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Foreword

The papers presented in this Record represent recent research in critical staff functions supporting
public transportation operations. Each activity is often behind the scenes, not very visible to the
customer but fundamental to successful service. Nonetheless, the results of such work clearly
determine what operations are delivered to the public and utilized. Papers are based on presentations
at TRB’s Annual Meeting in January 1995 in Washington, D.C. They have been reviewed by peers
(practitioner and academic) in the field of public transportation, in accordance with established
Transportation Research Board procedures.

In Part 1, Planning, five topics are discussed. For small transit agencies, long-range planning is
necessary (Martinelli et al.). Part of planning is determining how to measure benefits (Horowitz and
Beimborn), and the relationship between finance and the national economy of the Netherlands is
examined (Cheung). At the local level, household survey techniques are explored in Boston
(Harrington and Wang) and bus metering, as a technique of congestion management for the Lincoln
Tunnel in New York City, is studied (Pavis et al.).

Part 2, Management, contains five topics. Program versus transit performance is a growing concern
(Taylor). In Montreal, Canada, transit financing equity is examined (Chapleau) and life-cycle costing
in Hamilton, Ontario, is an important consideration in a technological decision (Sherman and Hide).
In some situations, additional bus service may harm other transit services (based on research by Kaysi
and Bassil in Beirut, Lebanon). Or, if facilities are converted—for example, busways or bus lanes to
high-occupancy vehicle lanes—negative impacts occur (Vuchic et al.).

Part 3, Technology, offers four distinct situations for review. Modeling the costs of a proposed
automated people mover system serving an airport helped define parameters (Manadalapu and
Sproule). Combining two technologies, personal rapid transit and maglev, was examined for feasibility
(Suppes). Electric bus operation feasibility in Austin, Texas, was also studied (Fowler and Euritt).

Part 4, Ridesharing and High-Occupancy Vehicles, reviews nine important subjects. Many
businesses need to know what employee transportation Coordinators (ETCs) do, thus the ETC function
is profiled (Chen et al). In New York State, employers are now benefiting from a new commute options
guidebook (Saito et al.). The demographics of carpooling is still a basic question (Ferguson), and
employer involvement does make a difference (Young). One of the larger challenges occurs in the
suburbs, as experienced in the Lake-Cook (Illinois) corridor (Fish et al.). Transportation control
measures are crucial to the success of ridesharing (Beaton et al.). Early progress can be expected from
employer-based trip reduction programs (Burns), and site amenities also play a role in eliminating trips
(Davidson). Finally, a 5-year study of employee commute options in Southern California provides a
vital perspective (Young and Luo).

As the results of such research become available, decision makers, planners, and managers will have
a stronger base of data and tools to help provide responsive public transportation service.

Vil




PART 1

Planning
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Long-Range Planning Issues for Small

Transit Agencies

DaviD MARTINELLI, ASVIN MANDADI, RONALD ECK, AND DARRELL DEAN

For small transit agencies to remain effective and to grow in service,
they must respond to a number of national and local trends. The Inter-
modal Surface Transportation Efficiency Act, Clean Air Act, Ameri-
cans with Disabilities Act, and local economic conditions are but a few
of the recent events that mandate the use of long-range planning for
small transit agencies. A research effort that identifies and discusses the
key issues for strategic planning of transit agencies in small and
medium-sized communities is outlined. Strategic planning can be a dif-
ficult undertaking, particularly for smaller agencies, because they either
do not have the staff and time resources to carry out analysis of organi-
zational practices, consumer needs, and political environment or do not
feel the need for such formal processes because their organizations are
simple enough and the strategy setting can be based on managerial
experience and judgment. In addition, a case study of a recently
completed study for the transit agency in Charleston, West Virginia, is
presented.

The recently adopted Intermodal Surface Transportation Efficiency
Act of 1991 (ISTEA) has empowered state and local governments
with greater opportunities for involvement in transportation infra-
structure and operations. In the signed version of the bill, $31.5 bil-
lion is authorized for transit over a 6-year period. A fundamental
difference between ISTEA and prior transportation bills is that it
gives states the flexibility to allocate federal dollars among highway
and transit initiatives. Although funding flexibility for transit under
ISTEA presents an opportunity for transit agencies to participate in
the state programming process, it will be necessary for these agen-
cies to develop comprehensive strategic plans. Many small transit
agencies will be conducting strategic planning for the first time.

Transit agencies carry out strategic planning in different ways.
Some perform long-range (10 to 20 years) service and capital plans,
which are formal documents required externally, (e.g., transporta-
tion improvement programs, or TIPs). The focus is primarily on
demand for service, service levels, capital needs, funding require-
ments, and fare structure. Some perform short-range (1 to 2 years)
service plans or tactical planning, which is similar to long-range ser-
vice and capital planning but has a shorter time horizon in which the
focus is primarily on comprehensive operational analysis (/). The
discussion in this paper addresses long-range planning for a horizon
of 5 to 20 years, with a focus on strategic issues of importance to
small transit agencies. Strategic planning can be a difficult under-
taking, particularly for smaller agencies, because they either do not
have the staff and time resources to carry out analysis of organiza-
tional practices, consumer needs, and political environment or do
not feel the need for such formal processes because their organiza-
tions are sufficiently simple and the strategy setting can be based on
managerial experience and judgment.

West Virginia University, Engineering Sciences Building, Room 651, P.O.
Box 6103, Morgantown, W.Va. 26506.

It is expected that small transit agencies operating in small urban
areas (population less than 200,000) will need guidance when con-
fronted with complex issues such as funding, staffing, compliance
with regulations, and evaluating service alternatives for the future.
This is because, in general, small transit agencies do not have the
internal infrastructure and planning experience necessary to
develop long-range transportation plans. Instead, they may depend
on externally developed service planning documents to form an
internal comprehensive program. This may be attributed to lack of
staff resources, lack of support for such activities, lack of training,
and lack of perceived need. In large transit agencies, however, there
is more likely to be a dedicated internal planning process infra-
structure. .

Much of an appropriate planning process of transit agencies
within small urban areas will probably be area-specific. That is,
much of the strategic planning process is governed by the follow-
ing: local issues and policies, area travel and activity patterns,
topography and geography, existing transportation infrastructure,
proximity to major cities, and other factors (2). Although much is
area-specific, there is a need to formulate the general issues that are
necessary to address the unique needs and characteristics of small
transit agencies. This paper addresses the major issues in long-range
planning for small transit agencies. In addition, a case study is pre-
sented based on a recently completed study for the transit agency in
Charleston, West Virginia.

The objectives of this paper are as follows:

1. To identify differences between small and large transit
agencies,

2. To describe a methodology for developing an implementable
long-range strategic plan for small transit agencies,

3. To identify planning issues most important to strategic plan-
ning for small transit agencies, and

4. To summarize long-range issues of a first-phase strategic plan
for a transit agency in a small urban area.

DIFFERENCES BETWEEN SMALL AND LARGE
TRANSIT AGENCIES

There are many differences between large and small transit agen-
cies that have implications on the strategic planning process. A
compilation of the primary differences between small and large
transit agencies will serve as a precursor for designing a method-
ological approach for long-term strategic planning for small transit
agencies. Although many of the factors that affect the planning
process for large transit agencies also affect planning for small tran-
sit agencies, there are differences between small and large transit
agencies that warrant special consideration for smaller agencies.
These differences are enumerated here:




1. In most cases, small transit agencies do not have dedicated
programs for developing strategic plans internally but rather rely
on externally required planning processes, for example planning
documents prepared by external agencies such as metropolitan
planning organizations (MPO) and state departments of trans-
portation and consultants, whereas larger transit agencies have
organized planning divisions that perform planning studies on a
regular basis (3).

2. A team planning approach is desirable and is used in most
cases to develop a strategic plan for both large and small organiza-
tions (4). The only difference is in the composition of the team.
Large transit agencies have separate departments for service plan-
ning, marketing, capital planning, corporate planning, and fare
structuring. Executives from each department combine to form a
team and to develop the required strategic plans for the agency,
whereas small agencies must coordinate with other government and
private agencies to form a team that would formulate and decide
strategic decisions.

3. The availability of staff resources can have an important effect
on the ability of a transit agency to implement a strategic planning
process. Staff are needed to handle the logistics of such a compre-
hensive process, to coordinate discussion, to collect data, and to
monitor implementation. Staff are also needed to conduct analyses,
to synthesize findings, and to present options and their impacts.
However, availability of staff resources is another factor that varies
with agency size and therefore represents a limitation for smaller
agencies.

4. Small transit agencies tend to have smaller fleet sizes, simple
route structuring, and other characteristics of relatively small-scale
operations. For this reason, few such agencies have conducted
long-range plans and thus conduct strategic planning for the first
time, whereas large transit agencies usually have a set framework
for the strategic planning process. The complexity of the organi-
zation and its operations. necessitate the development of long-
range strategic plans, and availability of staff resources enables
distribution of responsibility to implement and monitor the strate-
gic plans.

5. Small transit agencies differ from large ones in the type of
population they serve. Generally speaking, in large urbanized areas
most of the population using transit are commuters and are moti-
vated to use transit because of the high level of service (e.g., light
rail), congestion on urban freeways and arterials, or limited parking
within the city (5). There is usually little congestion in small urban
areas, and ample parking space is usually available (5). This is a
negative factor for transit operating in such areas because it has to
serve principally the transportation disadvantaged and the elderly.
Innovative ideas for improved level of service (LOS) are necessary
to entice noncaptive riders to use transit in such areas.

APPROACH TO LONG-RANGE PLANNING FOR
SMALL TRANSIT AGENCIES

“Strategic planning is the process of deciding on objectives of the
organization or changes in these objectives, on the resources used
to attain these objectives, and the policies that are to govern the
acquisition, use, and disposition of these resources” (6).

In the context of transit, strategic planning is important to allow
services to keep pace with demographic, social, economical, and
political trends of a region. For example, in many metropolitan
cities, some of the suburbs have emerged as employment centers.
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Therefore, trip patterns in these cities cannot be characterized as
radial but rather are significantly more complex. Transit agencies
must anticipate and/or respond to such trends if services are to be
high and operations efficient. Strategic planning is also important
in providing a framework of goals, objectives, and priorities
respond (i.e., generate and evaluate alternative actions) to unex-
pected events such as funding cuts, labor strikes, facility closings,
and government regulation.

Strategic planning for small transit agencies may not involve a
rigid procedure. A formal strategic planning process usually con-
tains methodological steps, formulation of alternatives, compre-
hensive analyses and evaluation, and documentation preparation.
Small transit agencies do not have separate departments to conduct
planning at different levels of the planning process, so a team plan-
ning approach may be adopted. This approach is mostly used in all
transit agencies (small or large) and is thus recommended for small
transit agencies. In team planning, a chief executive officer (CEO)
uses line managers as staff to develop plans (4). For example, in a
small city the mayor could act as the CEQO, and his staff may con-
sist of representatives from various organizations in the area includ-
ing the transit agency. For the strategic plan to be applied as an
effective management tool, the focus of the effort should be on only
a few critical issues. Similarly, some small transit agencies may be
able to integrate transit plans into other city plans, thus using scarce
planning resources and coordinating government services with tran-
sit services.

There are typically four stages that are important in the decision-
making process: problem identification and definition, debate and
policy formulation, implementation, and evaluation and feedback
(5). The purpose of the planning process is only to provide infor-
mation that is most important to decision makers (5).

The first stage in the decision-making process is problem identi-
fication and definition. The critical issue here is the way in which
the problem is perceived and thus defined. The interaction between
decision-making and planning is assumed to occur in the diagnosis
of internal and external factors affecting the agency’s performance.
The mission statement, goals, and objectives are established by the
management team and planning staff in the first stage.

The second stage in the decision process is debate and policy for-
mulation. The decision is a choice among alternatives. The interac-
tion between decision process and planning is assumed to occur in
analysis and evaluation of alternative strategies developed in the
planning process.

The third stage is the implementation stage. The planning process
constitutes the establishment of budget to implement the strategies
proposed in the second stage.

The fourth and final stage in the decision process is evaluation
and feedback. The interaction between the decision process and the
planning process is assumed to occur in monitoring the strategic
program results and the external environment. Monitoring is neces-
sary to correct any changes that might occur during implementation,
and a feedback is necessary for further diagnosis of the changes.

The strategic planning methodology developed herein for small
transit agencies is based on a theory of organizational planning
developed by Ferris (7). It has been modified to accommodate the
mission and structure of small transit agencies. The following steps
were identified by Ferris as most critical:

1. The agency should scan the overall environment to identify
major trends, issues, problems, needs, and opportunities that affect
the organization. This step is particularly important because small
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transit agencies usually have more outside the agency’s control that
threaten the health and survival of the agency. Significant forces
external to small transit agencies that may be considered major
trends and issues include economic, demographic, social, political,
technological, financial, and legal forces (4).

These trends and issues give rise to problems that need to be
solved by strategically planning on a long-term basis. Because of
these external forces small agencies have tended to be more reac-
tive than proactive in their decision-making. It is important for these
agencies to establish a role in the decision-making of local govern-
ments, state agencies, commerce groups, and other important orga-
nizations. Some of the issues raised, which have more or less simi-
lar implications on many small transit agencies, are: changes in
Federal funds and programs, changes in state policies and their
unforeseen circumstances, interagency competition and its impact
on funding levels, importance of communication, serious implica-
tions of deteriorating external relations, and vulnerability of transit
service to political conflicts (/).

Not all factors are external to the agency. Significant internal
issues include financial viability, quantlty and quality of service,
managerlal and organizational effectiveness, productivity of human
resources, technological capability, and marketing effectiveness.
The analyses of these internal factors should result in an examina-
tion of the organization’s strengths and weaknesses (4). Small tran-
sit agencies should address in their strategic plans the following
internal issues and opportunities: identifying the training needs of
staff, assessing how new technologies such as microcomputers
could benefit the agency, improving financial accountability and
efficiency, and clarifying individual responsibilities and the
agency’s structure.

2. The agency should clearly define its goals and objectives.
Analysis of internal strengths and weaknesses and examination of
external influencing factors should be the basis for the mission state-
ment. The mission statement should then be broadened and clarified
by defining specific goals and objectives. For example, part of an
agency’s mission may involve improving the image of transit in the
region. A corresponding goal might be to improve the system level
of service. An objective should have a measurable end; hence a cor-
responding objective might be to decrease headways on selected
routes. Small transit agencies should develop a specific strategy and
action plan to deal with the external threats they face. A formal doc-
ument that outlines internal needs and objectives and addresses ser-
vice levels, capital plans, and other issues should be developed. The
mission and goal statements should be communicated widely to cre-
ate common expectations among financial contributors. Following
a team approach and clarifying responsibilities among agency staff,
a professional approach to management can be attained, and the
agencies can handle any crisis (/).

3. The next step is the development of a strategy that defines how
the stated objectives will be met. Strategies should be consistent
with the stated mission and goals. The agency should attempt to del-
egate the resources necessary to implement the strategy. Key staff
within the agency should be involved in the implementation. Strate-
gies should be evaluated in terms of several criteria such as cost,
personnel requirements, agencies and organizations involved, time
frame, impact on the environment, and legal implications (4). In the
case of small transit agencies strategies must be developed by key
individuals who are familiar with the external environment. Market
ofientation should be the approach throughout strategy develop-
ment, and the agency must segment its market in terms of users,
geography, demography, and other criteria.

4. Implementation is the next crucial step to successful strate-
gic planning. It is operational in nature and involves coordinating,
managing, and motivating many individuals. For successful imple-
mentation, top managers must communicate with all employees
what the strategic decisions are about. Strategies must not be
poorly conceived; otherwise they will fail. A detailed implementa-
tion plan must be prepared that identifies specific tasks, responsi-
bilities, and likely implementation problems. Also, no significantly
implementable strategies should be approved without ample
opportunity for public review and comment. Citizens, particularly
those with specially affected interests, should have a say in choos-
ing the forms and amounts of public transportation services they
will have. Transportation should help to redress income differ-
ences, mobility should be available to all, and prices should reflect
social costs. '

5. The final task for strategy implementation is the monitoring
and evaluation of the progress through periodic feedback. In moni-
toring, it is important to identify change in the external environment
involving fundamental forces affecting the agency. It should also
identify any unforeseen strengths and weaknesses of the agency and
their implications. Subsequently, any modifications in the objec-
tives are made.

SMALL URBAN AREA PUBLIC
TRANSPORTATION CASE STUDY

The focus of this paper has been on the need and possible approach
for long-range planning for small transit agencies. The Harley O.
Staggers National Transportation Center at West Virginia Univer-
sity recently completed a first-phase in the development of a long-
range transportation plan for Kanawha County, West Virginia.
Though the study was not wholly strategic in nature, the identified
issues incorporated several strategic planning elements. Some of the
trends, initiatives, needs, and opportunities identified in the
Kanawha Valley region had potential implications on the quality
and scope of public transportation.

The population of Kanawha County is approximately 200,000
[Kanawha Valley Regional Transportation Authority (KVRTA),
Charleston, West Va.] The heart of the county is the small urban city
of Charleston. The city of Charleston is a Class I city and is the
largest in West Virginia. It is the most populous with a population
of approximately 60,000. Charleston has earned the reputation of a
growing industrial area, and efforts are being made to redevelop the
central business district (CBD) to attract more businesses. It is the
home of several cultural groups and is the location of the state capi-
tol, Capitol Complex, Cultural Center, the University of Charleston,
community centers, and various neighborhood recreation centers.
The city has a diversified activity system and thus also has major
public transportation issues. Kanawha County comprises 908 mi® of
hilly terrain bisected from southeast to northwest by the Kanawha
River.

Most of the county’s population and the commercial and indus-
trial development are located in the floodplain of the Kanawha
River and in the Elk and Coal river valleys. Major highways also
follow these rivers. The county is well served by highway facilities
with three Interstates converging in Charleston. The private auto-
moblle is well established as the major means of transportation.
Parkmg is generally available in the Charleston CBD and other
employment centers (Regional Intergovernmental Council, 1990).
Public transportation is provided by the KVRTA for Kanawha




County. The impetus of the study was the confrontation of numer-
ous regional, state, and national trends of the KVRTA with the qual-
ity and scope of the public transportation they provide.

A summary of the trends, needs, and opportunities identified by
the study team is discussed here. The issues applicable to small tran-
sit agencies in general are discussed first followed by those issues
that are more area-specific. The first-phase study involved the iden-
tification of long-range planning issues based on potential economic
and social trends. The scope of public transportation options were
examined based on the needs and opportunities. Several recom-
mendations were provided under each issue, which required a
detailed analysis and would constitute the second-phase study.

Some of the general issues identified by the study team include
the Clean Air Act Amendments of 1990 (CAA), Americans with
Disabilities Act of 1990 (ADA), and ISTEA. Passage of these laws
has had a significant impact on the transportation planning and pro-
ject development processes (8).

CLEAN AIR ACT OF 1990

The intended purposes of the CAA is to bring air quality nonattain-
ment areas into attainment areas. Charleston is designated as a mod-
erate nonattainment area for ozone. Consequently, all city and
regional transportation plans and programs must perform additional
analyses to show that their projects will result in pollution reduc-
tion. Also, at the state level, West Virginia must develop a state
implementation plan (SIP) involving an inspection and maintenance
program for vehicle emissions and other measures to reach attain-
ment within 6 years. Four critical issues related to compliance were
identified: hardware solutions, alternative fuels solutions, use of
methanol fuel in public transportation, and behavioral changes on
planning committees and the public to reduce both the level of traf-
fic and the level of congestion on the highways. The key point here
is not just compliance of agency with the guidelines of the act but
its response to the changes in public attitudes and perception. For
example, the public perception of the CAA is to have a clean,
pollution-free environment, and hence the population would expect
the transit agency to provide clean service. This may have implica-
tions on the transit industry if not considered.

AMERICANS WITH DISABILITIES ACT OF 1990

The intended transit purpose of the ADA is to allow access to all
people with disabilities to public transportation services and public
facilities without discrimination. ADA also requires that any public
transit agency operating as a fixed-route system provide paratransit
services for disabled individuals to access the system. KVRTA has
submitted a paratransit plan that includes descriptions of a fixed-
route system, existing and proposed paratransit systems, a proposed
eligibility determination process, and a public participation process
used to develop the plan. :

INTERMODAL SURFACE TRANSPORTATION
EFFICIENCY ACT OF 1991

The intended purpose of ISTEA is to promote a “more intermodal
transportation system,” and it attempts to shift responsibility for
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making fundamental transportation decisions from the Federal level
to state and local levels. The changes allow for a greater flexibility
in the role of state and local governments to shift resources between
highway projects and mass transit. Greater flexibility in funding for
transit provides an opportunity for transit operators to develop the
efficient transportation system necessary to meet existing and future
travel needs. Identification of future transportation needs through a
long-range transportation plan is a prerequisite for the development
of a TIP by the MPO, which is a major planning document for secur-
ing federal funds.

Small transit operators need to approach these issues by ensuring
that they have a long-range strategic plan that addresses all three of
the acts. Otherwise, given so many directions in which to plan, it
might be a difficult task to comply with all the provisions of the acts.

DECREASE IN TRANSIT RIDERSHIP IN
KANAWHA COUNTY

Most transit operating in the United States faces ridership crises or
a potential decrease in ridership. In small urban areas such as
Charleston, several causes for reduced ridership include declining
population, rising unemployment, and abundance of downtown
parking. Stabilization in fuel prices, improved fuel efficiency in
vehicles, and sub-urbanization are causes, at the national level, for
such decreases in transit ridership. A key aspect in the long-range
transportation study for KVRTA was to identify these decreasing
ridership trends and to possibly establish innovative approaches to
increase ridership. Some strategic planning approaches suggested
for small transit operators in general include: (a) an understanding
of the decreasing ridership problem, () an analysis of the problem,
(c) data collection for developing transit service alternatives, and
(d) implementation and monitoring.

Some of the area-specific issues identified in the long-range
transportation study include congestion on Interstate 64, economic
developments in downtown Charleston, the proposal for a new
southwestern West Virginia regional airport serving Charleston,
Huntington, and Parkersburg, and decreases in transit ridership in
Kanawha County (8).

