour
Passengers/ Employee
Passenger-Miles/ Employee
Passenger-Trips/ Employee
Vehide-Miles/ Employee
Seat-Kilometer / Employee
Operator's Wage Rate

Vehicle Utilization
Vehide-Miles/ Vehide
Vehide-Hours/ Vehidle

Average Vehide-Hours/ Vehicle

Vehide-Miles/ Vehide-Hours
Peak-Vehicle/ Base-Vehide
VehideMiles Totd
Vehide-Miles/ Route-Mile
Revenue Miles/ Vehide
Revenue Hours/ Vehicle
Revenue/ Vehicle-Hour

Sudy inwhich
measure was used.

10, 11, 14, 17, 20
1,256,8,9 11, 12, 13,15, 16
15

20

6
1,2,35/11,13,15
6

4,11

10, 20

10

10, 11, 13, 17, 20
20

12, 13,17

3,11
1,2,36,11
2

15

15

17

12

11

11

8, 18
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Table 3B

Transit Performance M easur es Suggested By Various Studies

Effectiveness

Measure
Effectiveness
(consumption per consumed output unit)

Cost Measures

Operating Cost / Passenger (unlinked trip)

Operating Cost / Revenue Passenger (linked trip)

Capitd Cost / Passenger

Operating Cost / Passenger-Mile

Energy / Passenger
Accessibility

Percent Population Served

Percent Employment Served

Percent Transit Dependent Served
Service Utilization

Passengers/ Service Area Population

Passengers/ Vehicle-Hour

Passengers Vehicle-Mile

Passengers/ Vehicle

Passengers/ Route-Mile

Passengers Total

Revenue Passengers/ Revenue Vehicle-Hour

Trangt Trips/ All Other Trips

Ridership / Total Population

Percent Change in Ridership/ Year
Quality

Percent Trips Missed

Seat-Hours/ Capita

Transfer Opportunities/ Route-Miles

Vehicle Cleanliness and Condition

Driver Performance

Headway
Other

Deficit / Passenger-Mile

Revenue / Expense

Revenue / Operating Expense

Revenue / Op. Expense + Depreciation

Revenue / Revenue Passengers

Subsidy / Passenger-Trip (linked)

Deficit / Passenger

Study inwhich

measure was used.

2,4,5,10,11, 12
2

1,24
3,56,809, 11,
11, 14

2,11

19

12

2

17

18

17,18

ANNDMSMD

6
3,4,6,8,9,18
8, 14,15

15

12, 14,15

18

14

62



Deficit (Revenue - Expense)

18



Table3C
Studies Including Transit Performance M easures
by Author and Year

1. Felding, Glauthier (1976)

2. Fidding, Glauthier, Lave (1977)

3. Drosdat (1977)

4. CdiforniaDOT (in Drosdat, 1977)

5. Cdifornia Auditor Generd (1977)

6. Keck, Schneider - New Y ork (1979)
7. Abrams, McLaughlin - New Jersey (1978)
8. PennsylvaniaDOT (1975)

9. Miller (1980)

10. Bly, Webster, Pounds (1980)

11. Cervero (1983)

12. Anderson (1983)

13. Pucher, Markstedt, Hirschman (1983)
14. Pickrell (1985)

15. Lave (1991)

16. Pucher 1982

17. Wachs (1989)

18. Perl and Pucher (1995)

19. Lawlor (1995)

20. Wunsch (1996)

3. Individua Measures Sdected for Inclusion in This Research
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Any list of performance measures by which transportation systems are compared could
be extensve. The god of the current Sudy is not to be exhaustive, but to provide afoundation
from which to begin comparing the performance of dl rall trangt sysemsin the US. For this
reason five measures, one representing each category from the list provided in Tables 3A and
3B save accessihility and qudity, were chosen for usein evauating system performance.®
Performance measures representing system bility and quaity are not common in existing
literature as they are extremey difficult to interpret over time and across systems given that
nearly innumerable local factors can affect the interpretation of either measure, therefore

representative measures for these two categories are not included in this research.

a) Conceptud Reasoning Underlying Choice of Measures

Out of over fifty possible performance measures the group of five included in this
research were chosen in order to create atool that transit system operators and policy makers
can use for comparing the performance of individua systems over time or among Smilar sysems
in regions across the US.  Sdlecting asmall group of measures isimportant in thet the larger the
number of indicators, the greater the incidence of disagreement as to the comparative vaue and
find interpretation of results (see for example Fidding 1992 and Lee 1989 for writings on the
difficulties associated with the interpretation of performance measures and comparing measures
across sysems). Basicdly thisisaresult of regiond differences in operating goasfor rall trangit
systems. Asthe number of performance measures increase, o too does the likelihood that the
gods of individua systemswill not be reflected by the chosen measures, therefore only asmal
number of performance measures are able to reflect the main goas of individua systems across

the US.

9 Measures which include distance (e.g. cost per mile or miles per enployee etc.) are not employed in that
such measures are often extremely difficult to interpret as any number of locally contingent factors influence
system size, route alignment, etc. and are not conducive to cross-system comparisons.



The five performance measures sdlected for this research were included for two main
reasons. Firt, each measure reveds a different characterigtic of rail trangt system operating
efficiency and effectiveness. Each measure yidds insight into one of the five mgor facets of rall
system operations. Efficiency: 1) cost per produced output unit; 2) labor productivity; 3)
vehicle utilization. Effectiveness: 4) utilization of service. Efficiency and Effectiveness. 5) cost
per consumed output unit. It isimportant that representative measures from each mgjor facet of
system operations be included in any analysisin order for policy makers and system operators
to gain amore complete understanding of the entirety of trangt operations.

Second, the five measures selected for this research are prominent in existing trangt
system performance evauation literature. Each of the five measures has been included in no less
than twenty-five percent of the twenty studieslisted in Table 3C, while one variable, Operating
Cost / Vehicle-Hour, was included in nearly sixty percent of the studies observed. Thisfact
aone would not automatically insure the appropriateness of the five performance measures
included in this research, but coupled with the fact that each of the five measures sdlected
represents an important facet of trangt system operations, the fact that many transit
professiona's accept the five measures as accurately representing important facets of transt
system performance is an important indication of the accuracy of sdections made in this

research.

b. Performance Measures. Indications, Advantages and Factors Affecting Interpretation

This section contains alist of the five performance measures sdlected for incluson in this
research. Following the identification of each measure is an explanation of the facet of trangt
system performance represented by the measure, the ingght into system operations provided by

the measure, and the main factors that affect the interpretation of the measure.

Efficiency Messures
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1. Operating Cost10 / Vehicdle-Hour

Thismeasure is a cost measure that represents the ratio of total, yearly operating
expenditures over totd, yearly revenue vehicle hours. Totd operating costs include
expenditures for trangportation, maintenance, marketing, fuel, and depreciation (Fielding and
Glauthier 1976). This measure indicates the cost per vehicle-hour produced.

* Advantages
Thismeasure is applicable to al szes and modes of service and uses reedily available
data The use of vehicle hoursingtead of vehicle miles assstsin correcting for differences

between trangt properties including those relaing to size, mode, congestion, and geography .

* Factors Affecting Interpretation

This measure is affected by the loca peak / off-peek ratio, hours of daily service, and
labor union contracts (Fielding, Glauthier, and Lave 1977). Specificaly, the size and duration of
an ared's peak periods determines the number of vehicles and drivers that are necessary to
provide adequate service to passengers. Fewer vehicles and drivers are necessary during off-
peak hours, but many labor agreements prohibit requiring drivers to work split-shifts, thus the
total number of driversis determined by peak period capacity requirements rather than average
daily ridership (Chomitz and Lave 1981). Systemswith larger pesk- periods may exhibit

weeker efficiencies than systems in areas where peak periods are smaller.

2. Vehide-Hours/ Employee-Hour
This measure assgts in determining atrangit property's level of labor productivity. The

measure represents the totd, yearly revenue vehicle hours over the tota number of employee -

10 |nthis section, theterm "Total Operating Costs" is used as defined by Fielding and Glauthier, 1976, and
includes expenditures for transportation, maintenance, marketing, fuel, and depreciation.
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hours (operational and adminigtrative) of atrangt property. This measure indicates the number
of vehide-hours per employee-hour (output unit produced). In this case employee-hour is used
rather than the number of employees. The reason for thisistwofold. Firg, if the total number
of employeesis used, then part-time employees labor is not included in the andysis. Second,
data sources used in this analysis report the number of employee work hours, including part-

time employee hours.

* Advantages
This measure uses readily avallable data, includes al personnd directly employed by the

trangt agency, and is applicable to al sizes and modes of transit operations.

* Factors Affecting Interpretation

Newly created or expanding sysems will potentidly have a greater number of employee
hours than established, stable systems due to the need for contract employees for planning,
condruction, and public relations which will skew the employment numbers.

3. Vehicle-Hours/ Vehicle Max

A vehicle utilization measure that represents the totd, yearly vehicle hours over the
maximum number of vehicles operated by atrangt property a any one time during the year.
This measure indicates the number of vehicle hours per vehicle (output unit produced). Inthis
case the maximum number of vehicles operated during evening peek is used rather than the total
number of vehicles owned by the trangt authority. The reason for thisis that it dlowsamore
accurate interpretation of the utilization of vehiclesin day-to-day operation and is unaffected by
vehicle inventories which are more closaly connected to capitd expenses rather than operating

EXPENSES.

* Advantages
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This measure uses physicd rather than monetary units, thusit is relatively independent of
wage rate differences among cities. Additiondly, vehicle hours are used; thusit isrdatively
independent of locd differences in speed, trip length and congestion.

* Factors Affecting Interpretation

Thismeasure is primarily affected by peek / off-peak ratio. The concernisthat the
shorter and larger atransit property's peak period, the fewer hours vehicleswould be in service,
thus trandt systems that experience a smdler pesk / off-peak ratio would perform better

according to this measure.

Effectiveness Measures

4. Passengers/ Vehicle-Hour
A service utilization measure that represents the tota, yearly, unlinked passenger trips

over thetotd, yearly vehicle hours. This measure indicates system usage (consumption) per
vehide-hour produced.

* Advantages

Aswith the previous measure, this measure uses physica rather than monetary units,
thusit is reaively independent of wage rate differences among cities. Additiondly, vehicle
hours are used; thusit is rdatively independent of locd differencesin speed, trip length and

congestion.

* Factors Affecting Interpretation
Thismeasure is affected by the peak / off-peek ratio, hours of service, vehicle capacity,
and average trip length of the system.
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Overdl Measure

5. Operating Cost / Passenger1l
A cost measure that represents the ratio of totd, yearly operating expenditures over the
yearly total number of unlinked passenger trips. This measure indicates the cost per unit of

output consumed.

* Advantages

This measure has been defined as an "overal performance measure for atrangt system,
combining efficiency (totd operating costs) with the system's effectiveness (passengers)”
(Fielding, Glauthier, and Lave 1977, p. 4; Cervero 1983).

* Factors Affecting Interpretation
This measure does not include operating revenues, thus a system that charges low fares
would gain passengers which would reflect pogtively according to this measure, while having a

poor Revenue / Expenditure ratio.

4. Summary

Five performance measures were selected for use in the performance andysis of rall
trangt sysemsin the US. Not only do each of the five measures reved important information
relating to each of the five mgor facets of trangt performance, each measure is dso well
accepted in exigting performance literature, appearing in no less than twenty-five percent of the
Sudieslisted in Table 3C.

The information presented in this section establishes a basis from which to begin an
interpretation of results of performance measure analyses presented in Chapter V. This section

provides in-depth information concerning the definitions and conceptuad underpinnings of the

11 |n this section the term "Passengers" refersto total unlinked trips. Although totalsfor linked passenger
trips are preferable, those data are not readily available from US Federal Transit Administration sources.
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goplication of performance measuresin exigting literature in addition to aview of the advantages

and difficultiesinvolved in interpreting selected performance measures.

C. Concluson

This chapter reveds that three important ggps exist in the current literature involving rall
trangt system performance in the US. Thefirg isin determining the impact that source and type
of government funding has on trangt system performance. Andyss of the financid information
presented in Chapter | combined with the results of past research on trangt system performance
presented in Chapter |1 suggest that the goas for capita projects are primarily influenced by the
federd government asit isthat level of government which supplies the largest portion of capita
assgtance. For operating assistance, the pictureisfar murkier. The fact that local governments
and individud trangt authorities provide the largest share of operating funding suggests that their
goas may be more readily pursued. Keeping with thisline of reasoning, it therefore would not
be incorrect to expect that local level funding has the greatest impact on system performance.
Disagreement with this conclusion would be difficult but for the fact that alarge share of
operating funding is provided by dedicated sources which have rdaively few performance
requirements attached to them. Exigting research has not fully examined this question, thusit isa
god of thisresearch to drive to determine the impact that dedicated and general revenue
funding have on the performance of individua trangt systems.