CONGESTION ON I-64

The major Interstate highways I-64, 1-77, and 1-79 intersect in the
Charleston metropolitan area. These Interstates provide local area
communities access to the nearby metropolitan areas of Hunting-
ton, Parkersburg, Clarksburg, Beckley, and many other distant
cities. The congestion problem identified was on I-64 between
Charleston and Huntington. The traffic levels on the inter-
state often exceed the design level during weekday commu-
ting hours, which results in congestion mainly at key bridges and
interchanges. Public transportation use has been identified as a
solution to the congestion problem on I-64. The use of public trans-
portation on the interstate would add to the capacity and as a result
there would be reduction in congestion. Generally speaking, the
problem of congestion is present in most urban areas, and transit
use has evolved as a major part of its solution. Some long-range
strategic issues identified by the study team that can be combined
with transit use include: (a) large and small scale improvements to
the transportation system according to the local needs and nature
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of economic and social growth, (b) priority facilities for transit and
high-occupancy vehicles (HOV) in the form of HOV lanes on
Interstates and priority entry control on freeway entry-ramps, and
(c) integration of park-and-ride facilities with transit providing
access to employment centers and the CBD. These issues need
to be considered by small transit agencies in developing a long-
range plan.

ECONOMIC DEVELOPMENTS IN DOWNTOWN
CHARLESTON

Revitalization efforts under way in Charleston require the provi-
sion of a personalized, convenient, efficient, and safe internal
ground circulation system to expand the capability of people to
move about in a more active CBD. Some of the strategic planning
elements of importance to small transit agencies that were pro-
posed for KVRTA include (a) an understanding of the land use
developments within the CBD, () an understanding of demand for
public transportation because of existing and proposed land use
developments, and (¢) coordination between the transit operators
and organizations involved in the land use developments. It is crit-
ical for the transit operator to understand the land use—transporta-
tion relationship before generating alternative transportation facil-
ities. The activity system comprised the “activity centers” within a
region. Activity patterns refer to the type of activity centers, which
include employment, cultural, recreational, retail, and visitor
bases. Travel decisions of people from the activity centers results
in a variety of trips between the activity centers. This gives rise to
demand for a transportation system that provides access within the
activity system.

PROPOSED SOUTHWESTERN WEST VIRGINIA
REGIONAL AIRPORT

The concept of a Southwestern West Virginia Regional Airport to
serve Charleston, Huntington, and Parkersburg has been under
consideration for several years. The provision of public trans-
portation service to airports has received increased attention in
recent years, so the study team identified the necessity to integrate
transit with the proposed regional airport. Even though this is a
location-specific issue, it can be considered a potential oppor-
tunity that needs careful attention of transit managers of small
transit agencies. Two critical strategies identified in this issue
are (a) a close coordination between the transit agency and the
airport authorities during the planning stages of the airport con-
struction, (b) proper planning by the transit operators for providing
fast, convenient, and inexpensive transit services to air passengers,
and (c) planning expansion of services for future increases in
demand.

SUMMARY AND CONCLUSIONS

The summary of long-range planning issues addressed for KVRTA
reflects some of the strategic planning issues important to a small
transit agency. Recent legislative initiatives such as the CAA, ADA,
and ISTEA affect the planning process of the small as well as large

transit agencies. However, several differences between the large
and small transit agencies, discussed earlier in the paper, make the
approach to planning different for small transit agencies. The dif-
ference here is that small transit agencies depend on externally
required service planning documents to develop an internal strat-
egy. Dependence on externally required service planning docu-
ments can be overcome by assessing strategic factors affecting the
agency’s long-term success in terms of strengths, weaknesses,
opportunities, and threats (4,9).

In developing a long-range plan, the agency should first
assess its strengths and weaknesses. For example, compliance
with- the ADA would require coordination between transit and
paratransit providers. An agency might do well in providing
transit services to the local population, but lack of coordination
with paratransit operators could result in inadequate perfor-
mance. An agency must also explore opportunities that might
lead to its future growth and success. Steps should also be taken
to overcome factors that threaten the agency’s ability to carry
out its mission. Economic and social trends, demographic changes,
and political influence within the agency’s service area should
be of primary concern to the small transit operator. For example,
the revitalization process in downtown Charleston represents a
potential change toward the betterment of the society and the
economy.

Subsequently, travel patterns could be significantly altered pos-
sibly requiring a change in transit service characteristics and service
levels. Thus, coordination among transit officials, local government
officials, and other organizations was identified as a necessary tool
to determine future needs of the area and a role of transit in meet-
ing the needs of the population.

Some of the internal issues that may pose problems to a small
transit agency include financial viability, quantity and quality of ser-
vice, managerial and organizational effectiveness, productivity of
human resources, technological capability, and marketing effec-
tiveness. To overcome these threats, the agency should have a
proper direction, and coordination within the agency is a key ele-
ment. Development and implementation of strategies can be
attempted only by overcoming these threats. In general, proper
coordination, management, and motivation of individuals within the
agency are solutions to overcome internal threats. The team plan-
ning approach, discussed earlier, is the best approach to strategy
development by small transit agencies. Local government officials
and representatives from other organizations are usually involved
with the transit agency in developing a detailed implementation
plan identifying tasks, responsibilities, and likely implementation
problems.
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Methods and Strategies for
Transit Benefit Measurement

ALAN J. HOrROWITZ AND EDWARD BEIMBORN

Benefit assessment is done to make decisions, and a general discussion
is given of how to view benefits for that purpose. Benefit assessment
practices from many agencies in the United States are described. Agen-
cies’ reported benefits and their use of benefit measures in actual prac-
tice are compared. The political environment surrounding transit deci-
sions was found to have a major effect on procedures that are adopted
for benefit analysis. The paper also shows how consequences of transit
can be illustrated through the use of a benefit tree, which allows plan-
ners to show how transit service provides an alternative means of travel,
results in changes of trip making by automobile and transit, affects land-
use activity, and leads to direct and indirect employment. Approaches
are described for quantifying benefits. As an example, a method is pre-
sented for calculating the enhanced consumer surplus as a broad mea-
sure of user benefits of a project alternative. Recommendations are
made on how to effectively use benefit measures for selection of pro-
ject alternatives within a political decision-making environment.

Recently there has been increased interest in public transit by local
units of government. Many urban areas have undergone substantial
reviews of their transit services and have developed ambitious plans
for expanding service and for constructing new fixed-guideway
facilities. This increased local interest often coincides with budget
shortages at all levels of government and with increased automobile
ownership and usage. Under such conditions this support for tran-
sit usually means a larger commitment of local funds. Very often
such support is manifested through a referendum or through a major
grassroots effort. There is a local perception that the benefits of tran-
sit are great, so great that people will accept increased local taxes to
pay for them. This has occurred in many cities, but the benefits of
transit are still poorly understood.

Benefits can be viewed as those consequences that are valued by
some segment of the population. Benefits exist because people
believe they are important, whether or not they can be measured (or
if seemingly objective measurement shows them to be nonexistent).
Some communities place a high value on public transit even though
it is difficult to find significant benefits by methods used for other
means of transportation. These communities value transit highly
and are collectively willing to pay a substantial amount of money to
support it. The level of monetary benefits of a transit system in such
places must be viewed as being at least as high as the total local
expenditures (user costs plus subsidies) for transit, maybe substan-
tially higher. )

Benefits can be viewed in different ways, and it is essential to dis-
tinguish among approaches. Much of the debate about benefits
stems from the chosen point of view. Three common viewpoints are
financial, economic, or political.

Center for Urban Transportation Studies, University of Wisconsin—
Milwaukee, P.O. Box 784, Milwaukee, Wis. 53201.

A financial viewpoint includes only those benefits that can be
recovered as income. Benefits are those things that contribute to the
rate of return on the investment in transit. Returns (benefits of tran-
sit) should go directly to the agency to pay the expense of provid-
ing service. External benefits have no value unless they can be cap-
tured by the transit agency.

The economic viewpoint of benefits is broader in that benefits can
accrue to others and still be of value. This viewpoint uses a will-
ingness-to-pay criterion for benefits; that is, how much are users and
nonusers of a system willing to pay for a service regardless of its
price? The difference between willingness to pay and price can be
viewed as a benefit: consumer surplus. The economic view also
assumes that the benefits can be converted into monetary units. Ben-
efits are derived from an analysis of supply/demand equilibrium and
from the behavior of individuals who make choices in an open mar-
ket condition.

The third viewpoint of benefits is a political one. The political
process in a democratic system provides a way for a community to
express its opinion of what is and what is not important. When duly
elected officials make choices, ideally they are expressing the col-
lective feelings of society about the benefits of different govern-
mental activities. The value placed on transit by voters, primarily
nonusers, is an indication of the benefits beyond those accruing to
users. Promotional materials from transit agencies, citizen groups,
and referenda advocates often include environmental improve-
ments, access to jobs, economic development, better mobility for
others, emergency transportation, and enhanced community image
as reasons to support transit.

The political process involves tradeoffs and choices, and it can
be a good indicator of community values. However, there are fac-
tors that may cause the political process to represent opinion
poorly. Lack of open debate, unfair competition between ideas,
overrepresentation of special interests, or consideration of other
unrelated issues (e.g., educational policy or low-income housing)
can inhibit the interpretation of transit decision making as a means
of measuring benefits. This paper presents a summary of a larger
work (/) that provides a look at benefit issues from each of these
viewpoints.

DECISION BASIS FOR BENEFIT MEASUREMENT

Benefit analysis is done so decisions can be made. A decision could
be made for a specific purpose, such as the selection of the best
alternative, or for more general reasons, such as to generate sup-
port for all transit services. Understanding the nature of transit
decisions is the key to benefit measurement. Benefits can be ana-
lyzed by looking at both the product and the decision-making
process itself.
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Product: Cited Benefits

A list of benefits and impacts was compiled from a selection of
alternatives analysis/environmental impact statements (AA/EIS) for
major transit investments. Within the AA/EIS, the federal govern-
ment requires certain impacts to be quantified; local agencies can
add other factors to this list or can elaborate on required items to
make their case more convincing. AA/EIS provide evidence of
which benefits are of greatest importance to each community.
Fifteen ‘alternative analyses, environmental impact statements,
and economic impact assessments were reviewed. These particular
cities were selected because they had had relatively recent projects
and because their analyses appeared to be complete. Results from
this analysis are given in Figure 1. Cited benefits are indicated, as
well as whether an effort was made to quantify the benefits. A read-
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ing of the AA/EIS reveals that communities cite a wide variety of
benefits. There are considerable differences among cities. None of
the cities considered the option value of transit, and most consid-
ered the reduction in automobile trips, land preservation, and tran-
sit operations as benefits.

Process: Local Use of Benefit Measures

Cities around the country were visited to gain a better understand-
ing of transportation decision making and the role of benefits analy-
sis. Cities were selected where expansion of the transit system has
been a significant local issue and where extensive analysis has been
or is being made of the benefits of transit. Four cities were visited,
each of which had undergone or is currently experiencing substan-
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2. Facilities
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*Darker shaded area indicates a quantified benefit

FIGURE 1 Cited benefits in AA/EIS.
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tial discussion of local transit alternatives. The purpose of these vis-
its was to examine how analytical estimates of benefits were used
in decision making and to identify critical factors that lead to the
choice of particular courses of action. This effort also looked into
the role of referenda as a way to gain a community expression of
transit benefits, that is, to determine whether one could estimate
overall perceived benefits by looking at how much a community
was willing to tax itself voluntarily to support transit.

In each community, interviews were conducted to understand
better the technical and political arguments for and against the tran-
sit expansion. In-depth interviews were held with staff members of
transit agencies, local government, and metropolitan planning agen-
cies, and citizens and members of the academic community. A large
number of documents were also obtained, including planning doc-
uments and promotional information that helped to understand the
social, political, and philosophical history of transportation decision
making. There was good agreement among those interviewed about
the key political issues and the areas of dispute.

Issues of Debate

In the communities we visited we found diverse opinions on the
general value of transit and even more disagreement on specific
projects. This disagreement was especially evident when the issue
of building a rail system was a point of local controversy. In these
places transit, in general, may have widespread support, but partic-
ular parts of rail system proposals are seriously questioned. Debates
over courses of action tended to center on benefit issues. Advocates
believed there were substantial benefits of transit investment, and
those people opposed doubted that such benefits exist. In most
cases, these opinions existed independently of any attempts to quan-
tify benefits. Studies that measured benefits were ignored or dis-
credited or cited as authoritative depending on one’s position on the
proposed project. In most places we visited benefits were a matter
of belief rather than an agreed fact. Furthermore, many benefits
cited were intangible and difficult or impossible to measure.

The strongest criticisms came from those who believed that rail
development cannot possibly be cost effective; that is, it cannot gen-
erate sufficient ridership and farebox revenues to justify the invest-
ment. In a role reversal, some critics accused political leaders of
being too visionary, of not appreciating the obstacles to a success-
ful system, and of placing too much faith in travelers’ willingness
to adapt to the changing transportation system. Technical analysis
used to justify rail programs was challenged by opponents who said
that the positive results were predetermined by the chosen methods.
The critics have taken a conservative position relative to the poten-
tial benefits of a rail program, suggesting that most of the benefits
are small and that overall nonquantified benefits do not exist. They
say that it would be better to spend the money on bus services that
can blend with the automobile-oriented life style of the community.
Advocates, on the other hand, placed high weight on nonquantified
consequences and were optimistic about other effects.

In the cities visited, those interviewed felt that the community
supported transit principally because of the promise of congestion
relief. Concerns about air pollution and energy consumption were
also expressed in some locations. Supporters of transit included
downtown interests, who believed that the center of the city could
not experience any future growth without an increase in transporta-
tion system capacity. Comparisons to other “world class” cities
were made in a few of the cities we visited. Transit was seen as an

important factor in civil pride and prestige. However, it was also
mentioned in some cities that transit was supported by people who
feel that they would not personally use it. In other words, their view
was that people want transit so that other people can ride it.

These reasons for transit support in some cities appear to be based
on frustration with the highway system. Transit was presented as a
palatable way of solving the seemingly intractable problem of traf-
fic congestion. It was mentioned in some places that the city once
had a fine streetcar system and things were better then. Lacking tan-
gible evidence that a rail system would actually mitigate today’s
traffic problems, decision makers accepted this contention as an act
of faith.

In some places the issue of socioeconomic status of riders was
mentioned. There was a general agreement that trains have more
status than buses. They can attract a better class of rider because of
the promise of personal safety, comfortable seats, smoother ride,
and attractive surroundings. Asked why these same attributes could
not be given to buses, it was candidly stated by one person that a
better bus environment could not be maintained, given the type of
people taking the bus. A decision has apparently been made to cre-
ate trains for affluent travelers, leaving buses as they were for poor
people. Subsequent to these interviews, a lawsuit has been filed in
one community concerning socioeconomic separation of train and
bus riders.

Socioeconomic status is also affecting route alignments. There is
a discernible tendency to locate rail lines away from richer areas and
near poorer areas, somewhat undercutting the objective of increas-
ing the proportion of affluent riders. The desire to serve poorer areas
is understandable; poorer areas already have a demonstrated need
for transit. The desire to avoid rich areas is not totally explained by
population density or automobile ownership considerations. Inter-
viewees suggested that the rich do not envision taking transit them-
selves but fear an increase in crime in their neighborhoods by
“those” people who do take transit. Another impediment to provid-
ing rail transit in rich neighborhoods is a perception by some indi-
viduals that it is visually unattractive and noisy.

Role of Political Process

Transit planning, especially for new rail systems, is fundamentally
a political process, assisted by technical analysis. Our interviews
showed that most local planners do not believe that it is necessary
to evaluate the benefits of its rail program because they have
received a mandate for the program in the form of a clear political
victory or successful referenda. The decision makers are all actors
in the political process, and they decide which parts of the transit
program receive funding.

Transit is seen by some elected officials as a means of revitaliz-
ing the community, containing sprawl, and encouraging growth in
high density corridors. There is a strong belief in the cities visited
that they have a dynamic community, rapidly changing in both its
urban form and its demographics. The vision of rail transit devel-
opment is that it can help reshape the community into a more effi-
cient one and that it can overcome the almost complete dependence
on highway transportation.

Transit relies on key elected officials for its support. If these key
officials lose elections or leave office, there can be significant
changes in direction. Projects are dropped or scaled back as other
issues gain emphasis. The level of benefits may remain the same,
but different people pursue other political objectives.




In some cases support for transit occurs because of acompromise
among highway goals, environmental interests, and other factors.
Some level of transit investment is needed to gain support for over-
all transportation programs that include substantial investment in
other modes of transportation. Furthermore, support of advocates
for environmental protection is obtained by promoting transit in
exchange for compromises in development policy. Transit is
another issue that mixes into an overall package of programs assem-
bled by elected officials. When the overall picture is explained, the
level of support for transit can make more sense than if transit is

-looked at by itself.

DECISION-BASED FRAMEWORK FOR BENEFIT
ANALYSIS

A number of techniques can be devised to assess benefits of transit
projects in a manner consistent with the decision process. This sec-
tion focuses on just two techniques: the benefit tree and enhanced
consumer surplus. They do not form a complete evaluation frame-
work, but they indicate the needed breadth for transit decision mak-
ing. Other techniques may be found in the original report for this
study (/).

Benefit Tree

Despite the large amount of prior work on transit benefits, there
have been few systematic efforts to deal with the interrelationships
among different benefits nor have there been many attempts to pro-
vide a comprehensive picture of transit benefits. This section
describes a framework that was developed for understanding the
interrelationships among benefits of transit service. The framework
takes the form of a tree diagram.

The benefit tree provides a display of what might happen as the
result of a change to transit service. These consequences may not
necessarily be benefits but merely impacts resulting from the
improvement of a transit system. Impacts can be significant or
insignificant depending on the chosen viewpoint, the scope of
analysis, and the nature of the null alternative.

The benefit tree shows how consequences are related. The tree is
divided into five branches. Vertically, the tree grows more specific
from top to bottom. Double counting occurs when benefits are
included at multiple levels on the tree. Some benefits can be quan-
tified, others cannot. Nonetheless, the tree can provide a way to
consistently compare alternative transit. The five branches are as
follows:

. Alternatives;

. Travel by transit: fewer automobile trips;
. Travel by transit: transit trips;

. Land use/economic activity; and

. Transit supply.

wm AWK -

The tree has a total of 77 consequences, and it is too big to repro-
duce here in its entirety. Part of the tree is shown in Figure 2. The
benefit tree can be used to identify and display the potential bene-
fits of a transit alternative. The first step is to identify those boxes
on the diagram where a transit alternative will be significantly dif-
ferent from the null alternative. Only those consequences generate
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benefits or disbenefits. Each remaining box would then be filled
with numerical or descriptive information to describe the effect.

The example shows Branch 5 of the tree, transit supply, as filled
out for a rail transit alternative compared with the null alternative,
an all-bus system. Plan design and travel demand analysis lead to
the determination that the rail alternative requires 30 light rail vehi-
cles to operate on 32 km (20 mi) of track. Operations and construc-
tion require the resources shown in the tree. A fully filled out tree
could illustrate all consequences and help focus decision making on
key trade-offs among alternatives and aid in the selection of a
locally preferred alternative. This example uses the viewpoint of a
local decision rather than a national decision. As such, conse-
quences that have differential effects at the local level are included.
Decisions at other levels of government may use different assump-
tions and data.

A drawback to the benefit tree is that it is static. It is not possible
to show how consequences occur over time. Should the timing of a
consequence be an issue, then a suitable comment should be added
to its box.

Broad Measurement of Travel-Related Benefits

The largest components of the consequences of transit are those that
relate directly to travel. Travel-related benefits are those that result
from increased accessibility when a transit system is improved.
Benefits can accrue to a transit patron because a trip can be made
with [ess time, cost, or inconvenience by transit than by some other
alternative. Benefits can also accrue to an automobile driver or a
passenger because there might be less congestion on some streets
because of increased transit usage. Benefits can also accrue to trav-
eler who might choose to make an additional trip by either mode or
might choose to switch modes.

Many past benefits studies have determined that the largest sin-
gle user benefit from a transportation system improvement is travel
time savings. Additional user benefits include savings in costs of
fuel, tolls, fares, vehicle ownership, dand vehicle maintenance.
Intangible user benefits can include the comfort of travel and the
ability to make entirely new trips or to satisfy trip purposes by trav-
eling to better but more distant destinations.

In the nation’s largest cities, there has been an increasing interest
in transit’s impact on traffic congestion. There are two aspects to
this impact: (a) the degradation of traffic flow associated with buses
mixed with automobiles; and () the improvements in traffic flow
that might occur if some drivers can be persuaded to take transit.
Both of these effects should be components of user benefits.

When dealing exclusively with highway travel, it is sometimes
possible to estimate user benefits by adding individual components.
For example, by ignoring changes in mode or destination it is pos-
sible to compute time saving from a highway improvement by sub-
tracting the “after” total travel time from the “before” total travel
time. Transit benefits are far more complicated, so it is easiest to
estimate them directly from the net consumer surplus of the system
change. If calculated properly, net consumer surplus will include all
the cited benefits, both tangible and intangible.

Essential Ingredient: Travel Forecast

User benefits in the form of net consumer surplus can be easily esti-
mated, provided that a good travel forecast has been prepared for
the transit alternative and the null alternative. It is important that the
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FIGURE 2 Example of one branch of benefit tree.
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spatial distribution of trips within the forecast should be sensitive to
the amount of transit service, enabling shifts in origin-destination
patterns because of transit improvements. Most travel forecasting
models do not provide this sensitivity; however, it can often be
added with little difficulty. Furthermore, the spatial distribution of
trips and mode split should be sensitive to the level of congestion
on highways. Some travel-forecasting models can do this automat-
ically, others cannot. Planners sometimes refer to a forecast with
this property as having “elastic-demands.”

Procedures for creating such a forecast have been developed over
the past several years and are already available in off-the-shelf
travel-forecasting packages. The essence of this approach is to use
behavioral travel choice models as the indicator of willingness to
pay and the basis for benefit measurement. Additional elements
may be needed, depending on the nature of the transit system mod-
ification and its long-term effects on urban development.

Travel Benefits as Measured by Enhanced Consumer
Surplus

Economists tell us that benefits of any public project can be ascer-
tained by calculating net consumer surplus. Consumer surplus is the
difference between the amount an individual is willing to pay for a
good and the amount the individual actually pays.

For any given transit trip it is possible to calculate a comprehen-
sive measure of its costs and inconveniences, called the trip’s “disu-
tility.” Disutility is most easily interpreted when it is expressed in
units of automobile riding time. A typical disutility function would
look like:

Disutility = automobile riding time + (transit riding time)
- (transit riding weight) + (walking time)
- (walking weight) + (waiting time)(waiting weight)
+ (transfer time)(transfer weight)
+ initial wait penalty + first transfer penalty
+ second transfer penalty + fare/(value of time)
+ (tolls + parking costs
+ vehicle operating costs)/(value of time)
+ (vehicle ownership costs)/(value of time) (@)]

In this equation, the value of time is the rate at which travelers
would be willing to trade money for time savings. The weights,
penalties, and values of time are easily extracted from mode split
models or from psychological scaling studies. Equation 1 deals
exclusively with time, cost, and convenience issues. Additional
terms could be provided for other significant elements of comfort,
such as protection from inclement weather and privacy, if they were
factors in traveler choices.

The only vehicle ownership costs that should be included in
Equation 1 are those that can be attributed to a single trip. It has been
found that travelers do not correctly perceive the full value of their
vehicle ownership costs while making mode choice decisions, so
this term is sometimes omitted. However, it may be that a user reg-
ularly chooses transit to avoid ownership of a second car. In that
case the ownership cost of an automobile should be included in the
automobile disutility equation for those who qualify.

Travelers have a willingness to pay in units of travel time (2).
They will choose to ride only if the disutility of travel (in time
units) is less than their willingness to pay (in time units). Conse-
quently, travelers possess a consumer surplus of disutility in time

TRANSPORTATION RESEARCH RECORD 1496

units. This disutility may be mathematically expressed as a time
savings or maybe converted to monetary units by multiplying by
the value of time. ’

Calculation of Enhanced Consumer Surplus

This enhanced measure of consumer surplus is illustrated in Figure
3 for a single trip. A demand curve shows the relationship between
numbers of trips and trip disutility, expressed in time units. Point 1
represents the original disutility and number of riders taking the trip.
Point 2 shows a new disutility and the number of riders after a ser-
vice change, such as shortening the headway. Because of the ser-
vice improvement, more people have chosen to take this trip. Some
new riders switched from the automobile, some new riders have
changed their choice of destination, and some new riders are mak-
ing an entirely new trip. T is the original disutility, and T; is the new
disutility. All the old riders receive a windfall consumer surplus of
T, — T,. This windfall is illustrated as the shaded area A. New rid-
ers have a net consumer surplus shown in the shaded area B. Con-
sequently, the total consumer surplus can be found from the roughly
trapezoidal, combined area:

]
Net consumer surplus = — L (T )dt 2)
1

where Q(7) is ridership as a function of disutility. Because of the
integral sign, Equation 2 looks more complicated than it really is.
Integral calculus is never actually used to perform such a computa-
tion. Instead, simply divide the service change into several small
increments and approximate the net consumer surplus as a trapezoid
as each increment is applied.

In a multimodal transportation system it is necessary to sum the
net consumer surplus over all possible modes. Total net consumer
surplus for the whole system can be found from this relationship,

T2mij

Net consumer surplus = — ZZZ Q(t)dt 3)

m i j Timij

for all modes (m), all origins (i), and all destinations (j). As before,
the integral is performed by summing the areas of flat, wide trape-
zoids.

The benefit tree does not require that benefits be converted to
monetary units, If it is found to be necessary, enhanced consumer
surplus can be converted to money by multiplying by the value of
time.

B

N

Q, Q,

FIGURE 3 Calculating net consumer
surplus from demand curve.
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Technical Issues

A travel forecast that can properly measure enhanced consumer sur-
plus is no more difficult to run than a conventional forecast, pro-
vided care is taken to compute the necessary values of disutility and
demand for all modes. The types and amount of data, calibration
requirements, and necessary expertise are essentially unchanged.
However, there are certain technical and procedural questions that
must be dealt with.

Composite Disutilities Most travel forecasts find the spatial
distribution of trips throughout the community with a model steps
that exclude information about the quality of transit service. Con-
sequently, such a forecast will not be properly sensitive to changes
in transit service. Forecasters have sometimes included transit ser-
vice into the trip distribution step and the land use step by comput-
ing composite disutilities between origins and destinations that
account for both highway and transit service. The following com-
posite cost function has been found to provide the correct amount
of sensitivity (3):

T,; = In[exp(—aTy;) + exp(—aTl))/—a 4)

where

T,; = the composite disutility from origin i to destination j,
T,; = the disutility by transit,
T,; = the disutility by automobile, and
o = the coefficient for in-vehicle time in a logit mode split
model.

The composite disutility is always smaller than the smallest value '

of its components.

Approximating Net Consumer Surplus Integral with Trape-
zoids Transit service changes can be either discrete or contin-
uous. An example of a discrete service change would be the addi-
tion of a new rail station. An example of a relatively continuous
service change would be an improvement in headways. It would
make sense to compute the net consumer surplus of only part of a
headway improvement, but it would make little sense to compute
the net consumer surplus of only part of a new station. For discrete
service changes, there can be only two possible valid forecasts: with
and without the change. Consequently, net consumer surplus must
be computed as a trapezoid, which will have a slightly larger area
than an integral would find.

For continuous service changes, the calculation of net consumer
surplus can be more precise. The service change can be arbitrarily
divided into several increments, and the net consumer surplus can
be computed for each increment as the area of a flat trapezoid. The
sum of the net consumer surpluses for each increment is the total net
consumer surplus. The major drawback to subdividing service
changes in this manner is the added computation time necessary to
evaluate each amount of intermediate service.

Need for Realistic Null Alternative Net consumer surplus is
always calculated between a before case and an after case. The most
relevant before case is the null alternative, that is, the most likely
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state of the community without the service change. The null alter-
native is not necessarily the current state of affairs. The null alter-
native could include growth or decline, redistribution of activities,
or natural changes in the character of the community. Good null
alternatives are difficult to construct, but they are essential to a valid
calculation of consumer surplus.

A transportation system management (TSM) alternative is not a
null alternative; a TSM alternative, by itself, can have significant
benefits over the current state of affairs. It would be better to look
at consumer surplus among different sets of alternatives; that is,
TSM versus null, proposed versus null, proposed versus TSM, and
so on. This way the net benefits versus costs can be determined.

CONCLUSIONS

The review of existing practice of benefits evaluation suggests that
improvements are needed. It is essential that an evaluation be con-
sistent with community values and with observed travel behavior.
The following list of major findings and recommended procedures
should serve as a set of guidelines for any benefits analysis.

Major Findings

Transit decision making is dominated by intangibles that do not
easily lend themselves to quantification. Some of the most impor-
tant benefits of transit are community pride, health effects of pollu-
tion, potential for urban redevelopment, equity of transportation
service, and its option value.

The political decision process cannot be replaced by an objective
technical evaluation scheme. The political process for transit
decision making is firmly entrenched. Further, the political process
is too complex, too fluid, and too subjective to be replicated by an
objective evaluation procedure.

The political decision process is sensitive to good analysis but
may not respond as the analyst desires. Good technical analysis is
always worthwhile and is appreciated by many political decision
makers. However, decision makers will reject any technical analy-
sis that fails to confirm their beliefs or fails to convince them that
their beliefs are incorrect. Given that the political process is not
objective, it may be difficult to extrapolate on past experiences
when assessing new project alternatives.

The results of any technical evaluation procedures must be intu-
itively correct. Any deviation from intuition will be quickly recog-
nized and will undermine the acceptance of the analysis.

There are many interrelated benefits, leading to problems of dou-
ble counting. Double counting can be explicit or implicit. It is the
responsibility of the planner to avoid double counting and to indi-
cate where unavoidable double counting occurs. This can be
avoided by not aggregating measures and by using the benefit tree.

Evaluations of benefits in environmental impact statements or in
alternatives analyses are limited. Agencies need to become more
aware of good evaluation methodologies and to use the methodolo-
gies in their studies. Many agencies still need to recognize the
importance of EIS and AA to their decision making.

Recommended Procedures

Use the benefit tree to identify important impacts and to help iden-
tify sources of double counting. The benefit tree is a comprehensive
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listing of potentially positive impacts of transit service improve-
ment. Not all impacts may be realized in any given community.
Two impacts in close proximity on the benefit tree may constitute
double counting, especially if one of the impacts is directly above
the other.

Avoid aggregation of benefit measures. Aggregation destroys
information. Transit decision making is complex, and that com-
plexity must be apparent to decision makers. Each decision maker
has a different way of weighing benefits; no aggregation scheme
can possibly represent every set of weights.

Quantify as many benefits as possible. Quantification facilitates
comparisons of alternatives, permits sensitivity analysis, and helps
eliminate ambiguities.

Use a broad-based measure of consumer surplus for travel-
related benefits. This report describes a direct measure of overall
improvement in society, which is termed enhanced consumer sur-
plus. It encompasses time savings, comfort, and convenience.
Enhanced consumer surplus can be measured with readily available
travel-forecasting methodologies. Because of the possibilities of
significant congestion relief, all steps of the travel-forecasting
model should be sensitive to changes in assigned travel times.

Examine changes in efficiency of land uses. Efficiencies occur
because of regional changes in land use and because of local con-
centrations of activities. The effect of regional changes can be
incorporated in enhanced consumer surplus. Local concentrations
are difficult to predict, but their impacts of infrastructure efficiency
may be significant.

Avoid using employment impacts as benefits, unless it can be
clearly demonstrated that the employment would be greater than
the.null alternative. A common pitfall in benefits studies is to count
employment shifts as gains. It would take a very sophisticated
analysis to demonstrate a net increase in employment for most tran-
sit improvements:

Describe benefits that are not quantified. An objective descrip-
tion of a benefit should be provided, even if the benefit cannot be
calculated. It is a mistake to omit valid benefits that do lend them-
selves to a particular evaluation scheme.

Tell how quantified benefits are calculated. The quantification of
some benefits can be technically complicated. Nonetheless, it is
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important to explain the methodologies used in doing the calcula-
tion, including any assumptions made. Techniques must be
explained in a manner understandable to a decision maker; other-
wise it is best to avoid quantification.

Present information in a manner that facilitates decision making.
It is important to treat decision makers with respect and honesty.
Information must be presented in a clear and concise manner, avoid-
ing hidden assumptions and highlighting those issues that are salient
or controversial.
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Relationships Between Public Transport
Finance and National Economy in

The Netherlands

Francis CHEUNG

In 1993, expenditure on all forms of public transport in the Netherlands
amounted to 4.6 million Dutch guilders. This sum accounted for some
62 percent of all central government expenditures on infrastructure and
transport. A research project was undertaken to examine the economic
rationality of such expenditures and to study the relationships between
government expenditures on public transport and the national economy.
The primary objectives were to identify the economic linkages and to
determine the extent to which money spent on public transport con-
tributes to economic development. Phase 1 of the study consisted of a
comprehensive review of the literature to gain insights into the complex
relationships and to compile an inventory list of economic effects. In
Phase 2 a conceptual framework was developed and a pragmatic
methodology was designed so that identified economic effects can be
quantified and monetized. In Phase 3, the Sector and the User
Approaches devised in Phase 2 were evaluated. On the basis of the
results of practical applications on the total public transport program
and on the Rail 21 project, it is suggested that the methodology is capa-
ble of providing a coherent way for integrated estimations of economic
effects to be attributed to public transport finance.

The maintenance of an efficient public transport system plays an
important role in the Netherlands’ Second Transport Structure Plan
(SVV-2) and in the National Environmental Policy Plan 2 (NMP-
2). In these policy documents, conditions are laid down for the
future development of mobility to achieve four policy goals:
improved accessibility, guided mobility, quality environment, and
enhanced road safety. A shift in the modal split in favor of public
transport is warranted, especially for journeys to work in areas
where public transport offers a realistic alternative to car use. This
relatively new role for public transport in strategic planning repre-
sents a shift in emphasis in recognition of the facts that continuous
growth in travel demands cannot be met uninhibited and that effi-
cient use of public transport will help to ease congestion on the
roads. The proposition is that scarce road space can be better uti-
lized for business trips and for road freight, both of which play an
important part in promoting the country’s economic well-being.
Another consideration is that better use of public transport will help
to promote the environmental goals to mitigate air pollution, reduce
noise, and minimize severance (features that are often associated
with the road program).

In the same period, the Dutch government has embarked on a
program of reforms to strengthen the national economy, in particu-
lar by reducing the size of the public sector and cutting back the
level of financial supports. In transport planning, the explicit aims
are to reduce the amount of subsidies given to public transport and
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to increase the cost effectiveness of government-funded programs.
In 1993, total expenditure on all forms of public transport amounted
to 4.6 million Dutch guilders. This accounted for some 62 percent
of all central government expenditures on infrastructure and trans-
port. Conversely, transport projects, particularly investment in
infrastructure, are seen as a way to promote economic prosperity
because they provide employment and play an important role in
strengthening the competitive position of the Netherlands as the
gateway to an enlarged European Union.

In strategic transport planning and in the setting of priorities,
there are political considerations, social arguments, and environ-
mental reasons for supporting specific programs. It is important to
recognize the raison d’état in the choice of projects, particularly
those that require public funding and government support. The aim
of this paper is to describe a project that has been undertaken in the
Netherlands to study the economic relationships between govern-
ment expenditure on public transport and the national economy.
The primary objective is to identify the economic linkages and to
determine the extent to which money spent on public transport con-
tributes to economic development. The exercise will provide a first
step toward defining the economic worth of public transport.

GENERAL DESCRIPTION OF STUDY

The central question is: can the effects of public transport expendi-
tures by government on the national economy be determined? The
primary research objectives are to develop a conceptual framework
and to design an evaluation methodology for the assessment of the
economic linkages. The process involves identification of economic
effects, quantification of those effects, and placement of a (mone-
tary) value on the effects so that they can be compared with the sum
of public transport finance.

The research was divided into three phases. An interim report
was prepared at-the end of each phase to provide informed dis-
cussions and to assist in decision-making regarding the detailed
work program in the subsequent phase. Phase 1 consisted of a
comprehensive review of the literature available at home and
abroad, including case studies. The objectives were threefold:
(a) to identify the economic factors, (b) to study the modus
operandi, and (c) to gain insights into the complex relationships of
these factors.

The purpose of Phase 1 was to compile an inventory list of the
types of economic effects that are associated with spending on pub-
lic transport. The emphasis is less on the theoretical aspect and more
on the practical application concerning how economic effects can
be grouped, measured, and quantified.




The aim of Phase 2 was to develop a conceptual framework and
to design a methodology such that the economic effects could be
quantified and valuated. The goal was to have an integrated frame-
work for systematic and consistent evaluation of major public trans-
port programs.

Phase 3 was a test to ascertain the methodology’s strengths and
weaknesses in practical application. The test was conducted in two
stages. In the first stage the economic worth of the total public trans-
port program was appraised, with the objective of giving a general
estimation of the program’s contributions to the national economy.
The aim of the second stage was to assess the efficacy of the method-
ology when it was applied to a sizable public transport subprogram
that would have significant impacts on travel demands at the national
level. The chosen project was Rail 21, which is a proposal by Nether-
lands’ Railways (NS) that contributes to the SVV-2 discussion on
ways and means to improve the quality of public transport. Its main
feature is a three-train system with international, intercity, and local
services. To accomplish this goal, the NS calls for an investment of
17 million guilders (at 1992 price level) in 1993 to 2010, and the
funding would have to come from the central government.

Three consultants were invited to submit proposals, and Nether-
lands Economic Institute (NEI) of Rotterdam was chosen to under-
take the research. The project was supervised by a steering group
made up of staff members from different departments of the Min-
istry of Transport and from NS.

Scope of Study

Evaluation is a technical process, and the method used will serve as
a tool to assist in decision making. Therefore, it is vitally important
to state clearly the terms of reference so that the context within
which project evaluation must take place is firmly established.

Source of Funding

The primary aim of this study is to identify the economic effects
associated with all kinds of public transport finance. It is useful to
distinguish between different sources of funding: whether generated
by internal sources (e.g., fares revenue or advertising incomes) or
received from public authorities (such as grants and subsidies from
central government, provinces or municipalities). In the Nether-
lands, subsidies and investment funding come almost exclusively
from the central government. It is, therefore, an acceptable simpli-
fication in the early phase not to analyze the effects of alternative
funding methods.

Evaluation of Total Program Versus Individual Projects

This particular exercise was conducted to provide an indication of
the economic effects associated with the total public transport pro-
gram. For the evaluation of individual projects of an incremental
nature, other methods are available, such as cost-benefit analysis
(CBA), cost-effectiveness appraisal, or multicriteria technique.

Revenue Versus Capital Projects

There is a basic difference between capital projects (e.g., investment
in infrastructure or procurement of new rolling stocks) and revenue
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projects (e.g., extension of a local bus network or increase in ser-
vice frequency). However, theoretical understanding of the struc-
tural effects of different types of projects is poor and technical
knowledge of the interrelationship is even more patchy. For reasons
of expediency, no clear distinction is made between the types of
projects, provided that the spending will lead to substantial trans-
port improvement.

Generative Versus Redistributive Effects

This project is geared only toward effects that have an impact on the
national economy. Only generative effects create employment and
stimulate economic growth, leading to a net gain in the National
Income Account. If the positive effects are gained at the expense of
another region, it will be treated as redistributive because the
national economy in balance will not benefit from any net gain.

RESULTS AND FINDINGS FROM PHASE 1

This part of the study was not confined to public transport projects
but had a more general character to cover all relevant literature on
the subject. The survey (/) amounted to a statement on the state of
the art at the time of reporting in December 1993.

Method of Research

Most studies were focused on the theoretical aspects of the rela-
tionship between transport spending and the likely impacts on the
economy. In several cases, methodologies had been developed in
the form of mathematical or econometric that were subsequently
applied to published data to test the validity and robustness of the
model. Some were case studies based on a comparison of the before
and after situations or a documentary report on the historical devel-
opment. A few were macroeconomic studies applying statistical
analyses on cross-section or time-series data. Some studies took the
form of prospective studies that made use of interviews with experts
or relied on the results of questionnaire surveys. The revealed-
preference approach was designed to examine what firms and indi-
viduals actually did. The stated-preference approach (sometimes
utilizing simulation games) attempted to determine what firms and
individuals would do in hypothetical situations. Scenario studies
and investigations based on the Delphi technique provided some
useful insights, even though such studies were largely speculative
in nature and exploratory in character.

Outcomes from Impact Studies
Transport Programs in General

There are few published works on the economic effects of transport
improvement on the economy. The interest of most studies was the
traffic effects of infrastructure investment or changes in general
mobility, rather than wider implications of improved accessibility
effects on economic changes. When cases showing economic
effects were singled out as a topic of interest, the results were often
presented in qualitative statements which ranged from assertions or
claims to platitudes with little evidence to support the case. With
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regard to the importance of forward and backward linkages, the
knowledge is limited (2). To take the case of the high-speed rail
(HSR) projects in France (3), there were indications that the invest-
ment helped to stimulate the local economy and attracted newcom-
ers to locate in the proximity of the HSR. But there was counter-
evidence to suggest that the expected gains for the local economy
did not materialize and, to the contrary, HSR worked as a suction
tube, siphoning off benefits to other regions. A possible explanation
is that transport improvement reduces the need for regional branch
offices and has encouraged concentration of activities in the head
office.

Public Transport Program in Particular

Even less is known about specific impacts of public transport pro-
grams. There are several studies on the effects of individual projects
such as the Victoria Line Study in London (4) or the metro railway
in Los Angeles (5). The former relied on CBA and the latter relied
on effects on land use via changes in the rental values of property
and land prices. The indication is that transport improvement in
suitable circumstances can function as a catalyst to assist other pol-
icy measures to bring about the potential benefits or to hasten the
process of change. However, research studies hitherto have not been
able to establish any direct causal relationship between transport
improvement and changes in the labor or capital productivity of
firms located adjacent to the infrastructure. Another important issue
is the extent to which it is possible to make generalizations on the
basis of a small number of case studies in which local conditions
often had played an important part. At present, there is insufficient
evidence to make convincing generalizations.

Conclusions from Phase 1

The literature survey indicated that most appraisals were based on
CBA, with permanent effects as the central focus, particularly user
benefits associated with the investment project via journey time and
travel cost savings. In some studies, the radiant effect was included,
for example, trip generation by new users. Radiant effect refers to
that group of indirect effects associated with forward linkages that
could affect the economic structure over time. The proposition is
that transport improvement will induce existing firms to expand and
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attract new firms to the area. Likewise, employees and workers will
be influenced by improved accessibility to move into the neighbor-
hood. In a few cases, attention was also given to the temporary
effect. With a few exceptions, direct effects such as employment
and value added in the transport sector were rarely discussed.

The radiant effect is the most controversial topic. In some
research studies, particularly those specializing in marketing, it was
argued that the effect is psychological in nature and is related to an
improved image and a general increase in public confidence in the
local economy. Some researchers tried to construct models to ana-
lyze the changes observed in regional economic development. A
few attempted to adopt a more pragmatic approach and attributed
the residual effects to such forces at work. However, no one has suc-
ceeded in producing a convincing and transparent method that can
illustrate accurately the multiplicity of the interactions.

The consultant recommended the development of an integrated
conceptual framework and (on the basis of this thinking model) an
evaluation methodology that would suit the particular situations in
the Netherlands. A pragmatic approach was proposed to take on
board the knowledge gained from the state-of-the-art review and to
allow for the quality of data available. These recommendations
were endorsed by the steering group with a request that any vital
gaps in knowledge should be identified so that future research can
be programmed to strengthen the methodology.

RESULTS AND FINDINGS FROM PHASE 2

NEI has followed two different approaches simultaneously, regard-
ing them as the spearheads for investigation. The conceptual frame-
work is to view the problem from two different vistas: the produc-
ers’ angle and the consumers’ angle. In the Sector Approach, the
central issue is the extent to which expenditure on public transport
programs acts as a stimulant to the sector that is under discussion
(including feedback repercussions). In the User Approach, the cen-
tral issue is the extent to which improvement in public transport
leads to better allocation and more efficient use of scarce resources
from the society’s point of view. An increase in the opportunity to
make choices and in the range of possibilities is conceived explicitly
as a plus point. The relationships between the two approaches and
the place of the radiant effects are given in Figure 1. Because the two
approaches have different theoretical foundations and philosophical
perspectives, the two set of results should not be added together.