Another gap in exiging literature isthat nearly dl of the sudiesfocus on bustrangt. Itis
acknowledged that until recently adequate data for rail transit have not been available, but over
the past severd yearsrail trandt data have been available and till few researchers have raised
the question of the factors that affect the performance of rail trangit syssems. There are severa
reasons for focusing specificaly onrall trangt. Firg, rail trangt systems have become high
profile investmentsin larger urban areas across the US; nearly taking the position of municipd
status symbols, a position that bus trangit is not in. Second, rail transit operates along fixed

routes often traversing numerous jurisdictions. This suggests that the amount of
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interjurisdictional cooperation necessary to establish rail systems is often grester than the amount
necessary for bus trangt systems. These firdt two factors suggest that not only are bus and rail
trangt systems often in competition for limited government funding, but that regions may be
achieving different goas when they choose to construct and operate arail system than they do
by operating a bus system.

A find gap in exiding literature is that trangt system performance has often been viewed
as being chiefly determined by andyzing system usage and financid data. If these were the only
sgnificant determinants then dl systems could achieve optimum performanceif only the right mix
of funding per an established leve of output could be determined. The problem isthat thereis
little agreement asto the leve of output or even what the exact output should be. Current
literature on the subject does not adequately address the impact that political relationships have
on trangt system output by incorporating political information into analyses. This has resulted in
an incomplete understanding of the factors that influence trangt system performance in genera
and, more specificaly, our understanding of rall trangt system performance,

In Chapter 111 the gaps in exidting literature identified in this chapter will be discussed in
greater detail. Chapter I11 contains an explanation and outline of the methods used to conduct

quantitative, datistica research in the area of rall trangt performance.



CHAPTER |11
Methods for Quantitative Analyses

Given the ggpsin the exidting literature that were highlighted in Chapter 11, what is
indicated is anew framework for the analysis of the nature of rall trangt system performance. In
this framework performanceis viewed as being comprised of the following four dimensons:
adminidrative, financid, demographic, and political. Each dimension servesto provide
information about the effect of important performance components. The adminidrative
dimension provides information about adminidrative decisons. The financiad component
provides information concerning the sources and types of funding provided to rail trangt
operators. The demographic dimension is concerned with providing information about demand
for rall trangt. Findly, the palitical dimengon is concerned with providing information about the
rel ationships between locd jurisdictions and their impact on rail trangt system performance.
These four dimensions are interconnected and combine to form amore complete view of rail
trangt system performance than heretofore provided.

Data from each of the four dimensions were gathered to provide ingght into the
following aress.

1. Theimpact of adminigrative decisons that determine vehicle operations and
scheduling and decisions associated with employee compensation packages and scheduling of
work hours.

2. Theimpact of both source (i.e. federd, state, and local) and type (i.e. dedicated vs.
flexible) of funding on rall trangt system performance.

3. Theimpact of local demand for trangit on rall trangt system performance.

4. The nature and impact of interjurisdictiona cooperation and conflict on rall trangt
system performance.

In order to fully understand the impacts of different variables on the performance of rall

trangt systemsin the US, regression anadlysis was conducted to gain amacro level understanding

57
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of the impact of selected independent variables on those dependent variables described in
Chapter Il Section B3b.

A. Regression Analysis

The quantitative research method previoudy referred to is explained in detall in this
section. Modelsfor regression andysis are specified. Also included in this sectionisa
discussion of the results of existing research involving the independent variables discussed
previoudy in this paper; why they are gpplied in the current research, and the understanding
expected to be gained from each.

1. Model Specification

Datafor the five performance measures discussed previoudy in Chapter 1l were
gathered from the Federd Trangt Adminigtration's Data Tables publication over anine-year
period, 1987 - 1995. The five measures served as the dependent variablesin regressons and
include: Operating Cost / Vehicle-Hour (COSTVEH); Vehicle-Hours/ Employee-Hour
(VEHEMP); Vehide-Hours/ Vehicle Max (VEHMAX); Passengers/ Vehicle-Hour
(PASSVEH); and Operating Cost / Passenger (COSTPASS). Definitions and descriptive

gatistics for each of the dependent variables are contained in Table 4.
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Table4
Descriptive Statistics for Dependent Variables Used in Regression Models

Standard

Varigble Name Definition Mean Deviation
Efficiency Indicators
COSTPASS Operating cost per unlinked passenger trip 350 2.56
COSTVEH Operating cost per vehicle revenue hour 196.58 8547
VEHEMP Vehicle revenue hours per employee work hours 0.26 0.10
VEHMAX V ehicle revenue hours per maximum number

of vehicles operated 4648.87 203558
Effectiveness Indicators
PASSVEH Unlinked passenger trips per vehicle revenue hour  73.82 30.76

Eight independent variables were hypothesized to influence the five performance
measures referred to above. These included: the percentage of operating expenditures paid to
employees as wages, sdaries and fringe benefits (PAYROLL), theratio of the number of
vehicles operated in PM peak period to vehicles operated in average base period (PBRATIO),
the percentage of operating funding provided by dedicated sources (TDED), the percentage of
operating funding provided by state sources (TSTATE), the percentage of operating funding
provided by loca sources (TLOCAL), the population dengity of metropolitan areasin which
trangt digricts are located (DENSITY), unemployment rates for metropolitan areas in which
trangt digtricts are located (UNEMP), and the ratio of centra city population to the population
of the metropolitan area in which trangit systems are operated (PDOM) (See Table 5).

Tableb
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Independent Variables For Mode Comparison

|ndependent Variable Definition

PAYROLL Transit employees salaries, wages and fringe benefits
as a percentage of operating costs

PBRATIO Ratio of the number of vehicles operated in PM peak
period to vehicles operated in average base period

TDED Percent of operating subsidies from dedicated sources

TSTATE Percent of operating funding provided by state sources

TLOCAL Percent of operating funding provided by local sources

DENSITY Population density of transit district

UNEMP Unemployment rate in transit district

PDOM Ratio of the population of the central city to the
population of the metropolitan areain which systems
were operated.

Each of the five regresson modds are specified as follows:

Performance Measure = f (PAYROLL, PBRATIO, TDED, TSTATE, TLOCAL,
DENSITY, UNEMP, PDOM)

Multiple Regresson Analyss was used to estimate each model.

Performance Measure = Constant + BjPAYROLL + BoPBRATIO + B3TDED +
BATSTATE + BSTLOCAL + BgDENSITY + B7UNEMP +
BgPDOM + E

2. Results of Exigting Research
I ndependent variables were chosen because each influences performancein a

subgtantial and specific manner. Fird, the adminidrative dimension of atrangt district serves as

an indication of adminidrative decisonmaking. Adminigrative decisonmaking isakey
component of trangt system performance for it isa the level of adminigtration that system
performance must ultimately be addressed, the point where goas and action meet. Potentially
the two most important areas of decisonmaking that administrators face are associated with

employee sdlaries and benefits (PAYROLL) and provison of service (PBRATIO) (Jennings,



Smith, and Traynham 1978 and Wachs 1989), therefore both variables have been included in
the mode s to determine their impact on the performance measures chosen for andyss. Exigting
research indicates that increases in the amount of salaries, wages, and benefits companies or
agencies pay to its employees have a detrimenta impact on the performance of the entity
(Pucher, Markstedt, and Hirschman 1983 and Pickrell 1985). In addition, exiting research
indicates that increases in the peek to base ratio of vehiclesin operation aso has a ddeterious
impact on system performance (Pucher, Markstedt, and Hirschman 1983). Declinesin
performance associated with increasesin peak to base ratio have been attributed to the
presence of employees who are paid, but idle during nonpeak periods when service levels are
low. Thusthesetwo "adminigrative’ variables have been included in this sudy to test the
hypothesis that any increase in either variable has a negative impact on system performance.

Second, the financid dimendion of atrangt district serves as an indication of sources

and types of funding provided to rail trangt digtricts. Research indicates that the greater the
percentage of operating costs supplied by subsidies, the larger the increase in overall costs
(Altschuler, Womack, and Pucher 1981; Anderson 1983; Bly, Webster, and Pounds 1980;
Cervero 1983; Pucher, Markstedt, and Hirschman 1983). The percentage of operating
subsidies provided by state and local sources are included in the model to test the hypothesis
that local subsidies have a greater impact on transt system performance than state subsidies.
The main reason for tegting this hypothessisthat financia involvement is often accompanied by
regulation amed at attaining gods that are less connected with the efficient provision of trangt
service than with the attainment of indirect sociad goals established by federd and Sate
governments (Cervero 1983; Fielding 1983; Wachs 1989). A second reason for testing this
hypothesis is that there exigts little agreement in the literature as to which level of government
subsidy hasthe grestest impact on trangt system performance. A third financid variable, the
percentage of funding from dedicated sources, isaso included in the models. Researchers have
often argued that dedicated funding reduces the incentive for cost control and improvement in

productivity by locd trangit providers (Pucher, Markstedt, and Hirschman 1983). This question
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is especidly important as alarger number of regions turn to tax increases that often serve as
dedicated sources of mass trangt funding.

Third, the demographic dimenson of atrangt district serves as an indication of potentia

trangt usage. Thefirgt demographic variable (DENSITY)) isincluded in the models because
research has shown a strong relationship between population density and ridership, indicating
that increasesin population density result in increased trangt patronage (Newman and
Kenworthy 1989; Pusharev and Zupan 1977; Bernick and Hall 1990; and Frank and Pivo
1995). The second demographic variable, unemployment rate (UNEMP), isincluded in the
models because research has shown a strong relationship between work-related travel and
trangt patronage (Cervero 1989; Pushkarev and Zupan 1977). Thus the unemployment rate of
an area should provide ingght into the local demand for mass trangt.

Fourth, the politicd dimenson of atrandt ditrict serves as an indication of the levd of

interjurisdictiona cooperation or conflict that existiswithin atrangt digrict. Thefind variable
included in the regresson modd s is the regiond political dominance of the centrd city or
(PDOM). This variable represents the ratio between the population of a centra city and the
population of the metropolitan areaiin whichtranst systems are operated. This variable serves
asan indication of the relaive political power of acentrd city with regard to decisons involving
rall trangit service provided to ametropolitan area. Specificdly, intergovernmenta interaction is
necessary to not only plan for, congtruct, and operate rail trangt systems, but also to increase
thelr impact on the existing trangportation system. Research indicates that in order to maximize
aral trandt sysem'simpact, loca jurisdictions must drive to not only integrate rail service with
exiging trangportation services, but dso to increase development dengties near trangit stations,
thereby increasing the demand for rail trangt (Bernick and Cervero 1997). The integration of
trangt-oriented development (TOD) designsinto loca land use planning has recently gained
much recognition in planning literature and is often referred to as being a necessary component
of increasing the impact of rail trandt sysemsin the US (Cdthorpe 1993). The integration of

local land use and regiona trangportation planning requires extensive cooperation among the
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jurisdictions through which rall trangt systems operate. The degree to which cooperation or
conflict exists between loca jurisdictions with respect to regiona transportation planning plays
an important role in increasing the impact of rall trangt sysems. The incluson of avariable
designed to indicate the political dominance of the centra city compared to the remainder of the
metropolitan area therefore provides important ingght into the role of palitical relaionshipsin the

operating performance of rall trangt systems.

3. Expected Results
Expected results of regresson andyses are included in Table 6. A discussion of and

explanation for expected results are presented in the sections that follow.

Table 6 Expected Results of Regression Analyses

Expected relationships between performance measures and independent variables.

Independent Performance Measures

Variables COSTVEH COSTPASS VEHEMP VEHMAX PASSVEH
PAYROLL postive postive negative negative postive
PBRATIO postive postive negative negative postive
TDED postive postive negative negative negative
TSTATE postive postive negative negative negative
TLOCAL negative negative postive postive postive
DENSITY negative negative postive postive postive
UNEMP postive postive negative postive negative
PDOM negative postive postive postive negative
a. Cost per Vehicle Hour of Service

COSTVEH = Constant + BjPAYROLL + BoPBRATIO + B3TDED + B4TSTATE
+ BsTLOCAL + BgDENSITY + B7UNEMP + BgPDOM + E

PAYROLL



In this case the hypothesis tested is thet there is a pogitive relationship between the
percentage of atranst property's budget paid out to employees as saaries, wages and fringe
benefits and the trangt system'’s costs per vehicle hour of service. A main reason for this
expected result is that increases in employee compensation have a direct and positive impact on
operating costs, while vehicle hours of service may ether remain stable or increase more dowly
than associated cods. Thusit is expected that an increase in trangt system's PAYROLL results

in arate of increase in operating costs that outpaces increases in vehicle hours of service.

PBRATIO

The hypothesis tested here is that a positive relationship exists between the retio of the
number of vehicles operated during peak periods and those operated during an average base
period and atrangt system's costs per vehicle hour of service. The reasonfor this expected
result isthat any increase in the ratio between vehicles operated during peak and base periods
necessarily results in increases in the maximum number of vehicles operated and the number of
full-time equivaent employees necessary to operate such vehicles. Anincreasein the peak to
base ratio resultsin only amargina increase in the number of vehicle hours of service supplied,
while al other factors associated with system operations increase, thus operating costs increase

at afaster rate than vehicle hours.

TDED and TSTATE

This research tests the hypothesis that a positive relationship exists between the
percentage of operating funding provided by ether dedicated or state sources and a trangit
system'’s codts per vehicle hour. The main reason for this expected result is that funding from
both dedicated and state sources is often targeted in areas of operations that are not associated
with improving system efficiency. On the contrary, increases in the amount of funding from

sources that are outside of aregion are often directed toward employee's compensation or
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other activities not directly related to the efficient or effective provision of public trangt service,
Such actions necessarily result in increasesin system operating costs that outpace increasesin

vehicle hours of sarvice

TLOCAL

This research tests the hypothesis that a negative relationship exists between the
percentage of operating funding provided by loca sources and atransit system's costs per
vehicle hour. The main reason for this expected result isthat loca policies are more readily
identifiable by the public and thus more likely to be connected with the efficient provision of
sarvice. Thusit is hypothesized that increases in the percentage of locd funding result in

increasesin vehicle hours that outpace related increases in operating costs.

DENSITY

In this instance the hypothesisis that a negative relaionship exists between densty
increases dong arail syslem's routes and the transit system's costs per vehicle hour of service.
A main reason for this expected result is that as dengity increases peak periods expand, both in
sze and duration. The lengthening of the duration of peak periods resultsin arate of increasein
the number of vehicle hours that outpaces associated increases in operating costs. Thisresult is
mainly due to the necessity of employing full-time employees who are necessary to meet pesk-
period demand for service, but who are not providing service and are paid during off- peak
periods. Thus as the duration of pesk periods expands existing employees are available to meet
demand, resulting in the ability of trandt sysems to increase vehicle hours with rdatively little

increase in operating coss.

UNEMP
The hypothesis here is that a pogtive relationship exists between the locdl

unemployment rate and atrangt system's costs per vehicle hour of service. A main reason for



82

this expected result is that as unemployment increases, the number of trips taken decreases. As
mentioned in the previous section, the largest percentages of trips made on public trangportation
arework-related. It istherefore expected that when unemployment increases, systems reduce
the number of vehicles operating during peek periods, which resultsin adecreasein overdl
vehicle hours of operation. System costs, which to alarge extent are dependent upon
employee salaries, dso decrease, but a adower rate than vehicle hours of service. Thetime
gap that exists between increased unemployment, decreased vehicle hours of service, and the
laying off of system employees resultsin the negative impact that increased unemployment has
on system cogt per vehicle hour of service. Thisisespecidly true for larger trangt operators

who must negotiate with powerful employee unions.

PDOM

The hypothesis here is that a negative relationship exists between the population of a
centrd city relive to the population of an entire metropolitan areain which arall trangt system
operates and the trangit system's per vehicle hour operating costs. Specificdly, the more
dominant acentrd city is, the more likely it is that intermetropolitan cooperation exigts, resulting
in gregter integration of al forms of public trangt within the metropolitan area. Assmdler,
outlying cities encourage the expangion of rail lines and service within their jurisdictions, therise

in the total number of vehicle hours of service outpaces the rise in associated operating costs.

b. Cost per Passenger

COSTPASS = Constant + B{PAYROLL + BoPBRATIO + B3TDED + B4TSTATE
+ B5TLOCAL + BgDENSITY + B7UNEMP + BgPDOM + E

PAYROLL
The hypothesis here is that a pogitive relationship exists between the percentage of a
trangt system's operating costs paid to employees as sdaries, wages and fringe benefits and the
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system's costs per passenger trip. One major reason for this expected result is that increasesin
the percentage of operating costs paid to employees as wages, saaries and fringe benefits
usudly indicate and increase in trandt system operating costs, while having rdaively little impact
on the tota number of passenger trips.

PBRATIO

In this case the hypothesis is that a positive relaionship exists between the ratio of the
number of vehicles operated during peak periods and the number operated during base periods
and atrangt system's codts per passenger trip. Although alarger peek to base ratio indicates an
overal increase in passenger trips, it o indicates an increase in system cogts associated with
increases in employee hours. As the number of employee hours increases so too do associated

operating costs and due to the absence of split shifts, increased costs outpace ridership gains.

TDED and TSTATE

The hypothesisis that a positive relationship exists between the percentage of operating
funding from dedicated or state sources and atrangt system's costs per passenger trip. The
reason for this expected result is that funding from outside sources is often used for service-
related expenses which may have little impact on the total number of passenger trips relative to
expenditures, thus thereis a potentia for costs to increase a a greater pace than passenger
trips. In addition, such outside funding is frequently directed toward employee compensation
that also tends to increase the ratio between operating costs and passenger trips.

TLOCAL
In this case the hypothesisis that a negative relationship exists between the percentage

of operating funding provided by local sources and atranst system'’s costs per passenger. The



local eectorate more closdy scrutinizes loca sources of funding; therefore locd officids are
more likely to use such funding in amore efficient manner. Many see tha getting more for the
same codt isasgn of good management. As the percentage of total operating funding that
comes from local sources increases, trangit operators are more likely to pursue policies that

strive to decrease the ratio between operating costs and passenger trips.

DENSITY

The hypothesisin this case is that a negative relaionship exists between the population
dengity in an area served by rall trangt and atrangit system's costs per passenger trip. Higher
population dengties cause congestion on loca roadway's that often results in increased trangit
usage. Although anincrease in trangt usage will likely result in increased operating cos,

increases in passenger trips outpace cost increases.

UNEMP

In this instance the hypothesisis that a positive relaionship exists between the local
unemployment rate in aregion in which atrangt system operates and the system's costs per
passenger. As the unemployment rate increases the number of passenger trips decreases, as
most are work-related. The time necessary to adjust system costs, mainly by reducing service
and sysem employment, results in cogts remaining relatively stable while the number of

passenger trips declines,

PDOM

The hypothesisisthat a pogtive relationship exists between the ratio of centrd city
population relative to the population of an entire metropolitan areain which arall trangt system
operates and the system's per passenger operating costs. This expected result is due mainly to
the expansion of serviceinto less densely populated areas outside of the urban core. Although
expanding service in jurisdictions outsde of the urban core is potentidly politicaly beneficia and



can heighten a system's regiona impact through increased overdl ridership, such expansons

frequently result in arate of increase in operating cods that outpacesthe rate of increasein

passenger trips.

c. Vehicle Hour per Employee Hour

VEHEMP = Congtant + BjPAYROLL + BoPBRATIO + B3TDED + B4TSTATE
+ BSTLOCAL + BgDENSITY + B;UNEMP + BgPDOM + E

PAYROLL

The hypothesis here is that a negetive rdationship exists between the percentage of
operating costs paid to employees as wages, sdaries and fringe benefits and the ratio between
vehicle hours and employee hours. One reason for this expected result isthat an increase in
PAYROLL serves as an indication that either employees sdaries are increasing for the same
amount of work, measured in hours, or that PAYROLL isincreasing because existing
employees are working more hours. While both can occur individualy or smultaneoudy, only

in the second ingtance is vehicle hour per employee hour affected.

PBRATIO

The hypothesis tested in this case is thet there is a negative relationship between the
ratio between vehicles operated during pesak periods to vehicles operated in an average base
period and atrangt system's vehicle hours per employee hours. A main reason for this
expected result isthat an increase in the number of vehicles operating during pesk periods
resultsin an increase in the number of drivers necessary to operate the vehicles. The greater the
peak to base ratio, the greater the increase in drivers, measured in terms of employee hours,

necessary to meet peak period ridership demands. Meanwhile, off-peak ridership and
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corresponding service measured in terms of vehicle hours, remains relaively congtant, resulting

in fewer vehicle hours per employee hours.

TDED and TSTATE

In this ingtance the hypothesis is that a negative relationship exigts between the
percentage of operating subsidies provided by either dedicated or state sources and the ratio
between vehicle hours and employee hours. One reason for this expected result is that while
both sources of funding are frequently applied to increase the overdl amount of service atrangt
property provides, such service increases tend to target peak periods. Increasesin peak period
service result in increases in both vehicle and employee hours, but during off- peak periods
employee hours continue, while service, measured in vehicle hours, lessens. Therefore, an
increase in either dedicated or state sources of funding has a negetive impact on this
performance measure.
TLOCAL

For this variable, the hypothesisis that a positive relationship exists between the
percentage of operating funding provided by loca sources and the ratio between vehicle hours
and employee hours. One reason for this expected result is that funding from local sources
results in amore efficient use of employees and amore efficient provison of service. An
increase in the percentage of funding provided by loca sources therefore resultsin amore
evenly digtributed rate of increase in both peak and off- pesk service, further resultingin a

correspondingly smaller increase in employees and employee hours.

DENSITY

In this case the hypothesisis that a positive relaionship exists between the population
dengty of an areain which arall trangt system is operated and the ratio between vehicle hours
and employee hours. The primary reason for this expected result isthat an increasein

population dengity resultsin an increase in the tota amount of service necessary to meet
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demand. Higher densties not only assst in expanding demand for pesk-period service, both in
terms of Sze and duration, but also demand for off- peak service. Theresultisan increasein
both peak and non-peak service provided, measured in vehicle hours, which outpaces increases

in the number of employee hours associated with enhanced service.

UNEMP

The hypothesis for this variable is that a negative relationship exigts between the
unemployment rate of an areain which arall trangt system is operated and the ratio between
vehicle hours and employee hours. A main reason for this expected result isthat asthe
unemployment rate increases, ridership, which islinked to work-related trips, decreases. As
ridership decreases, service also decreases. The key hereisthe timing of the decreasein
employee hours that correspond to decreased service. Decreasesin service often occur at a
faster pace than decreases in employee hours, thus an increase in the loca unemployment rate

resultsin fewer vehicle hours per employee hours.

PDOM

For this variable the hypothesisis that a positive relationship exists between the centra
city's population relative to the population of a metropolitan arealin which arall trangt sysemis
operated and the ratio of vehicle hoursto employee hours. The explanation for this expected
result is that increased center city dominance results in grester intermetropolitan cooperation,
which, inturn, resultsin greater integration of al types of trangt service. Rail service, measured
in vehicle hours of operation, subsequently increases, especidly with respect to off- peak
sarvice. Off-peak service requirements are readily met by existing employeeswho are
necessary to meet peak period service requirements, with the result being vehicle hours of

service increasing a afaster rate than employee hours.

d. Vehicle Hour per Vehicle Operated in Maximum Service



VEHMAX = Constant + BjPAYROLL + ByPBRATIO + B3TDED + B4TSTATE
+ B5TLOCAL + BgDENSITY + B7UNEMP + BgPDOM + E

PAYROLL

The hypothessin this case isthat a negative relationship exists between the percentage
of operating costs paid to employees as wages, sdaries and fringe benefits and atrangt system'’s
vehicle hours per vehicle operated in maximum service. A main reason for this expected result
isthat anincreasein PAYROLL indicates an increase in payment to employees. Such an
increase in atrangt property's payroll may be attributed to increased employee compensation or
increased service, measured in vehicle hours. Since alarge percentage of service increases
result from properties meeting pesk hour travel demand, it is probable that such service
increases result in an increase in the number of vehiclesin operation. Again, when considering
peak/off-peak service, increases in employee hours result from increases in the number of
vehicles operated during peak hours rather than increases in the totd number of vehicle hours of
operation. Therefore increasesin PAYROLL indicate arate of increase in the maximum
number of vehicles operated that outpaces increases in the tota number of vehicle hours of
operation.

PBRATIO

It is hypothesized that a negative rdationship exists with respect to the ratio between the
number of vehicles operated during peak hours and the number of vehicles operated during an
average base period and the number of vehicle hours per vehicle operated during maximum
sarvice. Anincreasein the local pesk period would result in arate of increase in the total
number of vehiclesin service that is higher than the rate of increase of tota vehicle hours of
operation. Asthe pesk to base ratio increases, the number of vehiclesin operation that are
necessary to meet peak demand increases a afaster rate than the total number of vehicle hours
because of decreased vehicle operations during off- peak periods.