User Approach

radiant effects

radiant effects
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FIGURE 1 Relationships between sector and user approaches.
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Sector Approach

Changes in value added and jobs creation are two major contribu-
tors to the gross national product in national income accounting.
Input-output (I-O) analysis was considered to be the most appro-
priate method to measure the extent of such effects. Production sta-
tistics from the Central Bureau of Statistics (CBS) for the period
1988 to 1991 were used as a data source. In the I-O analyses, par-
ticular attention was centered on changes in final demands.

Temporary, Direct, and Internal Effects

Temporary, direct, and internal effects refer to values added and
employment created in the construction and transport-supply indus-
tries. When values added against market price are corrected for indi-
rect tax paid and for subsidy received, values added against factor
costs are derived. These are made up of wages and salaries, social
security tax, and other incomes such as interest and profits. Gross
values added at factor cost are used to represent the economic
effects for a comparison with the size of public transport finance. In
principle, such effects can also accrue to engineering companies
and consultants, but they are relatively small and thus are excluded.
Another simplification is that all products are made and transport
materials are supplied by companies located inside the country.
Activities performed by foreign companies outside the Dutch fron-
tier are discarded.

Temporary, Indirect, and Internal Effects

The categories temporary, indirect, and internal effects refer to
impulses given to related industries, such as intermediary suppli-
ers and delivery companies, and the chain reactions on delivery
companies to the deliverers (third-order effect), and so on. To cal-
culate these impacts, value-added multipliers and employment
multipliers are used. They have been derived from statistical analy-
ses of production statistics published by CBS. An employment
multiplier of 1.48 means that for every 100 jobs that are created in
the construction sector as a result of the project, 48 extra vacancies
will be created in related intermediary delivery sectors and the sup-
plying subsectors. These multipliers are fairly stable in the Nether-
lands because it would take considerable time before structural
changes in economic relationships would emerge. However, the
multipliers can be affected by technical progress or changes in
business management which increase labor productivity. Rising
labor productivity would mean that less labor is needed per unit of
output.

Permanent, Direct, and Internal Effects

The share of gross value added at factor cost in the total turnover is
extracted from the I-O tables. On the basis of total number of pas-
senger kilometers (pkm) traveled per year and manpower needed,
the number of man-years required for the production of 1 pkm is
derived separately for the railways, urban transport, and regional
transport. These figures were almost constant in 1988 to 1991. For
the railways, a decrease in man-years per passenger-kilometer rep-
resented an increase in productivity that was attributed largely to the
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introduction of the Public Transport Pass for Students (6) in Janu-
ary 1991, and adjustments had to be made accordingly.

Permanent, Indirect, and Internal Effects

These effects relate to changes in value added and in employment
by the car dealers and garages (repairs and maintenance) subsector,
Increases in public transport ridership can be made at the expense
of car ownership and car use. Changes in the number of car trips and
distance traveled affect the volume of sales by car dealers or the
profit of rental companies. Garages and shops responsible for
repairs and maintenance also are affected. An interesting point con-
cerns whether the car left behind is being used by other members of
the family or scrapped. In the first situation, the effects on the econ-
omy are smaller compared with disinvestment in cars. There are
similar repercussions on the bicycle and moped industries as well
as effects on dealers and spare-parts suppliers, but they are known
to be small and so are excluded.

‘Permanent, Additional Effects

Changes in accessibility can induce companies to change location,
particularly in situations in which companies need extra space to
expand or firms seek new opportunities. The magnitude of such an
effect depends on the importance of transport costs, journey time,
and/or reliability to the activities of the affected concerns. Factories
that practice the just-in-time production technique and enterprises
that thrive on logistic cost savings are particularly sensitive to
changes in the transport environment. Analyses of the I-O tables
between 1988 and 1992 and data from company records held by the
Chamber of Commerce suggested some differences in the rate of
job creation among three types of companies: new branch by a
Dutch company, new branch by a foreign company, and expansion
of an existing company.

User Approach

The User Approach is based largely on the CBA methodology. The
approach is centered on a what-if scenario compared with the situ-
ation in a base year. The basic philosophy is that of eliminating the
complete public transport system in a stroke. As a result, all public
transport journeys have to be made by other forms of transport. The
community costs of the drastic change must be estimated (Figure 2).
The parameters are journey time, costs of travel, air pollution, noise,
traffic safety, and efficiency for business trips. Monetary valuations
of these effects give the social costs of losing the public transport
system, and this is compared with the amount of public finance to
give the economic value.

This thinking model has been transformed into a pragmatic
method and has provided a set of useful indicators. Public transport
statistics for train services, urban services, and regional services are
derived from CBS publications and supplemented by annual reports
of operating companies. Displaced public transport trips are
assigned to five other modes: car, motorcycle, moped, bicycle, and
taxi. The diversion tables are compiled by using research findings
from situations in which there was no public transport due, for
example, to general strikes. Diversion is estimated for four journey
purposes: work, business, education, and others and for three dis-
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FIGURE 2 Conceptual framework.

tance classes: up to 5 km, 5 to 10 km, and more than 10 km. Aver-
age speed per mode is expressed in kilometers per hour.

Journey Time

The doing away of public transport leads to an increase in conges-
tion on the road networks both local and regional. Changes in jour-
ney time depend on the level of congestion at any one time. It is
assumed that without congestion, the average speed of a car and taxi
would be higher than that of public transport modes. Changes in
journey time are measured in hours and are identified separately for
the passengers in the base situation per public transport mode and
per journey purpose. These changes are then valued by standard val-
ues of time in Dutch guilders recommended by the Ministry of
Transport. The values of travel time savings are derived from the
results of extensive empirical research (7) in 1988 using revealed-
preference and stated-preference techniques. These official values
subsequently have been updated to give appropriate values for
1991. The next step is to estimate and monetize the effects of diver-
sions on journey time for existing car users and taxi passengers.
Some allowances are made for changes in passenger kilometers and
the speed in the new and old situations.

Costs of Travel

Changes in the costs of travel per passenger kilometer in the with
and without situations are estimated for each public transport mode,
allowing for slight changes in passenger kilometer as a result of a
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change in route choice. Short-distance trips will be replaced by
walking, cycling, or moped travel, for which the cost per kilometer
is lower. For people who switch to car or taxi travel, the increase in
costs is greater. Only variable costs such as petrol prices, parking,
and toll charges are used in the first approximation, and they are
derived from empirical studies into the costs of travel in the Nether-
lands for different trip purposes.

Air Pollution

The elimination of public transport is likely to increase air pollu-
tion. Each transport mode has a set of emission factors for each of
the six pollutants: CO,, CO, CxHy, NOy, SO,, and aerosol. Bicycles
generate no pollution, whereas cars and taxis are responsible for the
emissions of NOx, CO,, and CO. The calculations deal with emis-
sions at the source and are based on the assumption that the com-
position of traffic will change, but traffic density will remain con-
stant. Monetary valuation is expressed in Dutch guilders per
kilogram, and the equivalent table is based on the results of a 1993
NEI study (8) on effects of the opening of the Amsterdam orbital
motorway on environmental quality. Emission estimation is based
on existing technology and know-how.

Noise

This parameter is measured per transport mode per passenger kilo-
meter traveled. Research study results indicated that noise level per
bus or train is higher than that generated by car. The argument is
based on observations that steady constant noise generated by rou-
tine traffic flows is less intrusive than the sound of trains flashing
by at irregular intervals. Another argument is that to meet agreed
frequency in the timetable, buses, trams, and trains have to operate
as scheduled even though travel demand is low; for example, in late-
evening and early-morning hours; hence, the aggregated noise
emission is high. Monetary valuation is done separately per mode.
The look-up table is based on research results into external costs (9)
by another consultant IOO on behalf of the Transport Ministry. The
calculations take into consideration the costs incurred by the gov-
ernment to prevent or reduce noise emissions as well as reductions
in property values as a consequence of noise. '

Traffic Safety

A distinction is made between fatal accidents (including accidents
leading to death) and injuries. The calculation is based on the num-
ber of accidents per transport mode. This is an important consider-
ation in the Netherlands because safety is an explicit policy goal in
SVV-2. On the basis of statistical analysis, the safety record for
public transport is significantly better than that for cars. The valua-
tion table is based on the IOO study which estimated gross produc-
tion losses as a result of death, sick leave, or invalidity as well as
costs of indemnity payments for invalidity in accordance with
Dutch laws and the costs of medical care.

Efficiency Consideration for Business Journeys

Efficiency of business journeys concerns the effective use of in-
vehicle travel time, especially by business travelers doing produc-
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tive work during train journeys. The argument for its inclusion
comes from empirical research using stated-preference techniques
to determine the value of travel time savings in the Netherlands as
well as from the Paris-Brussels- Amsterdam high-speed rails evalu-
ation study carried out by the European Commission.

Radiant Effect

In the User Approach, this aspect is associated with the relocation
of household address. The absence of public transport is likely to
induce people in the long term to live nearer to their work address
and to reduce the number of trips and passenger kilometers traveled.
This effect will have an impact particularly on those people who do
not own a car and those who do not wish to use their car when pub-
lic transport is a good alternative.

Conclusions from Phase 2

The search for greater efficiency in the Netherlands leads to
increased urgency to know the economic worth of the public trans-
port system or, as a corollary, the effect that eliminating public
transport will have on the national economy. This is an important
question that has been raised, and the benefits are often presumed
rather than quantified. Instead of a general description of the effects
using qualitative analysis or relying on tables with scores (using
rating-points or plus and minus signs), the NEI study has put for-
ward a coherent method for integrated estimations of the economic
effects based on the Sector and the User Approaches.

In terms of practicality, the consultant concluded that radiant
effects are difficult to isolate. Firm theoretical understanding of the
dynamics of interactions between transport and land use is lacking.
Another prerequisite is ready availability of comprehensive and
quality data on traffic, transport, and land use. To minimize the dan-

ger of including spurious claims and to avoid possible double count- -

ing, it was agreed that the radiant effects would not be included in
the calculations. However, as soon as the required knowledge is
available, it should be incorporated.

For performance assessment, NEI recommended that gross value
added at factor costs based on the Sector Approach and monetized
values calculated for each of the economic effects in the User
Approach should be added up and the totals compared respectively
with the cost of the public transport program. However, the results
from the two approaches should not be added together. The steer-
ing group endorsed the recommendation and agreed that the
methodology should be tested in real-life situations.

PHASE 3: APPLICATION OF EVALUATION
METHODOLOGY

First Stage: Total Public Transport Budget

The first stage is to apply the methodology to estimate the contri-
butions of the public transport program to the national economy.
According to the Sector Approach, public transport in 1990 con-
tributed over 5.8 million guilders to the national economy (Table 1)
in the form of gross value added at factor costs and was responsible
for providing some 66,000 jobs. The largest share of these eco-
nomic achievements had a permanent character, accounting for 86
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TABLE 1 Economic Significance of Public Transport Based on
Sector Approach, 1990

Gross Value Added (at{ Employment
factonj costs) (in man years)
(in million guilders)

The sectors

Temporary Effects

- Construction sector 322 4,885
- Transport supply industries 148 2,475
- Intermediary delivery to construction 263 3,320
- diary delivery to suppliers 102 1,410
Subtotal 835 12,090
Permanent Effects

- railways sector 4,010 43,700
- intermediary delivery to PT 960 10,125
Subtotal 4,970 53,825
Total Effects 5,805 65,915

percent of all gross value added and 80 percent of employment. In
the User Approach, with the most recently available sets of data, the
economic cost of doing away with public transport amounted to 6.6
million guilders in 1991 (Table 2). In another words, the society had
to pay for substantial increases in travel costs and for deteriorations
in traffic safety in the without-public-transport situation in order to
sustain the same level of mobility in pursuit of their regular eco-
nomic and social activities.

The monetized values calculated by either of the two approaches
were significantly higher than what the government had spent in
public transport financing. This provides a first approximation of
the economic worth of public transport in general.

Second Stage: Rail 21 Project

In the second stage, the methodology is applied to the Rail 21 pro-
ject. In the calculations, it is assumed that the SVV-2 policy mea-
sures would be enacted and the Rail 21 proposals would be financed
by the central government. Required infrastructures and planned
service improvements (as foreseen by NS in its strategic marketing
plan) would be implemented. Capacity of the network would
increase and quality of services would improve significantly lead-
ing to increases in railway patronage. The Economic significance of
the Rail 21 package is estimated using the Sector and the User
Approaches.

In the Sector Approach, based on the value added multipliers and
employment multipliers, the likely contributions of Rail 21 for 2010
are estimated. Allowances have been made for changes in the level
of fares envisaged by NS and for known changes in labor and cap-
ital productivity between 1993 and 2010. The temporary and per-
manent effects resulted from the realization of Rail 21 are estimated
to contribute 2.35 million guilders in gross values added at factor
cost and almost 22,000 jobs per year throughout the study period.

The User Approach is based on the scenario of what would have
happened if the Rail 21 project had been fully implemented and then
assumed to disappear subsequently overnight. Calculations are
made on the basis of a direct comparison in the composition of traf-
fic and the intensity of use for different transport modes in the situ-
ations with and without Rail 21. Extra traffic generated by both
existing and new rail passengers would have to be assigned to alter-
native transport modes. The contribution of Rail 21 is the difference
in the overall economic effects. The economic value is estimated to
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TABLE 2 Economic Significance of Public Transport Based on User Approach, 1991

Effects Monetary values (in million guilders)
Journey Time - 700
Travel Costs 5,509
Air Pollution 99
Noise - 61
Traffic Safety 1,510
Efficiency of Business Trips 241
Total 6,598

be about 2.6 million guilders per year, associated largely with
increases in journey time, travel costs, and accidents.

Conclusions from Phase 3

The results suggest that use of this methodology allows the estima-
tion of the economic significance of the total public transport pro-
gram as well as major subprograms as exemplified by the Rail 21
project. However, because of its exploratory nature, the results from
Phase 3 should be interpreted with caution. The empbhasis is on the
efficacy of the evaluation methodology and less on exact precision
of the calculations. This is because the outcomes are dependent on
validity of the simplifications and accuracy of the assumptions. The
steering group is of the opinion that the conceptual framework is
functional and that the methodology gives a reasonably good indi-
cation of the direction of change. Without excessive demands on
data, the NEI model is able to give the rough order of magnitude of
various economic effects. Admittedly, the methodology still leaves
much ground for improvement and refinements; what matters is that
a systematic method in its embryo form has been developed.

GENERAL CONCLUSIONS AND
RECOMMENDATIONS

1. The conceptual framework developed in Phase 2 provides a
thinking model to evaluate the economic significance of public
transport finance. The evaluation methodology offers a practical
means to quantify and monetize the different économic effects such
that a formalized procedure can be adopted for an integrated esti-
mation of the economic effects. Total effects can then be compared
with incurred costs to give a general indication of the economic con-
tribution. It has been applied successfully to two real-life situations:
the total public transport program and the Rail 21 subprogram. The
experience suggest that the evaluation results should not be taken as
the final word on the absolute value of public transport finance. But,
when the methodology is used with intelligence and understanding
of its strengths and weaknesses, it can serve as a suitable tool to
assist decision making.

2. The outcomes of the two approaches should not be added
together because the theoretical foundation and the philosophical
perspectives are quite different. They represent two ways of view-
ing the same problem. However, when the results are laid side by
side, the similarities in the rough order of magnitude reinforce one
another. It is reasonable to conclude that the methodology provides
a rough guide to the economic worth of expenditure on a public

transport program even though the estimates are tentative and the
order of magnitude indicative.

3. The results should not be used uncritically. For an intelligent
use of the instrument, it is particularly important to make explicit
the underlying assumptions used and to make transparent the struc-
tural equations deployed in the model. These can be scrutinized and,
if necessary, changed -in the light of better information or new
insights from future research.

4. Existing valuation and transformation tables have been con-
structed on the basis of empirical findings, research results, con-
ventional wisdom, accepted practices, and educated guesses. They
are deemed plausible working assumptions; however, there are also
reservations on several sensitive policy areas. A list of observations
follows.

—A crucial assumption is the gross simplification that the elim-
ination of public transport will not lead to a reduction in the total
number of trips but only a switch to other forms of transport. It is
not realistic, but it provides the first stage of developing a think-
ing model.

—Future technical progress is hard to predict, but new technol-
ogy can and will have significant impacts on noise, pollution,
speed, and traffic safety; for example, electronic road guidance
systems will affect road safety, save energy, and reduce air pol-
lution.

—The government is not the only provider of funds for the pro-
vision of public transport. To assume that all of the effects are
related to government spending is an overestimation. Moreover,
a viable public transport network might be able to survive with
services provided on commercial grounds in areas where there is
a high density of population and where movements are concen-
trated in particular corridors. The practical difficulty is to define
such a commercial network in the absence of knowledge about
the business inclinations of the entrepreneurs.

5. Several important areas are suspected to be sources of under-
estimation, and a few examples follow.

—For congestion, it is assumed that the displaced passengers
will be evenly distributed spatially, hence the effect will not con-
centrate on particular corridors or/and during particular times of
the day. Because the average speed of the car is faster than that
of public transport, the traveling public as a whole actually ben-
efits from reductions in journey time as a consequence of elimi-
nating public transport. This is a gross simplification that has
been made for reasons of expediency (lack of detailed knowledge
at the link level). In practice, it is commonly recognized that on
particular sections of the motorway (e.g. along the Utrecht-The
Hague axis), there is already substantial congestion and further
increase will only lead to a complete standstill.




24

—Only changes in variable car costs are included. Fixed costs
such as the cost of buying a car and paying for the road license
fee are not included. The model assumes that passengers will
switch to cars that are already there. Realistic estimation of the
costs of car ownership or the imputed cost of leasing a car for pri-
vate use will provide a better comparison.

—Although the radiant effects have been expounded to be
important, such items have been excluded because of lack of
knowledge. This is an important omission if the aim of the exer-
cise is to evaluate the long-term impacts of major policy changes
or to assess the economic significance of large-scale transport
programs. Advances in dynamic transportation/land use model-
ing would contribute valuable insights into the process of struc-
tural changes, and efforts should be made to further the capabil-
ity of the methodology.

—At present, the transport program is considered in isolation.
It is possible that the public transport program has been con-
ceived as part of an overall strategy to regenerate the economy.
The combined forces of a mix of policy measures reinforced by
carefully chosen projects can generate more effects than separate
projects undertaken on their own.

—The public transport program may be designed to have a sup-
porting role to ensure the success of the regional policy or to fight
unemployment in a local district with redistribution as a stated
policy goal. The existing methodology makes no allowance for
such considerations.
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Modifying Transit Mode Share in
Household Survey Expansion

IAN HARRINGTON AND CHEN-YUAN WANG

A procedure to modify the proportion of expanded trips by different
travel modes from the 1991 Boston Regional Household-Based Travel
Survey is presented; it is based on two data sources: the Census
journey-to-work data and local transit ridership estimates. The procedure
is a two-step adjustment applied to the existing survey trip expansion
factors, which yielded a much higher volume of transit trips than the
regional ridership estimates. The first adjustment step adjusts the expan-
sion factors of commuters (persons who reported work trips in Survey)
by matching the distribution of commuters in the Survey to the Census
journey-to-work data by travel modes and residence-workplace loca-
tions. The second adjustment step is an iterative process that revises the
expansion factors of other individuals (noncommuters) in the Survey by
matching the expanded transit trips to the regional transit ridership esti-
mates by transit submodes. It is assumed that the adopted procedure
improves the randomness of the survey sample for modeling purposes.
The adjusted trip expansion factors produced from the procedure are
used to weigh the survey sample for mode choice model estimation, trip
distribution model calibration, or other model evaluation purposes.

This paper presents a procedure to modify the proportion of
expanded trips by different travel modes from the 1991 Boston
Regional Household-Based Travel Survey. The Survey used an
activity-based diary as a survey instrument and was designed fol-
lowing the small-sample technique (7,2). Despite taking precau-
tions to avoid biases, analysis of the sample indicated a significant
nonresponse bias leading to an overestimation of transit use. This
procedure was thus developed to alleviate the nonresponse bias for
applying the survey findings to regional mode choice model esti-
mation, trip distribution model calibration, and other descriptive
purposes.

The procedure is a two-step adjustment applied to the existing
household survey trip expansion factors. The first adjustment step
adjusts the expansion factors of commuters by matching the distri-
bution of Household Survey commuters (persons who made work
trips) by travel modes and residence-workplace locations to the
Census journey-to-work data. The second adjustment step is an iter-
ative process that revises the expansion factors of other individuals
(noncommuters) in the Survey by matching the expanded transit
trips by submodes to the regional transit ridership estimates.

The existing trip expansion factors from the 1991 Boston
Regional Household-based Travel Survey were déveloped through
a series of data processing. The primary expansion was performed
by matching the Survey expanded households to the 1990 Census
Transportation Planning Package by ring (geographical subregion),
household size, and vehicle availability. The expansion was further
modified by matching the expanded household totals to the Census
household totals at a land use zone level and by synthesizing unre-
ported trips for the missing-one-diary households. The expansion

Central Transportation Planning Staff, 10 Park Plaza, Suite 2150, Boston,
Mass. 02116.

yielded a comparable number of total households in the region but
did not produce a favorable total regional transit ridership estimate.

Through expansion of a sample of nearly 4,000 survey house-
holds, the number of intraregional linked transit trips was estimated
to be about 974,000, which is about 30 percent higher than the
regional transit ridership estimate. As considered from available
sources of local transit ridership estimates (3-5), the regional total
linked transit ridership was estimated as 747,000 trips in this study.
Moreover, when disaggregated by transit submodes, the magnitude
of overestimations is significantly different. Commuter rail trips
were highly overestimated, and the overestimation of bus only trips
was as serious as rapid transit trips.

These estimations divulge the complexity of bias problems
involved in the survey. The survey response data were reviewed for
possible information on sample bias, but the information available
on the selected households that did not respond to the survey was
inadequate for analysis. In addition, analysis of changes in survey
responses with respect to lateness of diary return, another possible
source of bias information (6), proved inconclusive.

The overestimation of transit trips might be caused by oversam-
pling or undersampling of certain categories of households (nonre-
sponse bias) or by inaccurate reporting of transit trips by individu-
als (inaccurate response bias). In this study, it was assumed that the
former is the major cause of the problem, and the adjustment was
therefore primarily developed at household and person levels, not
at the trip level. By making the sample more representative of the
population, based on the Census journey-to-work data and the local
transit ridership estimates, the proposed procedure was expected to
improve the randomness of the survey sample for various modeling
purposes.