TDED and TSTATE

The hypothesisis that a negetive relationship exigts between the percentage of operating
funding provided by either dedicated or state sources and the number of vehicle hours per
vehicle operated during maximum service. The main reason is as has been stated in previous
sections: funding from sources that are outside the loca decision-making process tend to be
applied without special regard to efficiency concerns. In thisinstance dedicated or ate funding
islikely directed toward expanding peak period service that results in arate of increase in the
maximum number of vehicles operated that outpaces the associated rate of increasein totd
vehicle hours of operation.
TLOCAL

In this case the hypothesisis that a positive relationship exists between the percentage of
a property's operating budget provided by loca sources and the number of vehicle hours per
vehicle operated in maximum service. Again, when funding is provided by loca sources, trangit
properties are operated more efficiently. Thisresultsin an increase in service provided for both
peak and off-peak periods; with fewer vehicles being added during pesk periods and more
vehicle hours of operation added during nor+peak periods.

DENSITY

A positive rdaionship is hypothesized to exist between the population density in a
trangt system's service area and the ratio between tota vehicle hours of operation and the
maximum number of vehicles operated during pesk periods. Again, the greater the population
density in an areq, the greater the number of trips madein an area. Asthe population dengity
increases, peak- periods expand both in size and duration. The key hereis that longer pesk
periods result in ahigher ratio of vehicle hours per vehicle operated during maximum sarvice. In
other words, the maximum number of vehicles operated by atrangit property are operated for
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longer periods, thus the ratio between tota vehicle hours of operation and the maximum number
of vehicles operated during peak periods increases.

UNEMP

The hypothesisis that a pogitive relationship exists between an areds unemployment
rate and the ratio between tota vehicle hours of operation and the maximum number of vehidles
operated during pesk periods. A main reason for this expected result is that ridership during
peak periods, which is primarily work related, decreases as the unemployment rate increases.
The decrease in demand results in afaster rate of decrease in the number of vehicles operated
during peak periods than the rate of decrease in tota vehicle hours of operation that includes
both peak and off-peak vehicle hours.

PDOM

In this case, the hypothesisis that a positive relationship exists between the ratio of
centra city population to the population of metropolitan areasin which arail trandt system
operates and the total vehicle hours of operation per maximum number of vehicles operated
during peak periods. The explanation for this expected result is once again due to the expansion
in off-peak service. The number of vehicles necessary to provide service during pesk periodsis
generdly determined by demand generated by metropolitan cores. The greater a centrd city's
politica dominance in ametropolitan area, the greater the level of cooperation between
individud jurisdictions, resulting in agreeter integration of rail trandit service with other forms of
mass trangt. The greater the intermetropolitan cooperation, the more likely it isthet rail service,
epecidly off-peak service, will beincreased in areas outsde of the urban core, resulting in a
rate of increase in the total number of vehicle hours of operation thet is faster than theincreasein

the maximum number of vehicles operated during peak periods.

e. Passengers per Vehicle Hour
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PASSVEH = Constant + BjPAYROLL + BoPBRATIO + B3TDED + B4TSTATE
+ B5TLOCAL + BGDENSITY + B7UNEMP + BgPDOM + E

PAYROLL

It is hypothesized that a pogitive reationship exists between the percentage of atransit
property's operating costs paid to employees as sdaries, wages and fringe benefits and the
number of passengers per vehicle hour of service. A main reason for this expected result is that
anincrease in PAYROLL islikely in response to an increase in peak period service. Pesk
period service expansion results in an increase in the number of vehicles operated, and an
increase in the total passengers carried, but has a rdatively minor impact on tota vehicle hours
of service. Therefore, increasesin PAYROLL reflect the impact of increasesin the demand for
trangt, measured in terms of passengers, which is greater than increases in the supply of trangt,

measured in terms of vehicle hours.

PBRATIO

In this ingtance the hypothesisis that a positive relationship exists with respect to the
ratio between the number of vehicles operated during peak periods and the number of vehicles
operated during a base period and the number of passengers per vehicle hour of service. A
main reason for this expected result is that the increase in demand, measured in terms of
passenger trips, that causes peak period expanson increases the number of vehicle hours of
service during pesk periods while demand remains relaively unchanged during non-peak
periods. Thus an expansion of the peak to base ratio indicates alarger increase in passenger

trips than vehicle hours of service.

TDED and TSTATE
The hypothess here is that a negative relationship exists between the percentage of
operating subsidies provided by dedicated or state sources and the number of passengers per
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vehide hour of service. Again, funding from outside of the local decisonmaking processis
generdly gpplied with little condgderation of itsimpact on the efficient operation of sysems. An
increase in service, whether peak or base period, that is not in reponse to anincrease in
passenger demand resultsin an increase in totd vehicle hours of service, while the tota number

of passenger trips remains relatively congtant.

TLOCAL

In this case the hypothesisis that a positive relationship exists between the percentage of
a property's operating budget provided by local sources and the number of passengers per
vehicle hour of service. Again, the greater the portion of operating funding provided from within
the loca decisonmaking process, the more likely it isthat rail trandt operators will be
concerned with the efficient and effective gpplication of the funds. Rather than Smply increasing
the leve of service with little regard to the efficiency connected with such adecison, locd trangit
operators are more likely to increase service only if such an increase is necessary because of

exiging demand for trangt.

DENSITY

In this case the hypothesis is that a positive relationship exists between the population
dengty in atrangt system's service area and the number of passengers per vehicle hour of
service. Population densities, and corresponding congestion, are important determinants of the
demand for masstrangt. If the population dengty of an area increases, the number of
passengers demanding service increases, with the greatest increase in demand occurring during
peak periods. Asdensity increases, demand during both peak and non-peak periods increases,
but non-peak period demand increases at a much dower rate than peak-period demand. The
result is that the total number of passenger tripsincreases at afagter rate than totad vehicle hours

of sarvice



UNEMP

The hypothesis here is that a negetive rdationship exists between the unemployment rate
in an areawhere rail transt systems are operated and the number of passengers per vehicle hour
of service. Therationde behind this expected result is very smilar to that employed when
thinking about dengity, only in reverse. The grester the unemployment rate in an area, the fewer
work-related trips made. Fewer work-related trips result in adecrease in demand for mass
trangit, thus fewer passenger trips. Again, it is necessary to consider the relative rates of decline
between supply of and demand for trangt. Changesin the supply of trandt service are generdly
made in response to the demand for trangit, thus decisions associated with changing the supply
of trangt often lag behind demand. Another consderation isthat trangt users generaly do not
respond to an over supply of trangt asthey do to an under supply of transt, the latter usualy
evoking a much more immediate and voca response. Thus an increasein the locd
unemployment rate results in a decrease in the number of passengers that both precedes and

outpaces the corresponding decrease in the number of vehicle hours of service provided.

PDOM

The hypothesisisthat a negative relationship exists between the ratio of centrd city
population to the total population of metropolitan areas in which arail trandt system is operated
and the number of passengers per vehicle hour of service. Again, increased intermetropolitan
cooperation resulting from the greater dominance of a centrd city resultsin increased rail trangt
service, epecidly off-peak service. Serviceincreasesin areas outside of the centrd city, where
population dengties are far lower than those in the urban core, result in arate of increase of

vehicle hours of service that is larger than the corresponding rate of increase in passenger trips.

4. Intermodal and Intramoda Comparison
The main objective of the regressonsisto explain the variability in the values of each
performance measure among the many heavy and light rall trangt sysemsin the US. Dueto the



many differencesthat exist among different types of rail transit, it was necessary to separae
systems by type: commuter, heavy, and light. Upon further comparison of system ownership,
management, routing and genera organization, physicd, financia, and bureaucrdtic, it dso
became apparent that commuter rail trangt should not be included in comparisons. Not only
does the operation of commuiter rail trangt systems frequently involve numerous jurisdictions,
private, Sate, regiond, county, and locd, the adminigtration, financing, and especidly the gods
associated with the operation of commuter rail systemsis far too complex to be included in the
current research which primarily concentrates on the administration of individud rall trangt
operations within closdly related metropolitan areas or specific regions. Therefore, results of
regression models from data obtained for only two types of rail trangt: heavy and light are
presented in Chapter 1V.

B. Conclusion

The importance of Chapter 111 isnot only in the specification of regresson models, but
aso the outline of aframework through which the relationship between important factors and
rall trangt system performance may be observed and understood. In this framework rail system
performance is separated into four dimensions: administrative, financia, demographic, and
political. Independent variables were chosen as representative of each dimension and included
in the modds to reved unique ingght into the nature of rall trangit performance. Each dimension
has been outlined and discussed in detall; including a discusson of how to interpret results of
regresson models. Findly, expected results of each regresson modd were presented
according to results of past research and the understanding of performance developed through
thisresearch. In thisway, results presented in Chapter 1V of this paper will not only serveto
strengthen the established understanding of the factors that affect trangit performance, but so
to expand understanding to include the nuances associated with interpreting the performance of

rall trangt systems.
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Chapter IV contains the results of regresson models specified in this chapter. The
impact of variables representing the four dimensions of rall trangt performance is determined
and interpreted followed by a discussion of the nature of rail trangit performance given results of
regressons. Thefina section of Chapter 1V contains a discussion of what has been learned
through this research and the direction research should follow in order to gain an even greater

understanding of rail trangt system performance than currently available.



CHAPTER IV

Regression Results

Presented in the following chapter are results of regression anadyses conducted using
datafrom al heavy and light rail trangit propertiesin the US, 1987 - 1995. In the first section,
A, results of regressions run for both types of rall trangt systems, heavy and light, are presented.
The results of each regression are discussed, with specid attention paid to the relationship
between the independent variables and the performance measures identified and discussed in
previous chapters. Also included in section A, following the discussion of the results of each
modédl, is a short discussion concerning whether or not the hypotheses stated in Chapter 111
were proved or disproved. Presented in the second section, B, is a discussion of the macro-
level understanding gained from the interpretation of regression results concerning the nature of

rall trangt performance in the US.

A. Regression Results By Type of Rail System: Heavy and Light

Presented in this section are results of ten regresson models, two for each of the five
indicators used to measure the performance of heavy and light rall trangt systemsin the US.
Theimpact of datisicaly sgnificant independent variables in each modd is explained followed
by ashort discussion of whether or not the results were expected. The fina portion of each
section contains an explanation of what an unexpected result indicates about the impact of the
specific independent variable on the performance measure included in the model presented at
the beginning of the section.

81
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1. Cost per Vehicle Hour of Service (COSTVEH)

COSTVEH = Constant + B{PAYROLL + BoPBRATIO + B3TDED + B4TSTATE
+ B5TLOCAL + BgDENSITY + B7UNEMP + BgPDOM + E

Figure4.1
COSTVEH
Heavy Rail Light Rail

Number of obs. 81 60
R-squared 0.337 0.503
Adj R-squared 0.264 0.425

Coef. Std. Err. t P>|t| Coef. Std. Err. t P>|t|
PAYROLL -299.519( 67.774| -4.419| 0.000 -163.334| 62.493] -2.614| 0.012
PBRATIO 8.731| 4.226| 2.066| 0.042 11.344( 12.024] 0.943| 0.350
TDED 70.399| 28.427| 2.477| 0.016 65.636| 30.699 2.138 0.037
TSTATE 117.336| 40.495| 2.898 0.005 108.261| 57.880 1.870| 0.067
TLOCAL -22.083| 31.907| -0.692| 0.491 32.986| 38.893 0.848| 0.400
DENSITY 0.016( 0.010] 1.629| 0.108 0.067 0.019] 3.538| 0.001
UNEMP 8.834| 3.496| 2.527| 0.014 -11.087 5.568) -1.991| 0.052
PDOM -134.713| 92.817( -1.451] 0.151 -132.953( 88.083] -1.509| 0.137
Heavy Ral

The results of the mode for heavy rall indicate that the coefficients of five variables were
datigticadly sgnificant a the 0.05 level. The variables represented the percentage of operating
costs paid out to employees as sdaries, wages and fringe benefits, the ratio of vehicles operated
during peak periods to those operated during an average base period, the percentage of
operating funding provided by dedicated sources, the percentage of operating funding provided
by gtate sources, and the unemployment rate in the metropolitan areas in which heavy ral trangit
systems were operated.

Only the 9gn of the coefficient of PAYROLL was negative indicating thet a decreasein
the percentage of operating costs paid out to employees as sdaries, wages and fringe benefits
resulted in an increase in the hourly cost of operating a heavy rall vehicle.



The 9gns of the remaining four Sgnificant coefficients were positive indicating that
increases in theratio of vehicles operated during peak periods to those operated during an
average base period (PBRATIO), the amount of funding from dedicated (TDED) or state
(TSTATE) sources, or an increase in the loca unemployment rate (UNEMP) resulted in an

increase in the hourly operating cost of heavy rail trangt vehiclesin the US.

Figure 4.1A
Reationship between performance measure and independent variables.

Performance Measure: COSTVEH

Vaidle Reationship Expected Unexpected
payrall negative X
pbratio positive X

tded positive X

tstate positive X

unemp positive X

Of those gatigticaly sgnificant variables, only the sgn of PAYROLL was negetive and
unexpected, indicating that an increase in the percentage of operating costs paid out to
employees as salaries, wages and fringe benefits resulted in arate of increase in the tota vehicle
hours of service that was higher than the rate of increase in operating costs. The sgns of the
coefficients of the remaining satistically sgnificant variables were as expected.

Lignt Rail

The results of the modd for light rail indicate that the coefficierts of three variables were
datistically sgnificant a the 0.05 level. The variables represented the percentage of operating
costs paid out to employees as sdaries, wages and fringe benefits, the percentage of operating
funding provided by dedicated sources, and the population density of the metropolitan areasin
which light rail systems were operated. Two variables were satistically sgnificant a the 0.1
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level; the percentage of operating funding provided state sources, and the unemployment rate of
the metropolitan areasin which light rail systems were operated.

The positive Signs of the coefficients of TDED, TSTATE and DENSITY indicate that
an increase in their vaues resulted in an increase in the average hourly cost of operating alight
ral vehiclein the US. The negative signs of the coefficients of PAYROLL and UNEMP
indicate that an increase in the value of either resulted in a decrease in the average hourly cost of

operaing alight rail vehiclein the US,

Figure 4.1B
Reationship between performance measure and independent variables.

Performance Measure: COSTVEH

Vaidle Reationship Expected Unexpected
payrall negative X
tded positive X

tstate positive X

density positive X
unemp negative X

In this case, the relationship between operating cost per vehicle hour (COSTVEH) and
the percentage of operating funding provided by dedicated (TDED) and state (TSTATE)
sources was as expected: podtive. The sgns of the coefficients of PAYROLL, DENSITY and
UNEMP were unexpected. The negative relationship between COSTVEH and PAYROLL
may indicate that an increase in the percentage of atrandt property's operating costs paid to
employees as wages, sdaries and fringe benefits resulted in arate of increase in the total vehicle
hours of service that was higher than the rate of increase in operating costs. The positive
relationship between operating cost per vehicle hour of serviceand DENSITY indicates that the
per-hour cogts of operating alight rall vehicle are greater in higher dengty regions. This may be

aresult of higher loca wage rates in more dense areas. The negative rationship between
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COSTVEH and UNEMP may indicate that an increase in the unemployment ratein
metropolitan areas resulted in a decrease in the maximum number of vehicles operated. This
result may be as aresult of the nature of peak and base service requirements, where a decrease
in the maximum number of vehicles operated resultsin decreases in employee-rel ated operating

costs that outpace decreasesin vehicle hours of service provided.
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2. Operating Cost / Passenger (COSTPASS)

COSTPASS = constant + B,PAYROLL + B,PBRATIO + B,TDED + B,TSTATE +
BsTLOCAL + BsDENSITY + B,UNEMP + BgPDOM + Error

Figure 4.2
COSTPASS
Heavy Rall Light Rail
Number of obs. 81 60
R-squared 0.425 0.141
Adj R-squared 0.361 0.006
Coef. Std. Err. t P>|t| Coef. Std. Err. t P>[t|

PAYROLL | -3.137| 0.930 -3.374( 0.001 -2.317| 4.428 -0.523 0.603

PBRATIO 0.102| 0.058 1.752| 0.084 -0.592| 0.852 -0.695( 0.491

TDED 1.094( 0.390 2.805| 0.006 3.101| 2.175 1.425| 0.160

TSTATE 0.304| 0.556 0.546( 0.587 3.861| 4.101 0.941| 0.351

TLOCAL -0.326| 0.438 -0.746( 0.458 1.049| 2.756 0.381| 0.705

DENSITY 0.000( 0.000 -0.201 0.842 0.000{ 0.001 0.294 0.770

UNEMP 0.205| 0.048 4.278| 0.000 -0.577| 0.395 -1.463| 0.150
PDOM 0.032| 1.274 0.025| 0.980 4.891| 6.242 0.784| 0.437
Heavy Rall

The results of the mode for heavy rail indicate that the coefficients of three variables
were datigtically sgnificant at the 0.05 level. The variables represented the percentage of
operating costs paid out to employees as salaries, wages and fringe benefits (PAYROLL), the
percentage of operating funding provided by dedicated sources (TDED), and the unemployment
rate of the metropolitan areas in which light rail sysems were operated (UNEMP). The
coefficient of the variable representing the ratio of vehicles operated during peak periodsto
those operated during an average base period (PBRATIO) was sgnificant at the 0.1 level.

The positive Sgns of the coefficients of PBRATIO, TDED and UNEMP indicate that an
increase in their values resulted in an increase in the yearly average operating cost per heavy rall

passenger inthe US. The negative Sgn of the coefficient of PAYROLL indicatesthat a
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decreasein its vaue resulted in an increase in the average operating cost per heavy ral

passenger inthe US.

Figure 4.2A
Reationship between performance measure and independent variables.

Performance Measure COSTPASS

Vaiadle Reationship Expected Unexpected
payrall negative X
pbratio positive X

tded positive X

unemp positive X

The sgns of the coefficients of three satidticaly significant variables were positive and
expected: the ratio of vehicles operated during peak periods to those operated during an
average base period (PBRATIO), the percentage of operating funding provided by dedicated
sources (TDED), and the unemployment rate of the metropolitan areasin which arail systems
were operated (UNEMP).

The sign of the coefficient of the variable representing the percentage of atransit
property's operating costs paid to employees as sdaries, wages and fringe benefits
(PAYROLL) was unexpected. The unexpected sign of PAYROLL indicates that increasesin
the percentage of operating costs paid to employees resulted in arate of increase in passengers
that outpaced increases in operating costs. One possible explanation for thisresult isthat an
increase in PAYROLL indicates an increase in service-related employee hours. Increasesin
service may then result in arate of increase in the number of passengers that outpaces

associated increases in operating costs.
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Light Rail

The results of the modd for light rail indicate that none of the coefficients of any of the
independent variables were datisticaly sgnificant. This result indicates that the average
operating cost per light rail trangt passenger is not sgnificantly related to changesin any of the
independent variables chosen for indusion in the modd.

3. Vehicle Hour per Employee Hour (VEHEMP)

VEHEMP = Congtant + BjPAYROLL + BoPBRATIO + B3TDED + B4TSTATE
+ BSTLOCAL + BgDENSITY + B;UNEMP + BgPDOM + E

Figure 4.3
VEHEMP
Heavy Rail Light Rail

Number of obs. 80 60
R-squared 0.31 0.408
Adj R-squared 0.232 0.315

Coef.  Std. Err. t P>|t| Coef. Std. Err. t P>|t|
PAYROLL 0.277| 0.087 3.195[ 0.002 -0.197| 0.097 -2.033( 0.047
PBRATIO -0.012| 0.005 -2.275( 0.026 -0.011| 0.019 -0.582| 0.563
TDED -0.078| 0.037 -2.124( 0.037 -0.073| 0.048 -1.529( 0.132
TSTATE -0.222| 0.051 -4.369( 0.000 -0.091| 0.090 -1.008 0.318
TLOCAL -0.032| 0.040 -0.785( 0.435 -0.021| 0.060 -0.351 0.727
DENSITY 0.000| 0.000 0.129| 0.898 0.000| 0.000 -1.972| 0.054
UNEMP 0.000( 0.004 -0.078 0.938 0.009 0.009 1.097| 0.278
PDOM -0.026| 0.117 -0.219( 0.827 0.304 0.137 2.220[ 0.031
Heavy Ral

The results of the modd for heavy rall indicate that the coefficients of four variables
were gatigticdly sgnificant at the 0.05 level. The variables represented the percentage of
operating costs paid out to employees as sdaries, wages and fringe benefits (PAYROLL), the
ratio of vehicles operated during peak periods to those operated during an average base period
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(PBRATIO), and the percentage of operating funding provided by dedicated (TDED) and state
(TSTATE) sources.

The positive Sgn of the coefficient of PAYROLL indicates that an increase in the
percentage of operating costs paid out to employees as wages, sdaries and fringe bendfits
resulted in an increase in the number of vehicle hours of operation per employee hour. The
negative signs of the coefficients of PBRATIO, TDED and TSTATE indicate thet an increasein

their values resulted in a decrease in the number of heavy rail vehicle hours per employee hour.

Figure 4.3A
Reationship between performance measure and independent variables.

Performance Measure VEHEMP

Vaiadle Reationship Expected Unexpected
payrall positive X
pbratio negative X

tded negative X

tstate negative X

The signs of the coefficients of three varigbles, PBRATIO, TDED, and TSTATE, were
negetive and expected, while the Sgn of the coefficient of PAYROLL was positive and
unexpected. This result indicates that an increasein PAYROLL resulted in arate of increasein
the number of vehicle hours of operation that outpaced any increase in employee hours. Such a
result islikely atributable to increases in off- peak, rather than peak, period service. A main
reason for this conclusion is that increases in peak period service result in increasesin the
number of vehicle operators, associated employee hours and vehicle hours of operation, such
increases generdly result in increases in employee hours that outpace increases in vehicle hours.
Full-time employees are hired, while vehicles are operated only when necessary during pesk
periods. That isthe opposite of what has occurred here. In this case what has happened is that
as the percentage of heavy rail trangt properties budgets paid out to its employees has
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increased, the number of vehicle hours has increased faster than the number of employee hours,

thus indicating that increases in PAYROLL were related to increases in off- peak service.

Light Rail

The results of the mode for light rail indicate that the coefficients of two variables were
daidticaly sgnificant a the 0.05 level. The variables represented the percentage of atrangit
property's operating costs paid to employees as sdaries, wages and fringe benefits
(PAYROLL) and theratio of centra city population to the population of the metropolitan area
(PDOM). The coefficient of the variable representing the population density of the metropolitan
areas in which systems are operated (DENSITY) was datidtically sgnificant at the 0.1 levd.

The negative signs of the coefficients of PAYROLL and DENSITY indicate that an
increase in ether the percentage of operating costs paid out to employees as sdaries, wages
and fringe benefits or the population dengity of the metropolitan areas in which sysems were
operated resulted in a decrease in the number of light rail vehicle hours per employee hour.

The positive Sign of the coefficient of PDOM indicates that an increase in the ratio of
central city population to the population of the metropolitan arearesulted in an increasein the

ratio of light rail vehicle hours to employee hours.

Faure 4.3B
Reationship between performance measure and independent variables.

Performance Measure VEHEMP
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Vaiade Reationship Expected Unexpected
payroll negative X

density negative X
pdom positive X

The signs of the coefficients of two variables, PAYROLL and PDOM were as
expected, while the sign of the coefficient of DENSITY was unexpected. One possible
explanation for the unanticipated negeative sign of the coefficient of DENSITY isthat an increase
in the dengity of a metropolitan arearesultsin an increase in the Size of the peak period that
outpaces any increases in the duration of the peak period. If thisisthe case, the result would be
arate of increase in the number of employee hours that outpaces the associated rate of increase
in vehicle hours of service and thus a negative relaionship between dendty and theratio of

vehicle hours to employee hours.



4. Vehicle Hour per Vehicle Operated in Maximum Service (VEHMAX)

VEHMAX = Congtant + BiPAYROLL + BoPBRATIO + B3TDED + B4TSTATE

+ BSTLOCAL + BgDENSITY + B;UNEMP + BgPDOM + E
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Figure 4.4
VEHMAX
Heavy Rail Light Rail

Number of obs. 81 60
R-squared 0.649 0.242
Adj R-squared 0.61 0.123

Coef. Std. Err. t P>|t| Coef. Std. Err. t P>t
PAYROLL 2874.662| 714.107| 4.026( 0.000 -207.385| 1032.551| -0.201| 0.842
PBRATIO -389.498 44.529| -8.747| 0.000 -220.552 198.667| -1.110[ 0.272
TDED -844.071| 299.521 -2.818| 0.006 -640.615 507.234( -1.263| 0.212
TSTATE -1354.482| 426.684| -3.174| 0.002 -1077.529 956.328( -1.127| 0.265
TLOCAL 214.223[ 336.193] 0.637| 0.526 -1066.830 642.618 -1.660| 0.103
DENSITY -0.362 0.102| -3.565| 0.001 -0.205 0.314| -0.651| 0.518
UNEMP -56.767 36.836| -1.541 0.128 -12.887 92.004| -0.140| 0.889
PDOM 2384.492| 977.978| 2.438( 0.017 2527.176| 1455.362( 1.736| 0.089
Heavy Ral

The results of the modd for heavy ral indicate thet the coefficients of Sx variableswere

datigticdly sgnificant a the 0.05 level. The 9x variables represented the percentage of atrangt

property's operating costs paid to employees as sdaries, wages and fringe benefits

(PAYROLL), theratio of vehicles operated during peak periods to those operated during an

average base period (PBRATIO), the percentage of operating funding provided by dedicated

sources (TDED), the percentage of operating funding provided by state sources (TSTATE), the

population dengity of the metropolitan areas in which heavy rail syslems were operated

(DENSITY), and the ratio of centrd city population to the population of the metropolitan area

(PDOM).
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The positive signs of the coefficients of PAYROLL and PDOM indicate that an
increase in their values resulted in an increase in the number of vehicle hours of operation per
vehicle operated in maximum service.