ADJUSTMENT STEP 1: MATCHING TO CENSUS
JOURNEY-TO-WORK DATA

This adjustment step was conducted by using the Census journey-
to-work data, which are deemed more reliable than the Household
Survey because of the Census’ larger sample size (about 17 percent
compared with about 0.25 percent). The journey-to-work data from
the 1990 Census Transportation Planning Package for the Boston
metropolitan region provide estimates of residence-workplace
flows by a longest-distance travel mode for all working people (16
years or older) living or working in the region. The Household Sur-
vey, on the other hand, provides information of origin-destination
flows by multiple (if not single) travel modes for all work purpose
trips (including home-based and nonhome-based) produced by sur-
vey households in the region.

To be analogous to the Census data, the Survey data were
processed by tracing the work trip maker’s residence and workplace
locations and linking the multiple-mode trips into single-mode
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ones. The two data sets were then compared by travel modes and
residence-workplace locations at the ring level. The comparison
yielded a set of adjustment factors. Each survey work trip maker
(simply referred to as commuter hereafter) was associated with an
adjustment factor by mode and residence-workplace locations. In
application, the adjustment factor was then applied to all the trips
(not just work trips) made by the commuter.

Identification of Commuters and Their Residence-
Workplace Locations

The Household Survey data are organized in three components:
household, person, and trip files. The identification of commuters
and their residence-workplace locations was done by using the
household and trip files because the trip origin and destination infor-
mation was not available from the person file.

The survey trips file includes information on each trip’s origin
purpose and destination purpose. A trip was regarded as a work trip
if the origin or destination purpose is to work. Once the work trips
in the trips file were identified, the associated commuters and their
workplace locations were acquired from the trips file directly as
well. However, their residence locations were obtained by tracing
the commuters’ household locations from the survey households
file.

The intra-regional trips (both residence and workplace in the
region) were included for this study. School bus and taxi trips
reported in the Survey and the Census were left out of this study
because separate models are used for estimating the generation rates
of those trips. In some cases, one commuter produced several work
trips with different workplace locations. The first work trip of the
day with an identifiable mode, residence, and workplace by each
commuter was thus chosen for identification because the Census
journey-to-work questions focus on the travel from home to work.

Categorizing Single Travel Mode for Survey
Journey-to-Work Trips

As mentioned, the Survey trips were recorded in a multiple-mode
fashion (up to six modes), and the Census journey-to-work data
manifest the single longest-distance mode by a worker. The identi-
fied Survey journey-to-work trips using more than one mode were
thus required to be categorized in a single-mode format.

The categorizing is complicated by the fact that the Census uses
trip and mode definitions that differ from those used by the house-
hold survey. As presented in Table 1, the definitions of the various
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travel modes in the Survey and the Census are different, especially
the transit submodes. Also, the definition of trip (or journey) is dif-
ferent. The Census asks its respondents to describe how they travel
from their residence to their workplace. In the case that more than
one mode is used in the journey, the respondent is asked to state
which mode is used over the greatest distance.

The Household Survey asked respondents to describe trips
between activities. If the respondent traveled from activity “At
Home” to activity “Work,” this trip would be a Home-Based-Work
trip and is directly comparable to the journey-to-work inquiry made
by the Census. If, however, the commuter goes to an intermediate
activity between home and work (convenience store, health club,
and such), then the journey was viewed as two distinct trips: a
home-based-other trip (HBO) and a nonhome-based-work trip
(NHBW). To compare the Survey and Census data sets, it is neces-
sary to concatenate the multiple-trip work journey in the Survey,
especially that involved with any transit mode.

The Survey journey-to-work mode was categorized at two lev-
els: (@) automobile, transit, and nonvehicular and (b) transit subdi-
vided as bus, subway, and commuter rail. First a trip was regarded
as transit if any one of the modes it used was bus, rapid transit, or
commuter rail. It was regarded as a nonvehicular trip if all of the
modes it used were not involved with private or public vehicles.
Other trips not included in the above two groups were categorized
as auto trips.

Second a transit trip was further categorized into commuter rail,
rapid transit (including subway and trolley, for simplification just
referred to as subway hereafter), or bus-only trip by a simple rule
that commuter rail overrides subway, and subway overrides bus.
This assumes that the commuter rail usually is the longest part in a
journey and that the subway ride is longer than the bus. The assump-
tion was made because the travel time or distance of a separate
mode in a trip was not available in the Survey and neither was the
location where transfer between modes was made.

However, manual path building for all Survey transit work trips
involving multiple modes was performed to accurately compare the
journeys-to-work as reported in the Survey with those reported in
the Census. By examining the origin, destination, parking, and other
activities of each identified transit work trip, it was possible to spec-
ify a mode for each trip presumably the same as the Survey respon-
dent would have reported to the Census.

Once the residence-workplace locations and the single travel
mode of the Survey commuters were identified, the Survey journey-
to-work flows then could be synthesized. Before matching the Sur-
vey journey-to-work flows to the Census, the transit share of the two
data sets was analyzed.

TABLE 1 Definitions of Survey and Census Travel Modes for Analysis

Mode of Travel Household-Based Census
Major Mode Sub-Mode  Survey Journey-To-Work
Auto Car, Van, or Truck Drive Alone or 2+ Carpool
Transit Bus Only MBTA Bus, Private Bus, and the RIDE Bus or Trolley Bus
Subway Red. Green, Blue or Orange Line Subway or Elevated, and
Rapid Transit Service Streetcar or Trolley car
Railroad Commuter Railroad Railroad

Non-Vehicular

Bike, Walk, and Others

Blcycle, Walk, Motorcycie, Ferry,
and Others
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Analysis of Transit Share by Travel Modes

The Survey transit share was first examined by separating the total
flows by travel modes. The identified commuters with their identi-
fied single travel modes to work were expanded to be compared
with the Census. Table 2 presents the synthesized Survey journey-
to-work and the Census journey-to-work flows by travel modes.

As shown in Table 2, the Survey yielded somewhat comparable
shares of total travel in the region by major mode (i.e., automobile,
transit, or nonvehicular). However, at the transit submode level (i.e.,
bus only, subway, and railroad), the Survey yielded a much differ-
ent proportion of transit trips from the Census.

It was also noted that the Survey expansion yielded less com-
muters (by about 12.6 percent) than the Census. There are several
reasons for this disparity. First the Census requested the most fre-
quently used means of journey during the week before receiving the
Census survey form, whereas the Survey requested the journey
information for a certain date, which excluded people who did not
work on that exact date. Second, the Census included working per-
sons living in group quarters, whereas the Survey did not. Also, the
commuters with unknown modes (about 2,000 commuters) were
simply left out of the Survey totals, whereas in the Census this por-
tion presumably has been taken into account.

Analysis of Transit Share by Residence-Workplace
Locations

The Survey transit share was further analyzed by grouping the flows
by the residence-workplace locations. As shown in Table 3, the syn-
thesized Survey journey-to-work flows were grouped into 25 resi-
dence-workplace exchanges (at ring level) and were displayed by
transit share to the total flows of each group. The Census journey-to-
work flows are also displayed in Table 2 for comparison. The defin-
ition of geographical rings in the study area is shown in Figure 1.

In general, the Survey yielded a transit share distribution that is
incompatible with the Census. Among the 25 residence-workplace
exchanges, only nine pairs had the Survey and Census transit share
estimates within 20 percent of each other (i.e., transit share ratio
ranging from 0.8 to 1.2). When compared with the Census, the Sur-
vey produced higher transit shares for the flows from the outer rings
to the inner rings (Rings 0 and 1) especially central area (Ring 0);
about the same shares for intra-ring or neighboring ring pairs; and
lower transit shares for the flows from the inner rings to the outer
rings (Rings 2, 3, and 4). )

The overestimation portion (the first group, i.e., flows with work-
place in Ring O or 1) required major attention because the Census
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indicated that 85 percent of the regional transit journey-to-work
flows was in travel to the inner rings. It was postulated that this
excessive transit flow was one potential source of bias that caused
the overestimation of Survey transit trips. Therefore, the synthe-
sized Survey journey-to-work flows were matched to the Census by
not only travel modes but also residence-workplace locations.

Correspondence Between Survey and Census by Modes
and Locations

The correspondence is a cell-to-cell adjustment between the two
tabulated data sets. The synthesized Survey journey-to-work flows
were tabulated by the 25 residence-workplace exchanges and five
travel modes (Table 4). The Census journey-to-work data were
processed in the same manner (Table 5).

To produce the adjustment factors, the cell values of the two tab-
ulations were transformed from numbers of commuters to shares of
subregion (ring) total by residence location. The cell adjustment
factor was then obtained by simply comparing the share from the
Survey with, that from the Census. In formulation, the adjustment
factor for the commuters traveling from r to w by mode m can be
expressed as

cm.,,,/z > Com

w o m

Anm = ey

Spum /Z > Soum

w m

where

r = residence location, Ring O to Ring 4;

w = workplace location, Ring 0 to Ring 4;

m = travel mode in which 1 is auto, 2 is bus, 3 is rapid transit
(subway and trolley), 4 is commuter rail, and, 5 is non-
vehicular;

A,.» = adjustment factor for identified Survey commuters
residing in ring r, working in ring w, and traveling via
mode m;

C,.» = Census estimates of number of commuters residing in
ring r, working in ring w, and traveling via mode m; and

S,.m = expanded Survey estimates of number of commuters
residing in ring r, working in ring w, and traveling via
mode m.

The resulting adjustment factors for the Survey commuters vary
from 0.12 to 5.41, with half of them ranging from 0.50 to 1.50.

TABLE 2 Summary of Commuters by Travel Modes in Region

Journey To Work Mode of Travel

All-Mode

Within the Region Auto Bus Only Subway Railroad Non-Veh. Total

Survey Total 1,366,741 49,854 129,121 37,936 118,956 1,702,608
Percent 80.3% 2.9% 7.6% 2.2% 7.0% 100.0%
Census Total 1,586,413 86,057 106,694 27.774 133,993 1,940,931
Percent 81.8% 4.4% 5.5% 1.4% 6.9% 100.0%

Note: about 2,000 commuters with unknown modes were not included in the Survey totals.
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TABLE 3 Comparison of Survey and Census Journey-to-Work Transit Share by Residence-Workplace Locations Before

Adjustment
"Survey" Journey-To-Work Census Journey-To-Work Ratio of

Residence Workplace Total Transit Transit Total Transit Transit Transit Share
Ring Ring Workers _ Users Share Workers  Users Share =Sur./Cen.

0 0 54,827 23,163 42.2% 54,503 15913 29.2% 1.45
1 0 108,785 60,018 §5.2% 119,087 58802 49.4% 1.12
2 0 82,282 35,639 43.3% 82,301 29998 36.4% 1.19
3 0 72,876 26,761 36.7% 72,609 20050 27.6% 1.33
4 0 26,722 1,627 28.5% 25,549 6767 26.5% 1.08
0 1 14,369 5,723 39.8% 21,743 8394 38.6% 1.03
1 ] 130,404 24,759 19.0% 165,061 32948 21.3% 0.89
2 1 52,070 9.516 18.3% 65,532 10516 16.0% 1.14
3 ] 40,168 7.136 17.8% 43,379 3782 8.7% 204
4 1 10,044 750 7.5% 14,581 1337 9.2% 0.81
0 2 6,757 1,676 24.8% 9.408 2499 26.6% 0.93
1 2 42,521 2.828 6.7% 49,142 7728 15.7% 0.42
2 2 127.882 2,632 2.1% 156,319 5869 3.8% 0.55
3 2 74,570 1.917 2.6% 85,694 1545 1.8% 1.43
4 2 25,276 0 0.0% 31,765 335 1.1% 0.00
0 3 4,294 777 18.1% 6,139 613 10.0% 1.81
1 3 23,223 2,263 9.7% 28,636 3106 10.8% 0.90
2 3 64,363 0 0.0% 69,841 1953 2.8% 0.00
3 3 288,573 1,779 0.6% 336,898 3190 09% 0.65
4 3 126,204 447 0.4% 149,897 683 0.5% 0.78
0 4 543 0] 0.0% 1,809 124 8.2% 0.00
] 4 3.993 173 4.3% 5,668 530 9.4% 0.46
2 4 10,928 0 0.0% 9,971 241 2.4% 0.00
3 4 47,391 0 0.0% 47.47 212 0.4% 0.00
4 4 263,543 1,327 0.5% 298,228 3370 1.1% 0.45
Regional Total 1,702,608 216,911 12.7% 1,940,931 220,525 11.4% 1.12

There were 36 cells with missing adjustment factors because those
cells had zero identified Survey commuters. They were then
assigned an adjustment factor of 1.00 in applications.

Application of Adjustment Factor

The identified commuters from the Survey then were assigned an
adjustment factor based on each commuter’s identified modes and
residence-workplace locations. For each commuter, the adjustment
was applied to all the trips, not just work trips, he or she made on
the survey day. This was based on the assumption that oversampling
and undersampling of individuals, not of trips, is the major source
of bias. It was also assumed that all of the trips made by a working
person on an average work day are basically related to his or her
journey-to-work life style.

Effects on Expansion after First Adjustment Step

As indicated in Table 6, the procedure did reduce the total number
of transit trips by about 9.3 percent. It also produced more compa-
rable estimates of subway and commuter railroad trips.

This adjustment to the expansion yielded 490,200 subway trips
(which is about 15.3 percent different from the ridership estimate of
425,200 trips) and yielded 71,300 commuter rail trips (which is 13.5
percent higher than the estimate of 62,800 trips). These two transit
submode ridership estimates were deemed to be composed mostly
of work trips, especially the commuter rail.

The reduction of transit trips was attributed mainly to the modi-
fication of mode share and residence-workplace distribution for the
working population in the Survey. However, the number of
expanded transit trips was still much larger than the transit ridership
estimates, especially in the bus only trips. This leads to the next step
of adjustment, which was aimed to modify the mode share of the
nonworking population in the Survey.

ADJUSTMENT STEP 2: MATCHING TO
REGIONAL TRANSIT SUBMODE RIDERSHIP
ESTIMATES

Although the previous step adjusted work trips by mode according
to the estimates in the 1990 Census Transportation Planning Pack-
age, the volume of expanded survey trips using transit still far ex-
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ceeds the regional estimates. The only remaining measure available
for adjustment of the survey is the regional transit ridership estimates
by submode, so the final adjustment step is weighting the trips taken
by nonworkers to match the transit submode ridership totals.
Altering the expansion factors according to mode of travel could
dramatically alter the expanded number of trips within a household,

\ ANDOVER™, ) -
ANDOVER . 3 - 5
R N ) : 9.

29

L7 WEST A
7 NEWBURY 3
A =" NEWBURY

N
NORTH BOXFORD

. WEST
i BRIDGE-
WATER

WAREHAM
3 N

ROCHESTER

so this adjustment was performed in an iterative fashion. At each
iteration, after adjusting the weights applied to each nonworker
according to the transit submode ridership totals, the expansion fac-
tors were revised to keep the expanded total number of trips taken
by the households within each ring constant. The process continued
until the submode adjustment factors were close to 1.
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TABLE 4 Synthesized Survey Journey-to-Work Flows by Residence-Workplace Locations and Travel Modes

Residence Workplace Mode of Travel Ring

Ring Ring Auto Bus Only Subway Rairoad Non-Veh. Total Total

0 0 12,709 7,041 16,004 118 18,955 54,827

0 1 6,370 1,431 4,292 0 2,276 14,369

0 2 4,989 155 1,521 0 92 6,757

0 3 3,517 251 526 0 0 4,294

0 4 543 0 0 0 0 543 80,790

] 0 35,270 8,556 51,462 0 13,497 108,785

1 ] 77,573 7,479 17,280 0 28,072 130.404

1 2 38,267 0 1,635 1,293 1,426 42,521

1 3 20,960 773 1,302 188 0 23,223

1 4 3,820 0 0 173 0 3,993 308,926

2 0 43,116 4,036 22,252 9,351 3,527 82,282

2 1 39,554 5,927 2,494 1,095 3,000 52,070

2 2 117,208 2,267 365 0 8,042 127,882

2 3 62,529 - 0 0 0 1,834 64,363

2 4 10,684 0 0 0 244 10928 337,525

3 0 4,879 3,538 6,469 16,754 4,236 72,876

3 1 32,2038 3,408 2,310 1,418 829 40,168

3 2 71,456 1,376 541 0 1.197 74,570

3 3 271,886 1,436 0 343 14,908 288,573

3 4 46,690 0 0 0 701 47,391 523,578

4 0 18,385 1,036 412 6,179 710 26,722

4 1 9,294 0 0 750 0 10,044

4 2 25,276 0 0 0 0] 25,276

4 3 125,401 447 0 356 126,204

4 4 247,162 697 356 274 15,054 263,543 451,789
‘Total by Modes 1,366,741 49,854 129,121 37.936 118,956 1,702,608 1,702,608

Percent of Total 80.3% 2.9% 7.6% 2.2% 7.0% 100.0% 100.0%

Estimation of Regional Transit Submode Ridership
Totals

An extensive effort was undertaken to obtain an estimate of the
regional total linked transit ridership by submode on an average 1991
weekday. The estimation was derived by incorporating estimates of
(Massachusetts Bay Transportation Authority (MBTA), commuter
rail, rapid transit, and bus ridership (3), Logan Airport bus ridership
(4), ridership on services by other regional transit agencies within the
Eastern Massachusetts region (based on unpublished estimates from
the Massachusetts Executive Office of Transportation and Con-
struction, regional planning agencies, and regional transit authori-
ties), and private bus schedules (5), together with estimated transfers
between submodes (based on unpublished reports of the 1993 sys-
temwide commuter rail and 1994 systemwide rapid transit surveys
conducted by the Central Transportation Planning Staff) for the
period of household survey (March, April, and May 1991).

The rule of linking multiple-mode trips is the same as that used
to identify single travel mode for the Household Survey work trips
(see previous adjustment step). As a result, the total intraregional
linked transit trips made by the regional residents on an average
weekday for the three transit submodes was estimated as

o Commuter rail: 62,800 trips,
e Bus: 259,100 trips, and
e Rapid transit: 425,200 trips.

Starting Point of Iterative Process

Assuming the journey-to-work adjustments reflect the undersam-
pling or oversampling of the sampled households as well as the
workers, the starting point of the iterative process was to adjust the
expansion factor applied to each nonworker by the average journey-
to-work adjustment factor for the workers in his or her household.
This is computed using the following formula:

n A y
B= “* @
ﬁzévorker
where

h = household series number,
p = person series number,
n = number of workers in household A,
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TABLE 5 Census Journey-to-Work Flows by Residence-Workplace Locations and Travel Modes

Residence Workplace Mode of Travel Ring

Ring Ring Auto Bus Only Subway Rairoad Non-Veh. Total Total

0 0 13,697 5,851 9.947 115 24,893 54,803

0 1 11,233 3.363 4,998 33 2116 21,743

0 2 6,372 975 1,440 84 537 9.408

0 3 5,225 266 284 63 301 6,139

0 4 1,247 38 59 27 138 1,509 93,302
1 0 56,265 18,946 39,274 582 5,020 119,087

1 1 84,713 17,853 14,885 230 37.380 165,061

1 2 39.874 4,108 3.426 194 1,540 49,142

1 3 24,945 1.420 1,527 159 585 28,636

] 4 5,047 163 337 40 91 5,668 357,594
2 0 51,515 9.298 16,276 4,424 788 82,301

2 1 53,803 5,462 4,411 643 1,213 65,532

2 2 134,187 4,161 1,443 265 16,263 156,319

2 3 67,279 1,173 583 197 609 69,841

2 4 9,602 100 85 56 128 9.971 383,964
3 0 51,111 3.126 5,275 11,649 1,448 72,609

3 1 39.113 728 1,076 1,978 484 43,379

3 2 83,642 788 342 415 507 85,694

3 3 315,139 2,486 250 454 18,569 336,898

3 4 46,861 138 12 62 398 47,471 586,061
4 0 18,568 1,483 4an 4,813 214 25,549

4 1 13,119 320 179 838 125 14,581

4 2 31.173 105 33 197 257 31,765

4 3 148,070 478 33 172 1,144 149,897

4 4 275,613 3,238 48 84 19.245 298,228 520,020
Total by Modes 1,686,413 86,057 106.694 27.774 133,993  1,940.931 1,940,931
Percent of Total 81.7% 4.4% 5.5% 1.4% 6.9% 100.0% 100.0%

B, = adjustment factor for nonworkers in household 4, and
A, = journey-to-work adjustment factor for worker p in house-

hold A.

The regional total expanded trips by mode were obtained from
the previous steps and were divided into total submodal trips by

workers (Wm) and nonworkers (Vm). They can be shown as

p#worker

Wm = Z(T‘hpln " E/rp : Ahp)

hpm

pFworker

‘/m = Z(Thpm ' Ehp ° Bh)

hpm

TABLE 6 Summary of Expanded Trips by Mode and Purpose after Journey-to-Work Adjustment

Trip Mode of Travel All-Mode
Purpose Auto Bus Only Subway Rairoad Non-Veh Unknown Total
HB Work 2,370,200 83,800 178,300 40,700 192,000 5,900 2,870,900
HB School 469,400 47.300 72,300 4900 310,700 800 905,400
HB Other 5,228,800 122,200 102,200 18,400 716,700 5,800 6,194,100
NHB Work 1,629,500 30,400 70,200 3,700 458,900 900 2,093,600
NHB Other 1,448,600 38,800 62,400 3,100 343,800 400 1,897,100
Total 11,046,500 322,500 485,400 70,800 2,022,100 13,800 13.961.100
Percent 79.1% 2.3% 3.5% 0.5% 14.5% 0.1% 100.0%
Before Adj. 10,975,400 291,400 578,900 104,100 2,063,200 13,500 14,026,500
78.56% 2.1% 4.1% 0.7% 14.7% 0.1% 100.0%
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where

m = 1,2,3,4 in which 1 is bus, 2 is rapid transit, 3 is commuter
rail, and 4 is others;

W,, = regional total number of trips using mode m by workers;
V., = regional total number of trips using mode m by non-
workers;
T,,m = number of trips using mode m by individual p in house-
hold 4;

E,, = existing expansion factor for individual p in household A;
B, = adjustment factor for nonworkers in household #; and
Ay, = journey-to-work adjustment factor for worker p in house-
hold A.