The negative sgns of the coefficients of four variables indicates that an increase in the
peak to baseratio (PBRATIO), percentage of operating funding from dedicated (TDED) or
date (TSTATE) sources, or population dendty of the metropolitan areasin which sysems were
operated (DENSITY) resulted in a decrease in the ratio between the number of hours of heavy

rail vehicle operation and the total number of vehicles operated in maximum service.

Figure 4.4A
Reationship between performance measure and independent variables.

Performance Measure VEHMAX

Vaidle Relationship Expected Unexpected
payrall positive X
pbratio negative X

tded negative X

tstate negative X

density negative X
pdom positive X

While the gns of the coefficients of four variables, PBRATIO, TDED, TSTATE
(negative), and PDOM (positive), were as expected, the Sgns of the coefficients of PAY ROLL
and DENSITY were not.

The positive relationship between PAYROLL and VEHMAX indicates that an increase
in the percentage of operating costs paid to employees as sdaries, wages and benefits resulted
in an increase in the number of hours of operation per maximum number of heavy ral trangt

vehicles operated. Again, the most likely explanation for this unexpected result is that increases
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in PAYROLL were more closely associated with increases in off-peak hour service rather than
peak-hour service.

The unexpected negative relaionship between DENSITY and VEHMAX indicates that
an increase in the population density of ametropolitan areain which heavy rall trangt sysems
were operated resulted in fewer hours of operation per maximum number of heavy rall transt
vehicles operated. Stated another way, the greater the density of a metropolitan area, the larger
the disparity between peak and off-peak hour travel. The greater the disparity between peak
and off-peak travel the greater the disparity between peak and off- peak trandt service, thus the
greater acity's dendty the greater the number of vehicles necessary to meet peak-hour demand.
Meanwhile the level of service necessary to meet off-pesk hour demand ether remains rdatively

constant or increases at amuch dower pace than peak-hour service.

Light Rail

The results of the modd for light rail indicate that only the coefficient of one variable,
that representing the ratio of centra city population to the population of the metropolitan area
(PDOM), was significant &t the 0.1 level.

The positive sign of the coefficient of PDOM indicates that an increase in the ratio of
central city population to the population of the metropolitan arearesulted in an increasein the
ratio between the number of vehicle hours of operation and the maximum number of light rail
vehicles operated.

Figure 4.4B



Reationship between performance measure and independent variables.
Performance Measure: VEHMAX

Vaiadle Reationship Expected Unexpected
pdom positive X

The sgn of the coefficient of PDOM was positive and expected.

5. Passengers per Vehicle Hour (PASSVEH)

PASSVEH = Constant + BjPAYROLL + BoPBRATIO + B3TDED + B4TSTATE
+ B5TLOCAL + BGgDENSITY + B7UNEMP + BgPDOM + E

Figure4.5
PASSVEH
Heavy Rall Light Rail

Number of obs. 81 60
R-squared 0.337 0.386
Adj R-squared 0.263 0.289

Coef.  Std. Err. t P>|t| Coef. Std. Err. t P>[t|
PAYROLL | -16.733| 30.197| -0.554] 0.581 3.940| 36.337| 0.108 0.914
PBRATIO -1.894 1.883| -1.006| 0.318 -10.485 6.991| -1.500 0.140
TDED -14.630| 12.666| -1.155 0.252 -18.955| 17.850| -1.062( 0.293
TSTATE 47.326| 18.043| 2.623 0.011 -65.489| 33.654| -1.946| 0.057
TLOCAL -0.189| 14.217| -0.013 0.989 -6.686 22.614| -0.296/ 0.769
DENSITY 0.008| 0.004| 1.828 0.072 0.048 0.011f 4.308 0.000
UNEMP -4.598 1.558| -2.952| 0.004 1.113 3.238| 0.344] 0.733
PDOM -75.089| 41.356| -1.816( 0.074 -162.953( 51.216| -3.182 0.002
Heavy Rall

The results of the model for heavy rail indicate that the coefficients of two variables
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were datigtically significant at the 0.05 level. The two variables represented the percentage of

operating funding provided by state sources (TSTATE) and the unemployment rate of the



metropolitan areas in which systems were operated (UNEMP). Additionally, two variables
representing the population dengty of ametropolitan areain which heavy rail trangt systems
were operated (DENSITY) and theratio of central city population to the population of the
metropolitan area (PDOM) were sgnificant a the 0.1 leve.

The positive Signs of the coefficients of TSTATE and DENSITY indicate that an
increase in ether resulted in an increase in the number of passenger trips made per hour of
heavy rail vehicle operation. The negative signs of the coefficients of UNEMP and PDOM
indicate that an increase in ether resulted in a decrease in the number of passenger trips per

hour of heavy rail vehicle operation.

Figure 4.5A
Relationship between performance measure and independent variables.

Performance Measure PASSVEH

Vaidle Reationship Expected Unexpected
tstate positive X
dengity positive X

unemp negative X

pdom negative X

The sgns of the coefficients of three Satistically sgnificant variables DENSITY,
UNEMP and PDOM, were as expected, while the sgn of the coefficient for TSTATE was
unexpected.

One possible explanation for the unexpected, positive sign of the coefficient for
TSTATE isthat funding provided by state sources was used to expand peek- period service

rather than overal service. The expansion of peak-period service would tend to increase the

m

number of passengers, while vehicle hours, a combination of peak and non-peak service, would

remain relaively constant or increase at amuch dower pace than peak-hour service aone.
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Light Rail

The results of the modd for light rail indicate that the coefficients of two variables,
representing the population dengity of the metropolitan areas in which systems were operated
(DENSITY) and the ratio of central city population to the population of the metropolitan area
(PDOM), were detidicaly significant at the 0.05 level. The coefficient of the variable
representing the percentage of operating funding provided by state sources (TSTATE) was
datidicdly sgnificant a the 0.1 leve.

The negative signs of the coefficients of TSTATE and PDOM indicate that increasesin
the percentage of operating funding provided by state sources and the ratio between centrd city
population and the population of the metropolitan areain which light rail systems were operated
resulted in a decrease in the number of passenger trips made per light rail vehicle hour of
operation. The positive sgn of the coefficient of DENSITY indicates that an increasein the
population density of metropolitan areas in which light rail syssems were operated resulted in an

increase in the number of passenger trips made per light rail vehicle hour.

Figure 4.5B
Reationship between performance measure and independent variables.

Performance Measure PASSVEH

Vaidle Redationship Expected Unexpected
tstate negative X
dengity positive X
pdom negative X

The dgns of the coefficients of dl three variadbles TSTATE, DENSITY, and PDOM

were as expected.

B. Discussion of Regression Results
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1. Generd Overview

As dtated in Chapter 11, section B1 of this paper, comparison of trangt systemsis
primarily based on performance. Performance has been defined as being comprised of two
eements efficiency and effectiveness, where efficiency is ameasure of theratio of resource
inputs to service outputs and effectiveness is ameasure of how well goas are met by the
provison of service (Fieding and Glauthier 1976). In other words, efficiency measures reflect
production, while effectiveness measures reflect consumption. Also presented in previous
chapters was the concept that performance is comprised of four dimensions, adminigrative,
financid, demographic and paliticd. In this research both efficiency and effectiveness measures
served as dependent variables in regresson models that were devel oped to determine the
impact of anumber of adminigrative, financiad, demographic and palitica variables on the
performance of both heavy and light rall trangt sysemsin the US over anine-year period
(1987-1995).

Results of regresson modds indicate that a distinct difference in determinants of
performance exists when comparing the operation of heavy and light rail trangt systems.
The impacts of independent variables representing the four dimengions of rail trangt
performance on performance measures are discussed in the following sections, where impact is
adetermination of whether an increase in the vaue of the independent variable would result in
an increase in the value of the performance measure. For cost measures a positive impact
required adecrease in the cost per output unit produced. For the ratios between vehicle hours
and employee hours (VEHEMP) and vehicle hours and vehicles in maximum service
(VEHMAX) apositive impact required an increase in the retio of vehicle hours to employee
hours or vehicles in maximum service. For theratio of passenger tripsto vehicle hours
(PASSVEH) apositive impact required an increase in ratio of passenger tripsto vehicle hours.
The determination of the impact of independent variables on performance measuresis not meant

to imply that a positive impact is good or bad, only thet efficiency or effectiveness, based on the
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relationship between independent variables and performance measures, would increase or

decrease if the vaue of the independent variable increased.

a Effidency - COSTVEH, VEHEMP, VEHMAX

Three performance measures served as dependent variables in the modelsto indicate
the efficiency, or input per output unit produced, of heavy and light rall trangt systemsin the US,
The firg of these variables, operating cost per vehicle hour (COSTVEH), indicates the cost per
vehide-hour produced. The second, vehicle hour per employee hour (VEHEMP), indicates the
number of vehide-hours per employee-hour or the labor productivity of arall trangt system.
The third, vehicle hour per vehicle operated during maximum service (VEHMAX), indicates the

number of vehicle hours per vehicle or the vehidle utilization of arail trandt system.

* Heavy Rall

Results of regressions indicate that one adminidrative variable, the percentage of
operating funding paid out to employees as sdaries, wages and fringe benefits (PAYROLL),
had a pogitive impact on dl three efficiency measures. Although the manner in which payrall-
related funding was applied is unknown, resultsindicate that an increase in PAYROLL resulted
in lower cost per vehicle, ahigher ratio of vehicle hours to employee hours, and a higher ratio of
vehicle hours to vehicles operated during maximum service of heavy rall trandt sygemsin the
US. These results were unexpected and require further investigation to more fully understand
specificaly how funding was gpplied.

The second adminidretive variable, the ratio of vehicles operated during peak periods
to those operated during an average base period (PBRATIO), was found to have a negative
impact on al three efficiency measures. This result was expected and indicates that heavy rall
trangt operators need to be aware that overemphasis on peak vs. non-period operations can

lead to operating inefficiencies.



115

Of the three financid variables included in the models, the percentage of operating
funding provided by dedicated (TDED) and state (TSTATE) sources was found to have had a
negative impact on al efficiency measures. This result was expected and suggests that funding
from dedicated and state sources has been gpplied by operators in a manner that has not been
conducive to the efficient operation of heavy rail trandt sysemsin the US.

Two variables were included in the modeds to determine the impact of demographic
changesin areas in which heavy rail trandt sysems were operated. The two demographic
variables represented the dendties (DENSITY) and unemployment rates (UNEMP) of areasin
which systems were operated. Each variable was found to have had a negative impact on one
efficiency measure. Dengty was found to have had a negative impact on vehicle hours per
vehicle operated during meximum service. This result was unexpected, but may be explained if
increases in the densities of areas resulted in increases in peak hour demand for trangt that
outpaced increases in non-pesk hour demand for trangit. 1n such cases the number of vehicles
operated in maximum service would increase a a faster pace than vehicle hours.

The unemployment rates of areasin which heavy rail trangt systems were operated
were found to have had a negative impact on cost per vehicle hour of service. Thisresult was
expected and may indicate that increased unemployment lead to decreases in ridership and
service that outpaced decreasesin associated operating costs. As payroll congtitutes the largest
portion of operating costs, results may indicate that operators should strive to insure that
decreased demand for transit be accompanied by decreased supply of service. In other words,
it is necessary for operators to insure that systlems maintain labor at levelsthat are accurately
reflected by demand for service.

Finaly, one independent variable was included in the models to measure the impact that
thelocd palitical climate has had on system efficiency. The variable included represented the
ratio of centra city population to the population of the metropolitan areasin which transit
systems were operated (PDOM). Results indicate that the political dominance of the central

city had a positive impact on one efficiency measure; vehicle hours per vehicle operated during
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maximum service. Results dso indicate that the more dominant the largest city in a metropolitan
areais, the more likely it isthat there will be a greater number of vehicle hours of operation per
maximum number of vehicles operated. The suggestion is that the greeter the dominance of the
centrd city, the more efficient atrangt system's use of vehicles, which may be an indication that

agreater leve of intermetropolitan cooperation existsin such metropolitan aress.

* Light Rall

Results of regressonsindicate that only one adminidrative variable, the percentage of
operating funding paid out to employees as sdaries, wages and fringe benefits (PAYROLL),
had a gatidticaly sgnificant impact on two of three efficiency measures. The impact of
PAYROLL on the two efficiency measures was conflicting, with PAYROLL having an
unanticipated, pogtive impact on operating cost per vehicle hour and an anticipated, negative
impact on vehicle hour per employee hour. This suggests that increases in the percentages of
operating funding paid to employees by light rail trangt operators have lead to lower costs per
vehicle hour of service provided, while at the same time a reduction in labor productivity.

One possible explanation for the conflicting resultsisthet light rail sygemsin the US are
farly new. Exigting datareflectsthe fact that dthough start-up costs for rail systems are
extremely high, sysems are able to greatly reduce costs within the first severd years of
operation. Thiswould help explain why an increase in the percentage of operating funding pad
out to employeesresultsin adecrease in cost per vehicle hour of service. In such aningance
the percentage of the budget paid out to employees could increase, but because the total
operating budget substantially decreases, cost per vehicle hour of service dso decreases. In
addition, an increase in the percentage of an operating budget paid out to employees would
result in an increase in employee hours that outpaces increases in vehicle hours, which iswhat
the results of the modd indicate.

Of the three finandid variables included in the models, the percentage of operating
funding provided by dedicated (TDED) and state (TSTATE) sources were found to be
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datidicdly sgnificant indicators of only one efficiency measure: cost per vehicle hour of service
(COSTVEH). Regresson results indicate that increases in the percentage of funding from both
dedicated and state sources had a negative impact on cost per vehicle hour of service supplied
by light rail trangt sysemsin the US. This result suggests that funding from both dedicated and
dtate sources have lead to higher codts per vehicle hour of light-rall trangt sysemsin the US,

The two variables included in the models to determine the impact that demographic
changesin areas in which light-rail trangit systems were operated were found to have had both a
negative and a postive impact on system efficiency. Thefirg, the dengty of the metropolitan
areasin which light rail systems were operated (DENSITY'), was found to have had a negative
impact on both cost per vehicle hour of service (COSTVEH) and vehicle hour of service per
employee hour of service (VEHEMP). Results were unexpected and suggest that operators of
light-rail trangt systems need to pay specid attention to the efficient operation of their sysems
when area dendtiesincrease. One possible explanation for these findings is that increasesin
demand for peak- period service have lead to increases in system payroll and thus operating
cods, whilethe overdl level of service provided, both peak and off-peak, has increased at a
much dower rate.

The second demographic variable, the unemployment rate in areas in which systems
were operated (UNEMP), was found to have had a positive impact on cost per vehicle hour of
sarvice (COSTVEH). Thisresult was also unexpected and indicates that an increase in the
unemployment rate in areas where light-rail transit systems were operated resulted in a decrease
in cost per vehicle hour of service. Two possible explanations for this result are that either an
increase in the unemployment rate lead to a reduction in the pesk- period demand for service
and system operators responded by cutting operating costs or, more likely, costs associated
with system Start-ups skewed results. Again, start-up codts for rail transit systems tend to be
extremely high when compared to operating costs of existing systems. If system start-up costs
skewed results, then unemployment could increase or decrease and systems would have lower

costs per vehicle hour.
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Findly, regresson results indicate that the political dominance of the centrd city
(PDOM) had a positive impact on two efficiency measures: vehicle hour per employee hour
(VEHEMP) and vehicle hours per vehicle operated during maximum service (VEHMAX). The
indication here isthat the greeater the dominance of the centrd city, the more likely it isthat there
will be agreater number of vehicle hours of operation per employee hour and per maximum
number of vehicles operated. The suggestion isthe same as with heavy rail systems, that the
greater the dominance of the centrd city, the more efficient alight-rail trangt system's use of
vehicles, which may be an indication that agreater level of intermetropolitan cooperation exists
in such metropolitan aress.

b. Effectiveness- PASSVEH

One performance measure served as the dependent variable in models used to indicate
the effectiveness, or output consumed per unit of input, of heavy and light rail transit sysemsin
the US. The variable, passenger trips per vehicle hour of service (PASSVEH), indicates system
usage (consumption) per vehicle-hour produced.

* Heavy Rall

Results indicate that four independent variables affected the operating effectiveness of
heavy rail trangt in the US. Of the four variables, only the impact of the percentage of operating
funding provided by state sources (TSTATE) was unexpected. The percentage of operating
funding provided by state sources, included in the model s to represent the financid dimension of
ral trangt performance, had a positive impact on the number of passenger trips per vehicle hour
of sarvice. Thisresult suggests that funding from state sources was used to increase peak-hour
service, which would lead to an increase in the number of passenger trips that outpaced any

increase in vehicle hours. The potentia problem hereisthat adminigrative policies that increase
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the supply of pesk-hour service to increase system ridership and effectiveness, may aso lead to
decreased efficiencies. If increasing passenger tripsisagod, then it is necessary for trangit
operators to carefully balance service increases between peak and non-peak hours or suffer
decreases in operating efficiency.

The two variables representing the demographic dimension of transit performance, the
population dengity (DENSITY) and the unemployment rate (UNEMP) in areasin which rall
trangt systems were operated, had expected, but conflicting impacts on effectiveness.

Increased density had a positive impact on the number of passenger trips per vehicle hour,
indicating an increase in peek-period service. Increased unemployment had a negative impact
on the number of passenger trips per vehicle hour. Again, aswith the results for an increasein
funding from state sources, changes in either demographic variable lead to changes in pesk-
period service, which could dso have lead to decreases in system efficiency. The difference
here is that demographic changes result in changes in demand, whereas changes rdating to the
adminigrative or financia dimension of rall trangt performance result in changes in supply.

The find variable included in the models represented the political dimension of rall transit
performance. Theratio of the population of the central city to the population of the metropolitan
areain which rall sysems were operated (PDOM) had a negative impact on the number of
passenger trips per vehicle hour. The most likely explanation for this result is that the more
dominant a centra city, the more likdly it isthat systems have expanded into areas outside of the
urban core. Expangion into less-densdy populated areas results in increases in vehicle hours
that outpace increasesin ridership. This result suggests that operators of heavy rail transit
systems must carefully choose the areas into which they expand service or declining system

effectiveness may occur.

* Light Rall
Three factors were shown to have had an impact on the operating effectiveness of light

rall trangt in the US from 1987 - 1995. Two of the variables, the percentage of operating
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funding provided by state sources (TSTATE) and the ratio of the population of the centrd city
to the population of the metropolitan areain which systems were operated (PDOM), were
found to have had a negative impact on system effectiveness, while the population densty of
areasin which light raill sysemswere operated (DENSITY) was shown to have had a positive
impact on system effectiveness.

The result of the regresson mode including TSTATE, avariable used to represent the
finanda dimension of rall trangt performance, may indicate that Sate funding for light-rail trangt
has been used to expand service in areas where demand is lower than areas in which service
was inaugurated. Such expansion would lead to an increase in the number of vehicle hours of
service that outpaced any increases in passenger trips and therefore a negative impact on system
efficiency.

The result of the mode including DENSITY, avariable used to represent the
demographic dimendon of rail trangt performance, indicates that an increase in the density of
metropolitan areas in which light rail systems were operated had a positive impact on system
effectiveness. This result is supported by results of previous research and suggests that system
operators should gtrive to expand service in the highest dengity portions of the metropolitan
area.

Findly, the result of the modd including PDOM, avariable included in the moddsto
represent the palitical dimengion of rail trandt performance, indicates that an increase in centra
city' dominance had a negative impact on passengers per vehicle hour. Thisresult may suggest
that the greater the dominance of a centrd city, the more likdly it isthat light rail service will be
expanded in less dense areas outside of the urban core, resulting in a decrease in system

effectiveness.

c. Overdl Measure - COSTPASS
This performance measure served as the dependent variable in models used to indicate

the overdl performance of rail trangt sysemsin the US from 1987 - 1995. This measure
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combines efficiency (total operating costs) and effectiveness (total passenger trips) and therefore

is often used an as "overdl” indicator of trangt system performance.

* Heavy Rall

Both adminidrative variables, the percentage of operating costs paid out to employees
as sdaries, wages and fringe benefits (PAYROLL) and the ratio of vehicles operated in
maximum service to those operated in an average base period (PBRATIO) were found to have
had a sgnificant impact on operating cost per passenger. Results indicate that an increasein
PAYROLL had apositive impact on operating cost per passenger. Although this result was
unexpected, it isin agreement with results of efficiency models where PAYROLL was dso
shown to have had a pogtive impact. This result suggests that choices system administrators
have made with regard to the percentage of operating costs devoted to employee compensation
are pogitively related to the efficient operation of heavy rall trangt sysemsin the US.

The second adminigrative variable included in the models, PBRATIO, was shown to
have had a negative impact on cost per passenger. Thisresult indicates that an increase in the
ratio of vehicles operated during peak periods to those operated during an average base period
lead to anincrease in cost per passenger. This result may indicate that costs related to the
provision of service during peak periods are carried over to non-peak periods. Theman
reference in this case isto costs for labor. Employees are often hired to meet demand for peak-
period service, but are aso paid during off- peak periods when demand islow. Theresultisan
increase in operating costs that outpace any increases in passenger trips. This result suggests
that it is necessary for system operators to pursue policies that reduce the gap between peak
and non-peak period service in order to decrease per passenger operating costs.

One finandd variable, the percentage of operating costs provided by dedicated sources
(TDED), was shown to have had a negative impact on cost per passenger. Thisresult indicates
that an increase in dedicated funding resulted in higher per passenger operating costs. This
result suggests that adjustmentsin the way in which dedicated funding is distributed may be
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necessary in order to decrease the per passenger operating costs of heavy rall transt systemsin
the US.

Findly, one demographic variable, the unemployment rate of areasin which rail transt
systems are operated (UNEMP), was shown to have had a negative impact on operating cost
per passenger. Thisresult isin agreement with results of prior research in this area and suggests
that an increase in the unemployment rate leads to decreases in the number of passenger trips
that outpace any decreases in operating costs. What is suggested here is that it is necessary for
system operators to more quickly adjust operating costs during times of increased
unemployment, in thisway it may be possible to stabilize per passenger operating costs.

* Light Rall

None of the variables included in the models were shown to have had a gatisticaly
sgnificant impact on the per-passenger operating cods of light-rail trangt sysemsin the US
from 1987-1995. Thisresult is extremely interesting in thet if varigbles gpplied in existing
research are unable to assst in explaining the variation in the cost per light-rail passenger trip,
then the current understanding of the process iswoefully insufficient. The results of these
modelsindicate that a new conceptudization of the determinants of the cost per light-rall
passenger trip is required to alow researchersto begin to develop a greater understanding of
the relationship between cost per passenger and light-rail trangit system operation.

2. Thoughts on Results of Regressions

Regresson resultsindicate that a significant difference exists between the operation of
heavy and light rall trangt sysemsin the US. Datafor both types of rail trangt sysems were
integrated into regresson models using the same independent variables, with different results.
Resultsindicate that administrators of heavy rail sysems may be more likely to strive to achieve

gods more closely associated with standard performance measures, while administrators of light



rall sysems may target different goasthat are not directly associated with the existing
performance measures included in this study and other established research.

Conflicting results, like those found in the modd s that included PAYROLL and its
relationship to light-rail trangt system efficiency, exemplify the complex rdationship thet exists
between performance measures and factors that affect them. Numerous variables may serve to
measure the efficiency or effectiveness of system operations. A postive relationship between
one factor and an efficiency measure may be accompanied by a negative relationship between
the same factor and another efficiency measure. Researchers and system operators must not
only view the rdaionship between individua factors and individua performance measures, but
dsoin rdation to other efficiency and effectiveness measures. Only in thisway can researchers
and operators gain a clearer understanding of the impact of changesin factors representing the
four dimensions of rall trangt system performance on the efficiency and effectiveness of rall

trangt systems.



CHAPTER YV

The Present and Futur e of Rail Transit Perfor mance Research

The previous four chapters of this paper have served to provide ingght into both the
past and present of rail trangt performance research. In chapter | the arguments for and against
public involvement were presented, as was a history of federd financid involvement inrail trangit
inthe US. In chapter 11 the history of trangt performance-based research was investigated, the
results of which were used to inform the development of the theoretical model presented in
chapter 111. In chapter 1V the results and interpretations of regression analyses were presented.
After dl of the bagis building and andlys's of regresson results the primary question that drives
this research remains, how can the results of this research be used by those involved in the
provison of rall trangt service at the local, ate, and nationd level? Stated another way, what
can adminigrators, politicians, and the public expect when changes are made to the operations
of ral trangt systems?