Submodal Ridership Adjustment

In the iteration procedure, the trips by workers were kept constant
because their expansion factors were unadjusted, whereas, the trips
by nonworkers were revised from iteration to iteration. The first
step of the procedure was to produce estimated adjustment factors
for each transit submode by comparing expanded trips totals with
the regional transit ridership estimates by transit submode. Sup-
pose the targeted regional transit ridership estimates are K1, K2,
and K3 for the bus, subway, and commuter rail, respectively; the
mode share adjustment for each transit submode (m = 1, 2, or 3) at
the first iteration ({ = 1) is computed as

K — W)
vi— 1

m

AL, = 5)

where

A, = mode share adjustment factor for transit mode m at
iteration i,

K, = targeted transit ridership estimates for transit mode m,

W,, = regional total number of trips using mode m by workers,

V.. = regional total number of trips using mode m by nonwork-
ers, and

Vi-! = expanded volume of trips by all nonworkers using transit

mode m from previous iteration where at first iteration
Vo=V,

The adjustment factor for the nontransit trips is then determined
as a function of the ridership estimates and various expanded trip
volumes. In formulation, it is computed as

[ DV = D (K = W) — N"-']
. m=all m=transi
A, = T ©)
where
Al, = mode share adjustment factor for all nontransit modes m

at iteration i, .
K,, = targeted transit ridership estimates for transit mode m,
W,, = regional total number of trips using mode m by workers,
N'—! = total expanded trips of unknown mode by all nonworkers
at iteration / — 1, and
Vir! = expanded volume of trips by all nonworkers using non-
transit mode m from the previous iteration.

TRANSPORTATION RESEARCH RECORD 1496

Individual Weighting Adjustment

It is assumed that the individuals (not their trips) have been over-
sampled or undersampled so the nonworker adjustment factor is esti-
mated as a weighted average of the submodal adjustment factors,
with the weighting done by the modal distribution of the individual
non-worker’s trips. This is reflected in the following equation:

. Z(j‘hpm . Ehp : Bh : Az‘n)
A‘hp == (7)
Z(Thpm . Ehp . Bh)

where

Aj, = individual weighting adjustment factor at iteration i for
nonworker p in household 4,
T),» = number of trips using mode m by individual p in house-
hold A,
E,, = existing expansion factor for individual p in household 4,
B, = adjustment factor for nonworkers in household 4, and
Ai, = mode share adjustment factor for transit mode m at
iteration i.

Adjustment of Trip Production Totals at Ring Level

To prevent this adjustment from altering the volume of trips pro-
duced in the region, the expanded volumes of trips by nonworkers
by ring of residence after the nonworker individual weighting
adjustment are matched to the preadjustment expanded totals by
ring of residence. This is illustrated in the following equation:

all

> (Topmr * Eip * By

. hpm
A= Tan 3)
Z(Emmr . Ehp : Bh ° A;:p)
hpm
where

Al = ring adjustment factor at iteration / for ring r,
Tipmr = number of trips using mode m by nonworker p from
household & residing in ring r,
E,, = existing expansion factor for individual p in house-
hold A,
B, = adjustment factor for nonworkers in household 4, and
A}, = individual weighting adjustment factor at iteration i.

Final Adjustment Factor
The iteration procedure is repeated until the submodal adjustment
factors are close to 1. The final modal adjustment factor for non-

worker p in household A within ring r can then be shown as:

Alypr =B II_I(A;rp : A‘r) ()]

Results of Second Adjustment Step

Before the first iteration, commuter rail trips by nonworkers were
63 percent of their estimated total, rapid transit trips were 68 per-
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TABLE 7 Summary of Expanded Trips by Mode and Purpose after Transit Ridership Adjustment

Trip Mode of Travel All-Mode
Purpose Auto Bus Only Subway Railroad Non-Veh Unknown Total
HB Work 2,372,000 83.000 175.900 40,400 191,800 5,900 2.869.000
HB School 478,100 30,700 50,800 3.400 328,500 600 892,100
HB Other 5,311,800 87,700 79,700 12,700 717,800 5,900 6,215,600
NHB Work 1,531,200 29,900 69,700 3.700 459,000 900 2,094,400
NHB Other 1,477,600 30,300 50,300 2,300 331,400 400 1,892,300
Total 11,170,700 261,600 426,400 62,500 2,028,500 13.700 13.963.400
Percent 80.0% 1.9% 3.1% 0.4% 14.5% 0.1% 100.0%
Before Adj. 11,046,600 322,500 485,400 70,800 2,022.100 13.800 13,961,100
79.1% 2.3% 3.5% 0.5% 14.5% 0.1% 100.0%

cent of their estimated total, and bus trips were 62 percent of their
estimated total. At the initial iteration, about 90 percent of the indi-
vidual weighting adjustment factors were between 0.95 and 1.05,
less than 2 percent of them are less than 0.65, and none of them are
over 1.05. The ring adjustment factors for the first iteration ranged
from 0.98 to 1.04.

The ridership estimate-survey estimate ratios (i.e., the mode
share adjustment factors) after five iterations were 0.98 for com-
muter rail, 0.99 for rapid transit, and 0.98 for bus, and all of the fifth
iteration personal adjustment factors were between 0.95 and 1.05.
Also, at the fifth iteration, the ring adjustment factors ranged from
0.999 to 1.002. These ratios appeared acceptable, so the combina-
tion of factors from the first five iterations were applied to the appro-
priate records in the survey trips file.

As indicated in Table 7, while making this adjustment, the tran-
sit trips were reduced by 14.9 percent (by about 131,000 trips) from
the previous adjustment step. The largest reduction is in the bus only

trips (reduced by 18.3 percent). As a result, the three transit sub-
mode trips are all within 1 percent of the regional transit ridership
estimates.

CONCLUSIONS

The household survey information generally is organized into three
components: household, person, and trip files. Ideally, the expan-
sion factors computed for the household file are adequate for the
person and trip files, and additional weights need not be computed
(7). In some cases, however, the additional adjustments are neces-
sary in application of the survey data because of the poor matching
of regional totals of persons or trips.

It is desirable that the adjusted expansion factors are distributed
similar to that of the original expansion (developed at household
level). Table 8 summarizes the ranges of expansion factors from

TABLE 8 Comparative Distributions of Households by Expansion Factor Ranges

Range of Step O: Step 1: Step 2:

Expansion Original Journey-To-Work  Transit Ridership
Factors Expansion Adjustment Adjustment

0-50 12 0.3% 16 0.4% 17 0.4%
50-150 309 8.0% 367 9.5% 391 10.2%
150 - 250 735 19.1% 719 18.7% 715 18.6%
250 - 350 847  22.0% 865  22.5% 838  21.8%
350 - 450 884  23.0% 837 21.8% 832 21.6%
450 - 550 484 12.6% 457 11.9% 447 11.6%
580 - 650 242 6.3% 232 6.0% 256 6.7%
650 - 750 123 3.2% 137 3.6% 142 3.7%
750 - 850 78 2.0% 70 1.8% 64 1.7%
880 - 950 29 0.8% 34 0.9% 32 0.8%
950 - 1,050 17 0.4% 18 0.5% 19 0.5%
1,050 - 1,580 45 1.2% 53 1.4% 52 1.4%
1,550 - 2,050 17 0.4% 15 0.4% 18 0.5%
2,050 - 2,550 8 0.2% 12 0.3% 13 0.3%
2,580 - 3,050 14 0.4% 12 0.3% 7 0.2%
> 3,050 0 0.0% 0 0.0% 1 0.0%
Total 3.844 100.0% 3,844 100.0% 3.844 100.0%

Note: In Adjustment Steps 1 and 2, the expansion factors for a survey
household is a weighted average of dll the persons in the houseshold.
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TABLE 9 Comparison of Expanded Trips by Trip Purpose

Trip Unexpanded Before Adjustment  Adjustment
Purpose Data Adjustment _ Step ) Step 2

HB Work 20.9% 20.6% 20.6% 20.5%
HB School 6.3% 6.5% 6.5% 6.4%
HB Other 43.2% 44.1% 44.4% 44.5%
NHB Work 16.3% 15.2% 15.0% 15.0%
NHB Other 13.3% 13.6% 13.5% 13.6%
Total 35,318 14,026,500 13.960.100 13,963,400

TABLE 10 Comparison of Expanded Trips by Transit Submode

Regional Transit Original Journey-To-Work Transit Ridership

Transit Ridership Estimates Expansion Adjustment Adjustment

Sub-Mode Trips Share Trips Share Trips Share Trips Share

Bus Only 259.100 34.7% 291,400 29.9% 322,500 36.7% 261.600 34.9%

Subway 425,200 56.9% 578,900 59.4% 485,400 55.2% 426.400 56.8%

Railroad 62.800 8.4% 104,100 10.7% 70.800 8.1% 62,500 8.3%

Total 747,100 100.0% 974,400 100.0% 878.700 100.0% 750.500 100.0%
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Congestion Management Through Bus
Metering at the Lincoln Tunnel

ARNE Pavis, ANDREW SARACENA, H. NATHAN YAGODA, AND AL BAUER

The Lincoln Tunnel is a three-tube, six-lane tunnel connecting New
York to New Jersey and is owned and operated by the Port Authority of
New York and New Jersey. The tunnel provides weekday 3-hr p.m. peak
service for approximately 22,000 vehicles, of which nearly 10 percent
are buses. Bus traffic is concentrated in priority access lanes to avoid the
general traffic peak congestion queues. The bus priority access lanes
merge with selected lanes of general traffic near the tunnel’s entrance
portal. The resultant “bus-rich” traffic stream is turbulent, with an aver-
age throughput of 1,050 vehicles per hour; this stream consists of 350
buses and 700 cars per lane during p.m. peak hours. In 1993, the Port
Authority conducted a test on fixed-rate access metering applied
upstream of the bus and general traffic merge point at the New York
entrance portal. The access metering investigation results showed a 15
percent increase in throughput, a 20 percent decrease in trip travel time,
and a 20 percent reduction in the dispersion of 1-min flow rates (i.e., a
more uniform traffic stream) with access metering, compared to
unmetered access. The metered bus access lane was found to be a key
factor in the experiment, since the bus drivers exhibited a high degree of
compliance with the meter control. Their adherence fostered passenger
car compliance, resulting in a smooth-flowing traffic stream. Extrapola-
tion of the test results to the entire Lincoln Tunnel facility yields an
increase in peak hour tunnel capacity of 1,000 vehicles per hour.

The Lincoln Tunnel is a three-tube, six-lane facility that provides
access from New Jersey to midtown Manhattan (New York City).
The facility is owned and operated by the Port Authority of New
York and New Jersey. The Lincoln Tunnel was constructed in 1937
and consisted of a two-lane tube (now designated the center tube).
The north tube was added in 1945, and the south tube was added 10
years later. The resultant complex services more than 110,000 vehi-
cles on an average weekday, over 22,000 vehicles during each of
the two daily 3-hr peak periods. The traffic mix at the tunnel is var-
ied, with buses representing approximately 10 percent of the peak
period vehicles. To facilitate mass transit, the tunnel management
concentrates bus traffic in priority access lanes to allow them to
bypass the p.m. peak congestion queues, which average 1,000 vehi-
cles. Traffic in the bus priority access lanes from the Manhattan bus
terminal merges with the general traffic flow in the outbound lanes
near the tunnel’s entrance portal. The resultant traffic stream tends
to be turbulent with an average throughput of 1,050 vehicles per
hour (vph), in the lanes used by buses. The traffic mix consists of
350 buses and 700 cars during these peak hours.

The congestion management strategy for general traffic utilizes
the timely reversal of the center tube’s traffic direction to optimally
match the tunnel service to the existing demand. This management
technique reflects due consideration of the aggregate, unserved

A. Pavis, H. N. Yagoda, A. Bauer, Computran Systems Corporation, 100
First Street, Hackensack, N.J. 07601. A. Saracena, Port Authority of New
York and New Jersey, One World Trade Center, Floor 72N, New York, N.Y.
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demand that develops over the peak period and the availability of
appropriate roadway on which the unserved queues may be stored.

Utilization of the Lincoln Tunnel is asymmetric. The a.m. peak
period is heavier in the Manhattan-bound (inbound) direction, and
the p.m. peak travel period produces an increased outbound flow.
As a result, the Port Authority’s operating strategy for the facility
provides four inbound lanes in the peak a.m. period and four out-
bound lanes in the peak p.m. period on normal weekdays. This
reflects reversal of the center tube to meet the demand.

Congestion management at the Lincoln Tunnel reflects a strategy
that includes priority service for mass transit vehicles and prudent
choice of the approach roadways selected for storage of unserved
demand. Bus access into the tunnel during the peak period is facil-
itated in the a.m. peak period by a contraflow lane on I-495 that per-
mits bus access directly to the toll plaza, thus bypassing the general
traffic queuing normally present during the a.m. peak. During the
p-m. peak period, dedicated lanes allow direct egress from the Port
Authority’s Manhattan bus terminal to a merge point before the
entrance portal of the tunnel’s center tube. This arrangement per-
mits priority service for buses, avoiding delays.

Aerial surveys of the Lincoln Tunnel indicate that the unserviced
demand peaks at approximately 1,000 vehicles in both the a.m. and
p-m. peak periods: In the morning, the Manhattan outbound flow is
light, and significant queuing does not develop, even though only
two outbound lanes are available. The delay due to congestion and
queuing in the a.m. peak period is confined to inbound non-bus trav-
elers. In effect, bus travelers are permitted direct access into the tun-
nel, whereas cargo and passenger vehicles must approach the tun-
nel through a regional network of roads and access lanes that serve
to store the queues built up during the peak periods.

In the p.m. peak period, outbound travel is accommodated by
reversal of the center tube at approximately 3:30 p.m. This action
matches available capacity to the demand for service and minimizes
the need for storage on the Manhattan street network and on the
New Jersey road system. In the process, queuing during the p.m.
peak period is directed to those roadways where adequate storage
exists and reasonable congestion management techniques can be
used. This mode of operation is maintained until approximately
7:00 p.m., when the peak demand for outbound service sufficiently
subsides so as to permit reallocation of the tunnel complex to a con-
figuration of three lanes in each direction. By that time, the unserved
peak queue of approximately 1,000 vehicles begins to dissipate and
the congestion subsides within about 30 min.

The capacity of the Lincoln Tunnel, as measured in passenger car
equivalents (PCEs), is approximately 9,000 PCEs, with one bus or
truck being equivalent to two cars. When this capacity is compared
against the peak period maximum queue of about 1,200 PCEs,
(1,000 cars and 100 trucks), it is apparent that the peak period queue
is approximately equal to 13 percent of total hourly production
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capacity. Unfortunately, storage capacity requirements, congestion
abatement principles, and the necessity of providing priority service
for transit vehicles produces a situation in which significant queu-
ing occurs in both New York and New Jersey. In effect, motorists
seeking access to Manhattan through two lanes in the p.m. peak
period experience delays of approximately 24 min under normal
conditions. Furthermore, when multiple incidents are experienced
during the early part of any peak travel period, the lost productivity
contributes between 2 to 4 min of delay per incident per lane. Thus,
on some occasions, the peak period congestion (and the associated
delay) is twice the norm, and Manhattan-bound travelers may wait
50 min or longer before obtaining access to the tunnel.

In the late 1950s, Eddy and Foote conducted experiments in .

which access constraints at the Lincoln Tunnel produced through-
put improvements of 7 to 10 percent. These early control experi-
ments demonstrated the possibility of improving productivity
through access control measures.

In 1993, the Port Authority commissioned Computran Systems
Corporation to perform an evaluation study to determine the bene-
ficial impacts that might be achieved from access metering. One
phase of this program addressed the application of metering to the
tunnel’s bus traffic. The principle that motivated the study was that
fluctuations in the normal traffic patterns at the Lincoln Tunnel tend
to increase the dispersion observed in traffic flow and reduce the
sustained average long-term productivity. In effect, metering was
being investigated as a possible method of obtaining a more uni-
form input stream at the tunnel. The expectation was that a decrease
in the dispersion (i.e., short-term flow rates) would result in an
increase in the average total peak period productivity. The results
of the experiment confirmed these expectations on a statistically
significant basis for all measured variables.

CONTROL CONCEPTS

Preliminary studies conducted at the Lincoln Tunnel have revealed
that the production rates observed in short-term measurements, (i.e.,
1-min totals) often approached 1,800 PCEs per hour. However, the
tunnel’s sustained longer-term productivity (i.e., 15-min totals and
greater), generally reflected throughput rates of 1,400 PCEs per
hour or less. These data reflect the traffic mix, which consists of
roughly one-third buses and two-thirds passenger vehicles at a pro-
duction level of 1,050 vehicles per hour.

A metering experiment was designed to test the improvements in
longer-term tunnel productivity. The site selected for evaluation
was the tunnel’s center tube, north lane. This roadway is served by
two approach lanes: one provides direct access for buses exiting
from the Port Authority’s Manhattan terminal, and the other lane
provides passenger vehicle access from the southern approach road-
ways that service the Lincoln Tunnel complex.

Metering signals were installed in two lanes with the intent of
alternately metering buses and cars. An attempt was made to match
the metering process to the underlying traffic mix of two passenger
cars per bus. As aresult, the metering practice adopted released two
passenger vehicles for each bus released. The rate of metering was
controlled by a personal computer host and was made adjustable
from a baseline of 700 cars and 350 buses per hour (i.e., 1,050 vehi-
cles per hour) to a peak rate of 900 passenger vehicles and 450 buses
per hour (i.e., 1,350 vehicles per hour).

A schematic diagram of the control system layout on the
approach roads to the center tube is shown in Figure 1. The place-
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ment of the traffic metering signals reflects the type of vehicles on
which control is imposed and the need for a more homogeneous
mixing of the two streams seeking access into the tunnel. For this
reason, the metering rate for passenger vehicles was uniformly set
at twice the metering rate for buses. The offset between the release
time for buses and the release time for passenger vehicles was made
field adjustable, so as to permit fine-tuning of the merge process.

OPERATIONAL ADJUSTMENTS

Transit vehicle metering was examined at various meter rate set-
tings. It was observed that several days of familiarity with the sig-
nals were required before a reasonable level of bus driver compli-
ance developed. Furthermore, the rate at which metering was set
seemed to exhibit a resonance in compliance when the physical
characteristics of the bus stream were best matched by the meter
rate imposed. In effect, metering at a rate of approximately 400
buses per hour produced a smooth bus stream in which vehicles
could coast to the meter signal, and thereafter accelerate smoothly
through the merge point. Lower meter rates appeared to impose
additional delay, which was objectionable to certain drivers, and
higher rates produced a premature green indication. As a result, the
metered bus stream seemed to flow most smoothly at approximately
400 buses per hour, even though a small percentage of the bus traf-
fic involved articulating vehicles that took longer to pass the signal.

Compliance of the passenger vehicles to the metering signal was
sporadic, compared to the compliance of buses. A substantial per-
centage of the passenger vehicles seemed unconcerned with the
color of the signal when they approached the control point; some of
this behavior continued even after the initial “training period” had
passed. As aresult, the smoothness of flow that developed in the bus
stream was not apparent in the stream of passenger vehicles. How-
ever, the bus driver’s adherence to the metering signal forced the
passenger vehicles into a reluctant compliance. When certain pas-
senger vehicles attempted to violate the right-of-way of a metered
bus, the bus driver forced compliance by blocking the merge point.
The results of the confrontation caused subsequent motorists to
observe the metered signal. The smoothness of travel achieved by
the bus traffic lane exceeded that of the passenger vehicle lane, but
the ratio of buses to cars gaining access to the tunnel matched the
metering ratio.

There was an apparent reduction in the size of the unserved queue
of passenger vehicles that sought access via the metered lane. At
first, this condition was attributed to shortfalls in the demand for ser-
vice. However, in subsequent evaluation, the dissipation of queued
demand was accounted for by the increased productivity that caused
a corresponding reduction in the number of unserved motorists
awaiting access.

Data collection was conducted over 24 separate p.m. peak peri-
ods. Twenty-five percent of these samples were measured without
metering in effect. The remaining samples reflect approximately five
meter rates in the range between 1,000 and 1,400 vehicles per hour.

The data was collected with a personal computer from vehicle
detectors in each of the metered access lanes. Primary data were
recorded at the time each vehicle detector was actuated and released.
In effect, the time of arrival and departure of each sensed vehicle was
recorded and stored on a computer disk for subsequent processing.

Analysis of the data was performed in a sequential fashion. First,
the raw data were processed to generate 1-min flow rates in each
metered lane. These data were compared to concurrent records of
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One of the principal variables of comparison was the average The results indicated that without metering, the average peak period |
production rate achieved during the approximately 2-hr peak period production rate was approximately 1,050 vehicles. When metering i
that comprised each daily sample. These average production rates was imposed, production rates of approximately 1,200 vehicles per |
were compared with the average 2-hr peak period production rates hour were achieved. This translates into a production rate of approx-

achieved in the six unmetered samples. imately 1,400 PCEs through the tunnel’s lane.
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A quantitative comparison of the average peak period production
rates is shown in Figure 2. On this graph, each test day’s through-
put is shown along with the respective meter rate in force that day.
Additionally, the graph shows the upper and lower three-sigma
boundaries of the unmetered throughput average. These data indi-
cate that the average unmetered productivity is statistically differ-
ent from each of the metered samples using a three-sigma confi-
dence test criteria. In essence, the average productivity of the
metered north lane of the center tube is statistically superior to the
average productivity obtained without metering. The effect of the
meter rate itself upon the observed performance is not discernible,
and a linearized curve fitting of the data is relatively flat and approx-
imately constant over the range of the examined meter rates.

As a second indicator of observed impact, the sequence of 1-min
flow data was plotted as a function of time for each of the samples.
A typical history obtained without metering is shown in Figure 3,
and a typical pattern with metering is shown in Figure 4. Compari-
son of these records indicates two significant improvements. First,
the average productivity with metering is greater than the average
productivity without metering. Second, the range of variation in 1-
min flow rates experienced without metering is significantly greater
than the range of 1-min flow rates experienced with metering. In
effect, metering increased the average productivity and decreased
the dispersion in the throughput data. The result is a more uniform
flow into the tunnel and a higher production rate through the tunnel
facility.