In thisfina chapter the primary findings of this research are summarized and presented
in amore useful and gpplicable manner than in chapter 1. Also included in this chapter isa
congderation of the policy implications of the results of thisresearch. Inthefind section of this
chapter the future of rail trangt performance research specificaly and performance-based

research in generd is discussed.
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A. Magjor Findings

* Heavy Rall

Research resultsindicate that many tradeoffs must be considered when performance
decisions associated with the operation of heavy rail trangit sysemsin the US are made (see
Table 7). For example, if the percentage of employee compensation in an operating budget
increase, cogt efficiency improves. Vehicle utilization dso improves. The tradeoff isthat labor
productivity declines. If administrators decide to increase the number of peak period vehiclesin
operation codt efficiency increases and vehicle utilization declines.

Heavy rall trangt officids who lobby for increased funding from dedicated or date
sources should redlize that increases in dedicated funding cause costs to escalate, vehicle
utilization to decline, and labor productivity to improve. State funding has the same impact as
dedicated funding on cogts, labor productivity, and vehicle utilization, while a the same time
improving operating effectiveness or sarvice utilization. Loca funding was not shown to have
ether adetrimental or beneficia impact on system performance for reasons pointed out in
chapter 1V.

Trangt operators have little or no control over changesin local demographic or political
factorsthat affect rail trangt performance. What operators should be aware of isthat changes
in these factors affect system performance and that they may want to adjust system operations
in the event of changesin loca demographics or palitica relationships. For example, increased
dendity resultsin improved labor productivity and vehicle utilization, but declining service
utilization. For unemployment, increases result in declining operating efficiency and

effectiveness, thus a decline in overdl performance.



Table 7 Summary of Regression Results!2

HEAVY RAIL TRANST SYSTEMS

COSTVEH COSTPAS VEHEMP

VEHMAX PASSVE

S H
PAYROLL
Coef. -299.519 -3.137 -163.334 2874.662 -16.733
Std. Err. 67.774 0.930 62.493 714.107 30.197
PBRATIO
Coef.| 8.731 4.226(0.102 0.058 11.344 -389.498 -1.894
Std. Err. 12.024 44,529 1.883
TDED
Coef. 70.399|1.094 0.390 65.636 -844.071 -14.630
Std. Err. 28.427 30.699 299.521 12.666
TSTATE
Coef. 117.336|0.304 0.556 108.261| -1354.482 47.326
Std. Err. 40.495 57.880 426.684 18.043
TLOCAL
Coef. -22.083 -0.326 32.986 214.223 -0.189
Std. Err. 31.907 0.438 38.893 336.193 14.217
DENSITY
Coef. 0.016]0.000 0.000|0.067 0.019(-0.362 0.102 0.008
Std. Err. 0.010 0.004
UNEMP
Coef.| 8.834 3.496(0.205 0.048 -11.087 -56.767 -4.598
Std. Err. 5.568 36.836 1.558
PDOM
Coef. -134.713|0.032 1.274 -132.953 2384.492 -75.089
Std. Err. 92.817 88.083 977.978 41.356
* Light Ral
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For light rail trangt sysemsin the US the interpretation of resultsis abit more difficult.

The main reason for thisis that there are only asmal number of light rall sysemsin the US and

each are operated under such diverse circumstances that cross-sectiond analyses can provide

mideading results. With that in mind, resultsindicate that increases in the total amount of
employee compensation result in improved cogt efficiency and declining labor productivity.
Increases in dedicated or state funding result in declining cost efficiencies, whileincreasesin

gate funding aso result in dedining operating efficiency or service utilization.

12 statistically significant results (@ .1 or .05 level) arein bold.
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The impact of demographic factors on light rail trangt system performance is mixed.
Increased dengity results in declining cost efficiency, but improved labor efficiency and improved

sarvice effectiveness. Meanwhile, increased unemployment results in improved cost efficiency.

Table 8 Summary of Regression Results

LIGHT RAIL TRANSIT SYSTEMS

COSTVEH COSTPAS VEHEMP VEHMAX PASSVEH

S
PAYROLL
Coef. -163.334 -2.317 -0.197| -207.385 3.940
Std. Err. 62.493 4.428 0.097| 1032.551 36.337
PBRATIO
Coef. 11.344 -0.592 -0.011] -220.552 -10.485
Std. Err. 12.024 0.852 0.019 198.667 6.991
TDED
Coef. 65.636|3.101 2.175 -0.073| -640.615 -18.955
Std. Err. 30.699 0.048 507.234 17.850
TSTATE
Coef. 108.261(3.861 4.101 -0.091| -1077.529 -65.489
Std. Err. 57.880 0.090 956.328 33.654
TLOCAL
Coef. 32.986|1.049 2.756 -0.021| -1066.830 -6.686
Std. Err. 38.893 0.060 642.618 22.614
DENSITY
Coef.| 0.067 0.019(0.000 0.001 0.000 -0.205(0.048 0.011
Std. Err. 0.000 0.314
UNEMP
Coef. -11.087 -0.577 0.009 -12.887(1.113 3.238
Std. Err. 5.568 0.395 0.009 92.004
PDOM
Coef. -132.953|4.891 6.242 0.304 2527.176] -162.953
Std. Err. 88.083 0.137| 1455.362 51.216

B. Policy Implications
Oneimportant policy implication thet is gpparent from the results of this research isthat
there is an extreme difference between the operation and thus adminigtration of heavy and light



128

rall trangt sysemsin the US. Egtablished performance measures were reasonably accurate in
explaining the variaion in the operating performance of heavy rail trangt sysems, but not light
rall trandt systems. Severa points have been clarified with respect to the results of this research
and their policy implications for ral trandit system operations. Firg, policies that provide for
date or guaranteed funding have resulted in cost increases that have outpaced increases in either
vehicle hours of service produced or passenger trips and a decline in the efficient use of
vehides. At the sametime, financid policies have dso resulted in improved labor productivity
and vehidle utilization.

For light rail systems policies that provide for Sate or guaranteed funding have aso
resulted in cost increases that have outpaced increasesin vehicle hours of service produced.
Policies have dso resulted in adecline in the number of passenger trips per vehicle hour of
sarvice, or system effectiveness.

In summeation, the best advice isthat public officids must be aware that there are
congtant tradeoffs between system efficiencies and effectiveness. A policy that servesto
improve the operating efficiency of rall trandt sysems, whether heavy or light, islikely to
damage operating effectiveness. The most important activity that policy makers and system
adminigtrators can do is to make sure that they have established clear operating gods. To be
aureit isabaancing act anong many interested parties, but without clear gods, rall trangt
systems will run therisk of inefficiently pursuing operating gods that are aso ineffective.

C. FutureResearch

* Parformance of Rall Trangt Systems



A main god of the current research was to determine the impact of funding from loca
sources on the performance of rail trangt systemsinthe US. Unfortunately, the percentage of
operating funding provided by loca sources was not found to be a atistically significant
indicator of trangt system performance in any of the regresson models. One possible
explanation for this result isthet loca funding over the nine-year period had little impact on the
operation of rall trangt sysemsin the US. Another more likely explanation is that because
financia data were only available for the operating budgets of entire systems and not individud
trangt modes, theimpact of loca funding for rall transit was somehow hidden within large
budgets that often included many different modes of trangt service. In order to determine the
impact of loca funding, future reseerch must drive to separate funding for each mode. Thiswill
be an extremedly difficult task, but is necessary if the full impact of funding from dedicated, Sate
and local sourcesisto be more accurately determined.

Regressions conducted in this research have aided in the understanding of the
relationship that variables from the four dimensions of rail trandt performance have with trangit
performance measures. Regression results have not lead to greater understanding in severd
important areas. The firg is whether or not established performance measures are important to
trangt system operators. If they are not important to system operators, then the question
becomes how trangit operators measure the performance of their systems. Another area of
concern is whether established performance measures reflect the goals that local operators,
paliticians, interest groups, and citizens have for their rall trangt systems. Again, if established
performance indicators do not reflect local goasfor rail trangit, then what factors do?

One way to begin to answer these questionsis to conduct case studies on the impact of
state-mandated performance policies on the performance of rall trangit systems located in
different regions acrossthe US. Of primary concern in such research is the response of local
interest groups to reported performance results associated with government transportation
policies. Quditative research in this area could potentialy lead to afar more complete
understanding of trangt system performance by beginning to reved the extent to which
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edtablished performance measures reflect loca godsfor rail trangt sysems. A combination of
both quantitative and qualitative research would lead to a more in-depth and useful
understanding of the determinants of rail trangt system performance than provided in existing

research.

* Performance Evauation in Additional Fields

Over the padt thirty years methodologies for measuring the performance of mass transit
systems have undergone a great ded of modification and refinement. A great ded of time and
effort has been expended on deve oping both frameworks and individua performance indicators
that reflect specific agpects of trangt system performance. Although nearly al of the research
was conducted with the sole purpose of advancing the existing understanding of the
performance of mass transportation systems, this area of research aso represents an
opportunity for gpplication in numerous other aress.
In recent years government oversight of government-operated or government-sponsored
programs has substantialy increased. Nearly every entity that receives government funding is
required to perform at least some type of performance evauation to determine if funds are
applied to promote desired goads. Thelong line of performance research that has been
indrumenta in developing and refining frameworks for application in the trangportation fidld is
aso applicable in many other fields of interest. The gpplication of transportation-related
performance evauation frameworks in fields outside of trangportation would not only result in
the rgpid advancement of performance evauation in those fields of inquiry, but aso lead to the

advancement of the current understanding of the performance of mass trangportation systems.
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City
LosAngeles
San Francisco
San Diego
San Francisco
LosAngeles
San Francisco
Los Angeles
Sacramento
San Diego
San Francisco
San Jose
Denver
New Haven
Washington
Miami
Miami
Atlanta
Chicago
Chicago
Chicago
New Orleans
Boston
Boston
Boston
Batimore
Batimore
Batimore
Saint Louis
New York
Philadelphia
New York
New York
Syracuse
New York
New York
New Y ork
Buffalo
Cleveland
Cleveland
Portland
Philadel phia
Philadel phia
Philadelphia
Philadelphia
Pittsburgh
Memphis
Galveston
Washington

Appendix A -USRAIL TRANSIT AUTHORITIES

State

9888883882888

D

=252gs--Qapng

MD
MD
MO
NJ
NJ
NJ
NY
NY
NY
NY
NY
NY
OH
CH
OR
PA
PA
PA
PA
PA
TN
TX
VA

Transit System
Southern California Regional Rail Authority
CdTran
North San Diego County Transit District
San Francisco Muni

Los Angeles County Metropolitan Transportation Authority

San Francisco Bay Area Rapid Transit District

Los Angeles County Metropolitan Transportation Authority

Sacramento Regional Transit District

San Diego Metropolitan Transit Development Board
San Francisco Municipal Railway

Santa Clara County Transit District

Denver Regiona Transportation District
Connecticut Department of Transportation
Washington Metropolitan Area Transit Authority
Tri-Rail Commuter Rail Authority

Metro-Dade Transit Agency

Metropolitan Atlanta Rapid Transit Authority
Regional Transportation Authority

Regional Transportation Authority

Northern Indiana Commuter Transportation District
Regional Transit Authority of Orleans & Jefferson
Massachusetts Bay Transportation Authority
Massachusetts Bay Transportation Authority
Massachusetts Bay Transportation Authority
Mass Transit Administration, Maryland DOT
Mass Transit Administration, Maryland DOT
Mass Transit Administration, Maryland DOT
Bi-State Development Agency

New Jersey Transit Corporation

Port Authority Transit Corporation of PA and NJ
New Jersey Transit Corporation

MTA Long Island Railroad (LIRR)

METRO North

New York City Transit Authority (NYCTA)

MTA Staten Island

Port Authority of New Y ork and New Jersey
Niagara Frontier Transit Metro System

Greater Cleveland Regional Transit Authority
Greater Cleveland Regional Transit Authority

Tri-County Metropolitan Transportation District of Oregon

Pennsylvania Department of Transportation

Southeastern Pennsylvania Transportation Authority
Southeastern Pennsylvania Transportation Authority
Southeastern Pennsylvania Transportation Authority

Port Authority of Allegheny County
Memphis Area Transit Authority
Island Transit

Virginia Railway Express
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System Type
CRTS
CRTS
CRTS
CRTS
HRTS
HRTS
LRTS
LRTS
LRTS
LRTS
LRTS
LRTS
CRTS
HRTS
CRTS
HRTS
HRTS
CRTS
HRTS
CRTS
LRTS
CRTS
HRTS
LRTS
CRTS
HRTS
LRTS
LRTS
CRTS
HRTS
LRTS
CRTS
CRTS
HRTS
HRTS
HRTS
LRTS
HRTS
LRTS
LRTS
CRTS
CRTS
HRTS
LRTS
LRTS
LRTS
LRTS
CRTS
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