Volumetric throughput is a key measure of tunnel productivity.
It is the mark of the number of vehicles that were serviced through
the facility. However, this measure of service quantity is only one
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of the principal indicators of improved performance. A service
quality indicator was developed from measurements of the travel
time experienced under both metered and unmetered conditions. A
total of 6 sample days were selected for this analysis. Three of the
sample days were metered days; the other three sample days
reflected unmanaged operation, and were not metered. The study
compared the travel time during the samplie days to measure the
impact of metering on the quality of service. The measurement of
travel time was accomplished through the use of video camera
recorders. Inflow and outflow at the tunnel was recorded concur-
rently throughout the 2-hr peak period. These video data were then
reduced by the selective tracking of three identifiable vehicles that
entered the tunnel in each of the twelve 10-min periods that com-
prised each 2-hr peak sampling interval. In effect, a total of 36 trip
times, uniformly distributed over the 2-hr peak period, were used to
measure service quality. The average and dispersion of trip time
data were compared for each of the six selected samples. The result
indicated a 20 percent decrease in the average travel time through
the tunnel, and a decrease of 15 percent in the variation in peak
period trip times when metering was imposed.

Analysis of the data clearly indicates that both the quantity and
quality of service available with metering in operation were supe-
rior. Furthermore, the increase in the peak period throughput
obtained with metering in effect reduced the delay experienced by
queued motorists by reducing the number of queued vehicles and
servicing the ones queued faster. Accordingly, metering produced
an even greater beneficial impact on total travel time, since the wait-
ing time to enter the tunnel and the time required to traverse the tun-
nel were both reduced.
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The total impact of metering at the Lincoln Tunnel is only par-
tially reflected in the improved quantity and quality of service expe-
rienced by motorists exiting from Manhattan in the p.m. peak period.
The metering of access into the tunnel reduces queuing of excess
demand in New Jersey as well as in New York. In effect, increased
throughput for New Jersey-bound traffic permits an earlier reversal
of the center tube from the four-lane/two-lane mode to a balanced
operation of three lanes in each direction. Acceleration of this rever-
sal expedites the increase of the Manhattan-bound capacity by 50
percent (i.e., from two lanes to three) and significantly reduces the
extent of congestion and the duration of peak traveler delay. Fur-
thermore, extrapolation of these principles to the entire six-lane
facility indicates that the increased productivity will match the pre-
sent peak period demand. The effect of an improvement of this mag-
nitude is significant relief of the peak period congestion that cur-
rently develops at both entrance portals of the Lincoln Tunnel.

CONCLUSION

The experimental program conducted by the Port Authority at the
Lincoln Tunnel indicated that metering of mass transit vehicles
improved the quality and quantity of service provided to these trav-
elers and all other travelers who shared a common roadway. Thus,
the impact of metering of transit vehicles was beneficial to all.

A representative sample of 400 buses that exit the Manhattan bus
terminal in the normal weekday p.m. peak period carries between
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12,000 and 16,000 passengers. In addition, passenger vehicles in the
Lincoln Tunnel average approximately five people per four vehicles
(i.e., 1.25 persons per vehicle). Therefore, the capacity of the Lin-
coln Tunnel was raised by approximately 2,000 travelers per hour
through the use of access metering. In addition, peak period travel
time was reduced in excess of 1 min for each of the travelers in the
metered tube. This improvement corresponds to a savings of 250
person-hr of congestion delay each p.m. peak period. The annual-
ized savings in gas consumption, air pollution, and other socially
undesirable penalties complement this improvement in mobility.

The economic impact of improved tunnel productivity on the
congestion experienced at the New Jersey side of the tunnel was not
quantitatively assessed. However, if peak queuing approximates
1,000 vehicles each weekday p.m. period, and peak delay approxi-
mates 30 min, then the size of the peak p.m. period congestion that
exists is on the order of 500 vehicle hours per day. With an average
vehicle occupancy of 1.25 passengers, it can be projected that the
magnitude of congestion experienced by motorists seeking service
through the Lincoln Tunnel in both the a.m. and p.m. peak periods
totals more than a quarter-million travel hours per year. All mea-
sures that reduce this avoidable delay are critical to the economic
vitality of the region and warrant added investment in improving
system performance. Consequently, the investigative team recom-
mended moving forward on implementation studies of access con-
trol on all approaches to the Lincoln Tunnel.

Publication of this paper sponsored by Committee on Highway Capacity
and Quality of Service.
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Program Performance Versus

Transit Performance: Explanation for
Ineffectiveness of Performance-Based
Transit Subsidy Programs

BriaN D. TAYLOR

Concomitant with increasing state support of public transit has been a
growing concern in state houses over the operation of “empty” buses
and trains and the desirability of tying state transit allocations to transit
performance. Despite the popularity of performance-based transit sub-
sidy programs among legislators and voters, performance-based pro-
grams have not worked well. In general these programs have either been
unpopular and short-lived or politically popular and ineffectual. This
occurs because of a conflict in all state transit subsidy programs between
the political measures of subsidy program performance and operational
measures of transit system performance. State funding of public trans-
portation tends to be structured by programmatic concerns with distri-
butional equity. Legislatures seek to ensure that citizens in all parts of
the state benefit from public transportation subsidies. If the rewards and
penalties in a performance-based program are large enough to motivate
improved transit system performance, they will likely result in an
uneven geographical distribution of funds, which is usually politically
unpopular and creates pressure to weaken or abandon the performance-
based allocation program. A study of the operating subsidy programs in
16 states is summarized and a programs in three states are described to
indicate that the programmatic goals of distributional equity supersede
efforts to motivate improved transit performance. Reviewed are the
rationale for linking transit performance to funding allocations, the
political constraints on performance-based allocations, a survey of 16
state transit subsidy programs, and the distributional equity require-
ments that might be redefined to be more consistent with performance-
based programs.

The biggest change in subsidies for public transit during the past
decade has been the growth of state support of transit operations in
the face of declining federal operating support. In 1980, federal
funds accounted for nearly 30 percent of all transit operating subsi-
dies nationwide, compared to less than 25 percent from state pro-
grams. By 1992, however, state transit programs accounted for
nearly 40 percent of all transit operating subsidies, compared to just
10 percent from federal sources (I).

Concomitant with this rise in state support of public transit has
been a growing concern in state houses over the operation of
“empty” buses and trains and the desirability of tying state transit
allocations to transit performance. Despite the visceral popularity of
performance-based transit subsidy programs among both legislators
and voters, such programs, when implemented, generally fail to
influence transit operators to improve performance for one of two
reasons:

Department of Urban Planning, School of Public Policy and Social
Research, University of California at Los Angeles, 1112D Perloff Hall, Los
Angeles, Calif. 90095-1467.

1. State operating subsidy programs with strong performance
incentives tend to generate strong local opposition from areas with
penalized operators. This opposition results in the watering down or
abandonment of the performance-based program to restore distrib-
utional parity of funding among operators.

2. To maintain distributional equity among operators from the
outset, the performance incentive component is only a small com-
ponent of a much larger state program, so small that the rewards and
penalties have little influence on operator performance.

The net effect in either case is a “token” performance-based pro-
gram; one that appears strong, but does little to influence operator
behavior. This occurs because of a conflict in all state transit sub-
sidy programs between subsidy program performance and transit
system performance.

Like most resources distributed by state governments, state fund-
ing of public transportation tends to be structured by programmatic
concerns with distributional equity. In particular, legislatures seek
to insure that citizens in all parts of the state benefit from sub-
sidies of public transportation. If the rewards and penalties in a
performance-based program are large enough to motivate improved
transit system performance, they will likely result in an uneven geo-
graphical distribution of funds. This uneven geographical distribu-
tion is usually politically unpopular, creating pressure to weaken or
abandon the performance-based allocation program.

This paper summarizes a study of the operating subsidy programs
in 16 states and describes the programs in three states (California,
Pennsylvania, and Michigan) in some detail to indicate that the pro-
grammatic goals of distributional equity supersede efforts to moti-
vate improved transit performance. The paper begins by reviewing
the rationale for linking transit performance to funding allocations,
turns to an examination of the political constraints on performance-
based allocations, summarizes a survey of 16 state transit subsidy
programs, and concludes with a discussion of how distributional
equity requirements might be redefined to be more consistent with
performance-based programs.

LINKING TRANSIT PERFORMANCE MEASURES
TO FUNDING ALLOCATIONS

Defining and measuring performance in the private sector is fairly
straightforward; profitable firms are successful, money-losing firms
are not. A variety of measures, such as debt to equity ratios, changes




in market share, and so forth, can be used to analyze different facets
of performance, but ultimately all performance is determined by
“profit or loss.

Performance in the public sector is harder to define. In public
transit, operators have multiple, and often competing, goals. A typ-
ical transit operator may have defined goals of (a) providing bus ser-
vice to all parts of the service area, (b) providing frequent service to
schools, malls, the central business district, and low-income areas,
(¢) reducing traffic in congested areas, and (d) maximizing cost
recovery from the farebox. Evaluating the performance of a transit
system with such goals is difficult because achieving some goals
can preclude attaining others.

Performance-based funding for public transit, however, is based
on the premise that there are “bottom lines” for public transit that
can be meaningfully evaluated. Performance measures are regularly
used by managers to evaluate their systems and by oversight boards
and outside funding agencies to track transit performance and
progress (2), but their usefulness and accuracy become hotly debated
when used as a basis for allocating subsidies between systems.

Whether performance measurement is used as an internal man-
agement guide, as a report card to overseeing boards and agencies,
or as a basis for funding, multiple and sometimes contradictory
measures of performance are often used. Transit performance, in
other words, is largely in the eyes of the beholder. Transit users typ-
ically want frequent, reliable, and affordable service to their most
frequent destinations. Transit managers often favor a smooth oper-
ation that stays within budget; for example, high morale and low
absenteeism, few accidents and breakdowns, and few complaints
from the board of directors or users. Transit boards typically want
high-quality service (both coverage and frequency) that attracts rid-
ers, particularly in the areas they represent. And outside funding
agencies, such as the federal, state, and regional governments, are
often interested in reducing operating deficits and insuring an equi-
table distribution of subsidies among operators.

Determining funding allocation formulas based on performance
measures is the most controversial use of performance indicators,
particularly among transit managers. Transit operators, especially
those slated to lose funding under some performance-based alloca-
tion proposal, frequently argue that performance measures are not
comparable across properties and that measures should be used to
internally manage improvements to transit systems, not to deter-
mine funding agency allocations.

Regardless of the particular performance measures used, there
are three principal approaches to linking operating subsidies to tran-
sit performance:

1. Threshold standards. Performance is measured against uniform
statewide standards. To be eligible for funding, for example, opera-
tors are required to meet or exceed some minimum standard, such as
a farebox recovery ratio. California and Wisconsin are two states that
currently use threshold standards in their transit subsidy programs.

The advantages of such programs is that they are relatively sim-
ple to administer and ostensibly fair, because they hold all systems
to a uniform standard. Such programs do not, however, allow for
differences in operating environments; they do not reward systems
for exceeding standards, and the “death penalty” (withholding all
subsidies) for failure to meet standards is difficult to enforce.

2. Individual comparisons. Each system is judged individually,
either against past performance or current goals. Here systems can
be judged (a) on annual changes in performance indicators, or (b)
relative to a set of performance goals set in consultation with the
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state. The rationale for such an approach is that the service goals and
operating environments (terrain, street network, population demo-
graphics, prevailing wages, etc.) make each transit system unique
and incomparable and, therefore, only longitudinal evaluations of
individual system performance changes are meaningful. Michigan
and Pennsylvania are two states that use individual comparisons in
making allocations.

Individual comparisons are popular with transit operators; they
push systems to improve performance every year and hold them
directly accountable for goals and performance. On the other hand,
such programs can benefit poorly performing systems with room for
improvement over already high-performing systems. Further, they
do not control for changes (such as increased fuel prices) beyond
operators’ control, they encourage systems to make small incremen-
tal performance improvements instead of large, single-year jumps,
and they may encourage operators to set low, easily attainable goals.

3. Group comparisons. Systems are judged relative to one
another on an annual basis. The two common approaches here are
to (a) judge each system against the statewide average for one or a
number of performance indicators, or () judge each system against
the performance of a “peer group” of similar transit operators
nationwide. Indiana and North Carolina are two states that use
group comparisons in making transit subsidy allocations.

The advantage of group comparisons is that they hold systems
accountable to statewide or peer group performance, which makes
it harder to explain away poor performance. And, in contrast to the
longitudinal comparisons just described, they control for changes
(such as increased fuel prices) beyond individual operators’ control
and they reward substantial performance improvements in a single
year. Group comparisons may not, however, adequately control dif-
ferences in operating environments between operators; service
effectiveness measures (such as passengers per hour) favor opera-
tors in densely developed areas while cost-efficiency measures
(such as cost per hour) favor operators in areas with low labor costs.

In addition to encouraging improved transit system performance,
state transit finance programs are structured by internal program
performance goals as well. For example, several state programs are
explicitly intended to leverage local financial support of public tran-
sit. In Wisconsin and Michigan, systems are required to meet local
match threshold requirements to receive funding. And in Indiana,
the level of state funding is indexed to the level of local funding.

POLITICAL CONSTRAINTS ON PERFORMANCE-
BASED ALLOCATIONS

Whichever performance-based allocation approach is used, state tran-
sit finance programs are judged politically by internal standards of
programmatic effectiveness, particularly distributional equity. Table
1, drawn from a survey of transit operating subsidy programs in 16
states (3), notes several ways that distributional equity can be defined
and how these concerns might be accommodated in a performance-
based allocation program. The various approaches states have adopted
to encourage improved program performance are also summarized.

Program Equity

An important consideration of any new state program is distribu-
tional equity. To garner legislative support, funds must be distrib-
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TABLE 1 State Approaches to Improved Program Performance

Operators

Objective General Methodology States Employed
Program Equity
Operator Equity Program Expenditures/Transit Numerous

Geographic Equity

Program Expenditures/
Service Area Population

Florida, Indiana,
South Carolina,
Tennessee, Texas

State Benefits from Transit

Fiscal Equity Program Expenditures/ California
Service Area Tax Revenues

Passenger Equity Program Expenditures/ Florida, South Carolina
Passengers

Program Effectiveness

Statewide Benefits Program Expenditures/ Connecticut, Michigan,

Wisconsin

Leveraging Local
Commitment

Program Expenditures/
Local Expenditures

Indiana, Wisconsin,
Connecticut,
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North Carolina

Program Equity and Effectiveness

Passenger Equity and Program Expenditures/ Indiana
Effectiveness Fare Revenues

uted in some equitable manner around the state. Although geogra-
phy has been the most common measure of equity, a number of
other definitions of distributional equity can more effectively link
funding allocations to transit system performance.

e Operator equity (program expenditures based on number of
eligible operators: numerous states)

Frequently favored by transit operators, this rationale allocates
funds equally to all operators. Such programs are directly contrary
to the logic of performance-based allocations. In practice, programs
are rarely based solely on such a rationale because transit operators
vary so significantly in size. But variants of the operator equity
approach are common (such as with guaranteed minimum alloca-
tions); such programs are completely divorced from most perfor-
mance-based allocation rationales such as revenue needs, service
production, and so forth. Despite these shortcomings, however, the
logic of transit operator-based equity is frequently found in state
transit programs in the form of allocation “floors,” or minimums dis-
tributed to each operator regardless of size, need, or performance.

e Geographic equity (program expenditures based on service
area population: Florida, Indiana, South Carolina, Tennessee, and
Texas)

Here funds are distributed based on each operator’s share of the
total state population, which indirectly allocates funds uniformly to
all state citizens. Unfortunately, such programs reward poor perfor-
mance: they benefit operators with low levels of per capita ridership
(low service effectiveness) and penalize operators with high levels
of per capita ridership (high service effectiveness) (4).

e Fiscal equity (program expenditures based on service area tax
revenues: California)

Based on “return-to-source” principles of tax equity, funds are
allocated to operators based on the proportion of revenues estimated

to have been collected. Such programs, however, tend to benefit
growing areas and penalize economically depressed areas.

e Passenger equity (program expenditures based on passenger:
Florida and South Carolina)

Here funds are allocated based on each operator’s share of total
state transit ridership, which directly rewards systems for attracting
patrons. This method has the advantage of (indirectly) subsidizing
all transit patrons statewide equally. Such a program, however, can
encourage operators to lower fares to attract additional riders, which
lowers the farebox recovery ratio and can increase dependence on
transit subsidies.

Program Effectiveness

In contrast with distributional equity, program effectiveness crite-
ria aim to achieve some statewide policy goals apart from improved
transit performance.

o Statewide benefits (program expenditures based on state bene-
fits from transit: Connecticut, Michigan, and Wisconsin)

In a study of local, regional, and state policy makers, Cervero (5)
finds that about half of the perceived societal benefits of public tran-
sit accrue to transit users, about 25 percent to local governments,
and about 12.5 percent each to states and the federal government.
Following this rationale, transit users should be expected to pay
about half of the costs at the farebox, with the remaining deficit paid
by local governments (25 percent), the state (12.5 percent), and the
federal government (12.5 percent).

The motivation for states to allocate transit funds based on this
rationale, however, stems more from a desire to cover funding
shortfalls than from policy decisions about the relative state bene-
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fits of public transportation. While equitable from a programmatic
standpoint, such programs, because they usually are structured to
cover operating deficits, do little to encourage systems to improve
performance.

e Leverage local commitment (program expenditures based on
local expenditures: Connecticut, Indiana, North Carolina, and Wis-
consin)

A common objective of outside (state and federal) funding agen-
cies is to discourage exclusive or primary dependence on their fund-
ing and to encourage local revenue generation. This is usually
accomplished through matching programs, in which state or federal
funds are contingent on local funding matches. The federal highway
program, for example, has structured funding programs in this man-
ner for 80 years.

In such a program, funds are used to “leverage” additional local
transit expenditures. This method rewards areas with strong local
financial commitments to public transit and penalizes areas that do
not contribute to public transit. The local funds that qualify as
“matching” can take many forms. They can be limited local gov-
ernment and institutional (universities, large employers, etc.) con-
tributions or can include all local revenues (fares, advertising, local
contributions, etc.).

Although such programs encourage greater local commitment to
public transit, they tend to favor wealthier cities with the financial
wherewithal to support local transit service. In general, such areas
tend to have low per capita use of transit; thus, such programs can
penalize poorer areas with higher levels of transit use.

Program Effectiveness and Equity

None of the surveyed state programs linked allocations directly to
fare revenues, though several incorporate farebox recovery rates in
some manner. Transit fare research has consistently indicated that
transit users, even poor users, prefer high-quality service over low
fares (6). Yet transit operators find it politically very difficult to
raise fares, even if it is to increase service frequencies or add routes.

One way to encourage operators to improve service and attract
more paying customers is to allocate funds based on the amount of
fare revenue collected. Under such a passenger effectiveness and
equity program, funds can be distributed to operators based on that
operator’s share of statewide fare revenues. This is similar to the
passenger-based equity program described earlier, but here opera-
tors are specifically rewarded for attracting paying customers.

In effect, states could adopt an equity rationale of indirectly fund-
ing a “matching” program for transit users. For every dollar that
transit riders paid in fares, the state could provide some fixed match.
In addition to encouraging operators to attract fare-paying passen-
gers, such programs are inherently equitable because they would
subsidize all transit users equally statewide; every transit patron in
the state receives an indirect subsidy from the state in proportion to
that patron’s contribution (fare).

Of all of the programmatic equity programs described here, link-
ing program expenditures to fare revenues would come closest to
balancing the goals of transit performance with program equity.
One problem with linking subsidies to fare revenues, however, is
that such a matching program would only indirectly contain costs.
One way to link subsidies more directly to costs is to allocate funds
based on each operator’s deficit (or subsidy) per passenger; in other
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words, the lower the deficit per passenger, the greater the alloca-
tion per passenger. But, although such a program is directly linked
to both costs and revenues, it may be counter intuitive to elected
officials. That is, the less subsidy an operator needs (because of a
low deficit per passenger), the more subsidy it receives. Although
directly rewarding systems for high performance, such an alloca-
tion schema is likely to be viewed by both elected officials and
transit managers as programmatically ineffectual and inequitable,
given that funding will tend to flow to systems least in “need” of
subsidy. However, no such directly performance-based allocation
rationale was currently used by any of the 16 states surveyed for
this study.

Given this inherent contradiction between programmatic equity
and transit performance, any successful performance-based alloca-
tion program must satisfactorily accommodate the two. One strat-
egy of accommodation may be to redefine equity. If equity is
defined in terms of service consumption, such as either transit
patrons or fare revenues, programmatic distributional equity goals
do not directly conflict with transit performance goals. More often,
however, distributional equity is defined in terms unrelated to tran-
sit service, such as number of transit operators, population, or tax
revenues collected. In such cases, performance-based transit sub-
sidy programs are handicapped from the outset.

SURVEY OF STATE TRANSIT SUBSIDY
PROGRAMS

A survey of state transit subsidy programs was conducted for North
Carolina as part of the development of a performance-based transit
operating subsidy program for that state. This survey found that the
role of performance monitoring in state transit finance programs
varies significantly from state to state. In 6 of the 16 states surveyed,
we found that performance measurement and monitoring plays a
primary or secondary role in the allocation of state funding for tran-
sit operations. In four additional surveyed states, performance mon-
itoring plays only a minor role, or no role at all, in the allocation of
transit operating funds. And four surveyed states provide no state
funding for transit operations.

Time and budget limitations, unfortunately, prevented a census
of the practices in all 50 states, so the sample of sixteen states was
selected using two criteria.

1. States with large metropolitan areas and many public transit
systems (such as Pennsylvania) were emphasized over more rural
states (such as Idaho); and

2. As this research was to assist North Carolina in developing a
new operating subsidy program, states in the southeast (such as
South Carolina) were emphasized over states in other parts of the
country (such as Arizona).

Each survey consisted of a 30- to 90-min telephone interview
with the state official (usually a manager in the public transporta-
tion section of the department of transportation) directly responsi-
ble for the administration or funding, or both, of public transit. The
respondents were queried on (a) whether their state subsidizes pub-
lic transit operations, (b) the history and structure of the operating
subsidy program, (c) whether and how subsidy allocations were
linked to transit performance, and (d) the nature of political support
for or opposition to performance-based operating subsidies.
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The results of this survey are summarized in Table 2. Note that,
with the exceptions of the less urbanized, southern states of
Alabama and Louisiana, all of the remaining states subsidize pub-
lic transit. Among the states actively monitoring transit system per-
formance, three general approaches to motivating improved perfor-
mance have been adopted.

1. Five states directly link some measure(s) of transit perfor-
mance to allocations: Indiana, Florida, South Carolina, California
(Los Angeles area only), and Michigan.

The proportion of the total state program allocated on the basis
of performance varies significantly, from nearly 40 percent in Indi-
ana to about 1 percent in Michigan.

2. Three states use performance audits to push systems toward
improved performance: South Carolina, California, and Wisconsin.

Though the audits are not directly linked to allocations, states can
reserve the right to withhold funding if audit recommendations are
not followed. Further, these states have found that the publicity gen-
erated by the audits powerfully motivates systems to improve per-

formance.

3. Four states use performance thresholds to qualify systems for

state assistance: Indiana, California, Wisconsin, and Michigan.
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To be eligible for funding, operators are required to meet or
exceed farebox ratio, operating ratio, and/or local match.

Three Case Studies

Given this overview of the transit operating subsidy programs in the
16 surveyed states, the programs of 3 states are outlined below in
more detail to indicate how the imperative of distributional equity
takes precedence over and shapes performance-based allocation
programs.

California

State support of public transit in California began in 1971 with the
passage of the state Transportation Development Act (TDA). The
TDA program, which is the largest state transit finance program in
the United States, allocates about $750 million per year and.is
funded by 0.25 percent of the state sales tax. Funds can be used for
capital or operating expenditures, but with few exceptions cannot
cross county lines; in other words, funds must be expended in the

TABLE 2 Comparison of State Allocation Methodologies

State Cap Oper Allocation Method Track
Funds Funds Performance ?

Alabama No No N/A No

Arkansas Yes No N/A No

California Yes Yes Population + Yes
Performance

Connecticut Yes Yes 67% of Operating Yes

Deficit

Florida Yes Yes Population' + Yes
Performance

Georgia Yes No N/A No

Indiana Yes Yes Base Allocation + Yes
Performance

Louisiana No No N/A . No

Michigan Yes Yes Operating Deficit Based | Minor

North Yes Yes Base Allocation + Yes
Carolina Performance

Pennsylvania Yes Yes Operating Deficit Based No

South Yes Yes . Population + Yes
Carolina Performance

Tennessee Yes Yes Population No

Texas Yes Yes Population + Density Yes

Virginia Yes Yes Operating Deficit Based Yes

Wisconsin Yes Yes 42% of Operating Yes

Deficit
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same county in which they are collected. In rural counties (less than
200,000 population), program funds can be used for streets and
roads if the county can demonstrate that there are “no unmet transit
needs that are reasonable to meet” in that county (4).

In 1978, two performance criteria were attached to allocations:
(a) systems were required to meet a minimum farebox recovery
requirement to qualify for funding and (b) all recipients were
required to have triennial performance reviews by outside auditors.
Beyond these two eligibility requirements, however, all TDA funds
are allocated based on geographic criteria without regard to either
financial need or transit performance.

1. Geographic equity. In most cases, funds must be collected and
expended in the same county.

2. Cost-effectiveness. All program funding is withheld if an
operator fails to achieve a minimum specified farebox recovery
ratio.

3. Geographic equity. Outside of Los Angeles County, the funds
collected in each county are distributed to transit operators in that
county based on the relative share of service area population:

(county revenues) * (system service area population)/(countywide
service area population)

In Los Angeles County only, funds are distributed to operators as
follows:
—Operator-Based Equity. One-half of countywide funds are
distributed based on each operator’s share of countywide transit
route mileage:

(county revenues) * (system regular route miles)/(countywide reg-
ular route miles)

—Cost-Effectiveness. One-half of countywide funds are dis-
tributed based on each operator’s relative farebox recovery ratio:

(county revenues) * (system fare revs/sys oper cost)/(cnty fare
revs/cnty oper cost)

The farebox recovery requirement in the statewide (outside of
Los Angeles County) cost-effectiveness criterion listed above is a
threshold; if the threshold is barely met or exceeded by 100 percent,
funding does not vary. If an operator falls below the standard, fund-
ing is cut off. In practice, however, this penalty is so severe that no
operator has ever been fully penalized. In addition, the farebox
recovery threshold has been repeatedly lowered over the years and
numerous exceptions to the requirement have been added. For
example, liability insurance premiums and all costs and revenues
from new or realigned routes are excluded from the calculations for
3 years (7).

In contrast to this farebox “death penalty,” the performance audit
part of the program has proven to be quite successful. As in South
Carolina, the triennial performance audits are conducted by private
consulting firms procured by the state or local metropolitan plan-
ning organization through competitive bids. Transit system man-
agers have some control in defining the scope and focus of the per-
formance audit, though all audits must report on the annual trends
of a uniform set of performance indicators. If any deterioration in
performance is noted, the auditors are to identify the causes and, in
consultation with the transit manager, make recommendations for
improvement. The transit system then has 3 years to act on the rec-
ommendations in the audit. In addition, the audited operators are
required to discuss the report, along with any proposed remedial
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actions, with a performance committee composed of peer operators,
regional planners, and state representatives.

While transit managers sometimes complain of outside interfer-
ence, the performance audits are often welcomed as a useful man-
agement tool. In this way, the audits reflect a broad range of uses of
performance measurement, such as internal management evalua-
tion, system report card, and guidelines for funding allocations. In
addition, a recent study of transit performance programs by Field-
ing (8) concludes that performance audits are the most successful
examples of funding agencies effectively motivating improved tran-
sit system performance.

Overall, the TDA program in California strongly favors lightly
patronized suburban transit systems over heavily patronized central
city systems. The return-to-source and service area population allo-
cation criteria in particular undermine the performance-based eligi-
bility requirements by favoring service-ineffective systems with
low per capita levels of ridership (4).

Pennsylvania

Pennsylvania was one of the first states to adopt a performance-
based allocation program for public transit. The program, which
began in 1980, distributed 90 percent of state transit funding on the
basis of need and 10 percent on the basis of performance. This pro-
gram, which was scrapped for fiscal year 1987, was organized as
follows.

The need component consisted of a percentage (60 percent in
1980) of an “allowable deficit” less federal aid. The allowable
deficit was determined by estimating “allowable costs” (previous
year’s deficit times an inflation factor) less “required revenues”
(defined in 1980 as a farebox recovery of 40 percent):

Allowable costs = previous deficit * inflation index
Required revenues = minimum revenue/cost ratio of 40%
Allowable deficit = allowable costs — required revenues
90% of state subsidy = allowable deficit * 60%

The performance-based component provided an additional 10
percent incentive, based on four performance indicators: (@) cost per
hour, (b) revenue per hour, (¢) ridership per hour, and (d) revenue-
to-expense ratio. For the first three indicators, transit systems were
not compared to a peer group or to transit operators statewide; each
operator was instead required to maintain or improve performance
from the previous fiscal year. For the fourth measure (revenue-to-
expense ratio), operators were required to meet or exceed an annu-
ally established statewide standard (40 percent in 1980). Initially all
four measures were weighted equally at 2.5 percent apiece.

The performance measures had been explicitly structured to
avoid peer group or statewide operator comparisons in an effort to
forestall objections over the invalidity of comparisons between sys-
tems. Only the recovery ratio was applied as a single statewide mea-
sure, which was proposed as both a measure of local support and of
cost-effectiveness. This did not, however, prevent strong local
opposition from areas with systems penalized by these performance
measures. Penalized operators complained that the structure
rewarded previously inefficient systems that had a lot of waste to
cut, while well-run systems had less room for improvement. Fur-




Taylor

ther, systems that realized large performance improvements got no
more than systems with no change in performance; this encouraged
systems to focus on small incremental improvements each year,
instead of major improvements in any one year.

The Pennsylvania program was complex and cumbersome to
administer. Frequent disagreements arose over the accuracy and uni-
formity of the data used to calculate both need and performance.
Pittsburgh and Philadelphia opposed the program because it was eas-
ier for small agencies to qualify. The state legislature was uncom-
fortable with the creation of “winning” and “losing” systems. The
program never stabilized; the performance standards were weakened
several times before the program was eliminated in 1987 (8).

Currently, Pennsylvania allocates funds based on each system’s
historical share of state funding. For fiscal year 1994, $237 million
was distributed over 21 systems, though the large systems in
Pittsburgh and Philadelphia receive approximately 95 percent of all
allocations.

In transit operator-based equity, allocations to operators are
based on each operator’s share of statewide appropriations during
the 1991 fiscal year. This formula is fixed and does not vary by per-
formance, ridership, service, or financial need. Each system’s share
is locked in for the indefinite future. This formula reflects both the
strong local opposition to performance-based allocations and the
desire of operators and their political allies to make funding as pre-
dictable as possible. This formula, however, does not account for
changes between systems over time, nor is any funding available for
systems created after 1990.

Altough the performance-based allocation program of 1980 to
1987 was popular with state transit officials, it was bitterly opposed
by transit operators, who objected to the variability of funding from
year to year. State transit officials would like to return to a program
in which 10 to 20 percent of allocations are based on cost and rev-
enue performance measures, but no current plans are in the works
(J. Dockendorf, Bureau of Public Transportation, Pennsylvania
Department of Transportation, personal communication 1993).

Michigan

In the early 1980s, Michigan developed a very complex operating
subsidy program using 47 indicators. So many countervailing indi-
cators were used that significant changes in overall performance
were rarely reflected in allocations. The system was extremely com-
plex and disagreements over the accuracy and comparability of the
data and measures were common, causing the program eventually
to be abandoned.

Michigan currently uses a deficit-based methodology to allocate
state operating funds. Operating assistance comprises about 70 per-
cent of the state program; for fiscal year 1993, this 70-percent share
amounted to $103 million (less administrative costs and debt ser-
vice). Rural (FTA Section 18) systems can receive state subsidies
of up to 50 percent of eligible operating costs, while urban (FTA
Section 9) systems are eligible for state funding of up to 40 percent
of operating costs. This state assistance, which applies to both fixed
route and demand-responsive transit, is subject to a growth rate
equal to the estimated percentage increase in revenue for the state
transit operations fund. In other words, no individual system can
receive a proportional allocation increase greater than the propor-
tional growth of the entire state program. Because of the economic
recession, however, state transit assistance has not increased for the
past 3 years, and allocations have been relatively constant.
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All systems are guaranteed a minimum allocation equal to the fis-
cal year 1989 funding levels. Beyond this, there are two perfor-
mance components to Michigan’s program.

1. Program effectiveness. To be eligible for funding, each sys-
tem must have a local assistance-to-state assistance ratio equal to or
higher than it did in the 1989 fiscal year.

2. Program effectiveness. Approximately 1 percent of the pro-
gram ($1 million) is allocated based on each operator’s local com-
mitment:

$1 million * (system local funds/system state funds) * system oper
costs)/(statewide local funds/total state funds) * (state oper costs)

3. Service effectiveness. Approximately 1 percent of the program
($1 million) is allocated based on each operator’s share of statewide
fare revenues (which function as a proxy for attraction of paying
passengers):

$1 million * (system fare revenues/statewide fare revenues)

In addition, transit performance measures are collected by the
state and reported to the legislature. State officials report no plans
to change the current program, though a proposal sponsored by
Michigan transit operators and opposed by state transit officials is
under consideration by the legislature to transform the current pro-
gram into a simple “block grant”-type allocation program for tran-
sit and to eliminate the program and service effectiveness criteria
entirely (B. Beachler, Michigan Department of Transportation, per-
sonal communication 1993).

Summary

A clear lesson from these case studies is that programmatic stabil-
ity cannot be achieved without a satisfactory accommodation of dis-
tributional equity in a performance-based allocation program. In
states that link transit performance with state funding, the state tran-
sit officials we spoke with emphasized the importance of balancing
the goals of improved transit performance with the imperative of
distributional equity; successful programs, they say, must effec-
tively strike such a balance. Further, and perhaps not surprisingly,
they stressed the importance of building a consensus among transit
operators in developing even a small performance-based compo-
nent to a state operating subsidy program. Most transit managers
plan on 3- to 5-year budget projections, and to them any state fund-
ing program must be predictable in the short run.

“PROBLEM” OF DISTRIBUTIONAL EQUITY

Transit operators receive operating subsidies from a variety of
sources: local, state, and federal. Most of these funds are distributed
by formula to insure distributional equity. Accordingly, the influ-
ence of any performance-based allocation program on transit oper-
ator behavior will depend on the size of the performance-based pro-
gram relative to all of the other subsidies received.

Consider a transit system receiving $1 million in combined local,
state, and federal operating subsidies distributed on the following
basis: (a) service area population 45 percent ($450,000); (b) service
area population density 25 percent ($250,000); (c) annual vehicle
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miles of service 25 percent ($250,000); and (d) operating ratio
(performance-based allocation) 5 percent ($ 50,000).

In this example, the majority of subsidies (70 percent) are popu-
lation based and are not directly related to the transit system or its
performance; if costs, ridership, or fare revenues go up or down, the
subsidies do not change. The next largest share of subsidies (25 per-
cent) encourages systems to offer as much service as possible,
regardless of whether this service attracts riders. In contrast, the
performance-based allocation encourages systems to attract both
passengers and income, and to contain costs; this allocation
accounts for only 5 percent of all revenues.

In this hypothetical example, the transit system has little motiva-
tion to attract riders and operate full buses. The operator would ben-
efit from increasing vehicle service miles that captured few addi-
tional riders (25 percent of subsidies), even if these service
expansions lowered the system’s operating ratio. Thus, depending
on the combined distribution of all operating subsidies, improved
transit performance would be either encouraged or discouraged.
This, then, is a key obstacle to effective state performance-based
allocation programs: the nonperformance-based allocation formu-
lae (which account for 95 percent of the allocations in example
above) undermine and/or contradict the performance-inducing part
of the program.

There are three basic philosophical approaches to equitably dis-
tributing transit subsidies. These three approaches are differentiated
primarily by who is viewed as the principal beneficiary of transit
subsidies: voters and/or taxpayers, transit operators, or transit pas-
sengers. Distinguishing among these three general approaches is
important, because most transit subsidies are allocated on the basis
of distributional equity and not performance.

When voters and/or taxpayers are viewed as the principal bene-
ficiaries of transit subsidies, allocations are commonly based on (a)
each transit system’s service area population, or (b) the proportion
of state tax revenues generated locally. Such approaches are con-
sistent with the district-based structure of legislatures and councils,
are congruent with the principles of local home rule, and frequently
result (as in California) in stable long-term programs. Allocating
funds based on population or tax collections, however, does little to
motivate systems to increase ridership and can penalize systems
with high levels of ridership, since greater per capita ridership
equates to lower subsidies per passenger. Under a return-to-source
tax revenue plan, rapidly growing areas can benefit from increased
funding at the expense of economically depressed areas.

When transit systems are treated as the principal clients of tran-
sit subsidy programs, funds are commonly allocated (a) on the basis
of service produced (such as vehicle service hours or route miles)
or (b) on the basis of financial need (such as each system’s share of
the statewide unfunded deficit). Such programs are popular with
transit managers because they can ease budget deficits and they
reward service production. And, accordingly, service-based fund-
ing encourages operators to increase the level of service provided.
Such need-based allocations can, in the short-term, eliminate ser-
vice cutbacks, but financial need-based allocations can reward high
deficits and poor financial management, which discourages both
cost-efficiency and cost-effectiveness. And, by favoring service
produced over service consumed, service-based allocations can dis-
courage service effectiveness by encouraging service expansions
without regard for the additional riders attracted.

Finally, when transit patrons are viewed as the principal benefi-
ciaries of transit subsidies, allocations can be made based on (a) each
operator’s share of statewide transit ridership, or (b) each operator’s
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statewide share of fare revenues (which equally matches each rider’s
fare contribution). Such approaches directly reward systems for
attracting riders, and each transit patron statewide benefits equally
from the state program. Fare revenue-based allocations encourage
systems to attract paying customers, which can both increase total
transit ridership and reduce net operating deficits. Unfortunately,
distributional equity programs based on transit patrons are the least
common and are often only small parts of much larger programs.
Such programs tend to favor systems with high levels of transit
ridership, and this proves unpopular with elected officials and tran-
sit managers in areas with poorly patronized systems.

Each of these three approaches achieves a different type of dis-
tributional equity: geographic parity, parity among and between
transit operators, and parity among and between transit passengers.
And each of these general approaches encourages and/or discour-
ages transit performance differently. Whereas passenger-based
equity approaches are clearly most consistent with performance
goals, they are the least likely to be adopted. This is because they
benefit a less influential constituency (transit patrons) than either the
transit operator-based approaches (which most directly benefit tran-
sit managers, unions, and boards of directors) or geographic-based
approaches (which are favored by legislators and voters). And with-
out a passenger-based approach to distributional equity, a perfor-
mance-based transit subsidy program, regardless of which perfor-
mance measures or allocation methods are chosen, is not likely to
affect transit performance.

CONCLUSIONS

A number of studies during the 1980s argued that the structure of
the federal transit finance program strongly influenced transit oper-
ator behavior and discouraged improved performance (9-11), but
there has been little research on the influence of growing state tran-
sit subsidy programs. And while the TRB has recently published a
study of the growth performance-based transit subsidy programs
(12), there has yet to be a systematic study of the effects of these
programs on transit system performance. This paper has attempted
to bridge this gap in the literature by outlining the political con-
straints on performance-based transit subsidy programs.

It is clearly possible to define and measure the performance of
public transit systems. Further, the national trends in transit perfor-
mance have not been encouraging for many years. While total
ridership has held steady or increased on most systems over the past
20 years, most standard measures of performance (such as cost per
passenger or passengers per vehicle hour) on most transit systems
have been deteriorating. These sobering declines in productivity,
however, are explained mostly by things outside of the control of
transit managers: the declining cost of owning and driving automo-
biles, relative declines in central city population and employment,
and the continued growth of sprawling, auto-based suburbs that are
increasingly difficult to effectively serve with traditional fixed-
route, fixed-schedule public transit.

But, whereas most performance declines are the result of factors
exogenous to transit systems, some systems are clearly better man-
aged than others. These systems keep labor costs tightly under con-
trol, operate well-maintained buses that have few accidents, and
adroitly deploy services to attract the most patrons with the fewest
vehicles. Transit-funding agencies, such as states, want to encour-
age this type of high-performance transit service.
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But transit subsidy programs that effectively motivate transit sys-
tems to improve performance have proven elusive. This is because
there are at least two ways to define successful state transit subsidy
programs. Programs that have been most successful at motivating
transit systems to improve performance have frequently proven pro-
grammatic failures: controversial, unstable, and short-lived. Con-
sensual, stable, long-lived programmatic successes, on the other
hand, frequently have little relation to system performance.

This paper has suggested that one strategy to overcome the “pro-
gram versus performance” contradiction would be to make the tran-
sit passenger (instead of the geographic region or the transit system)
the equity focus of the subsidy program. To do so, however, would
be no simple task; it would require overcoming established politi-
cal constituencies that have defined the politics of transit finance for
decades.
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Measuring Impacts of Transit Financing
Policy in Geopolitical Context:

Montreal Case

ROBERT CHAPLEAU

Redistributive effects of transportation networks are difficult to appre-
ciate with traditional models. Specifically, in a geopolitical context,
such as the Montreal case in which the transit fare deficits are absorbed
by local municipalities, there is a substantial disparity between funding
allocations based on where riders live versus where they use the transit
system. The actual research project suggest a new methodology articu-
lated on processing origin and destination survey data with a totally dis-
aggregate approach. The method calculates, for every transit line and
bus route, transit consumption in terms of passenger kilometers traveled
by respective municipality residents. A spreadsheet is then developed
for allocation of costs and revenues against a suitable measure of direct
benefits within a multinetwork, multimodal, and multi-institutional
framework. In the Montreal context, economic distortions (typically,
suburban riders being subsidized by the core city residents) have been
observed with the studied (1987) fare-subsidy structure.

The greater Montreal area (GMA), composed of more than 100
municipalities that collectively make up a population of approxi-
mately 3 million, is served by 21 small intermunicipal transport
corporations (CIT) in addition to three large transit operators (Fig-
ure 1). They are:

¢ STCUM: Montreal Urban Community Transit Corporation,
which serves 28 municipalities on the central Montreal Island;

e STL: Laval Transit Corporation, which serves the city of Laval
uniquely; and

e STRSM: Montreal South Shore Transit Corporation, which
serves eight suburban municipalities on the South Shore.

Transit is funded according to the following ratio [using 1987 data,
(1)]; fare revenues provide approximately 40 percent of the operat-
ing expenses, government subsidies provide approximately 35 per-
cent, and the local municipality’s contribution is 25 percent. This
local contribution is obtained from taxes, which are for the most part
based on land and property values. A generic problem arises from
this context. When residents use transit networks outside their own
municipality, there are economic impacts that are not necessarily
compensated by reciprocal trips.

The topics addressed in this paper deal with the design of a
methodological approach to measure urban travel demand (transit
usage) in a multinetwork, multimodal, and multi-institutional envi-
ronment. Two distinct problems arise from this approach: the mea-
sure of benefits, related to an urban transport system according to
different categories of beneficiaries [direct (transit riders), indirect

Transportation Division, Civil Engineering Department, Ecole Polytech-
nique de Montréal, P.O. Box 6079, Station Centre-Ville, Montréal (QC)
H3C 3A7, Canada.

(employers, businesses), and nonusers (car drivers and passengers)]
and the allocation of costs and revenues (fares, subsidies).

A classic informational setup, typical of the urban transport sys-
tem planning approach, is built around territorial, network, and
travel demand data. In the Montreal case, origin-destination (O-D)
surveys undertaken in 1982 and 1987, with an average 5 percent
sampling of households, are used to characterize O-D trips by mode
(car, transit), purpose (work, study, other), geopolitical linking of
trip origin, trip destination and residence, time of day (peak, off-
peak), gender, and age (reduced fares). All transit networks and
modes (train, subway, surface) are coded into a transit assignment
framework. The assignment software used is Model for the Disag-
gregate Analysis of Urban Transport Itineraries (MADITUC),
which has the ability to process disaggregate and observed trip data.

The experiments conducted with these planning tools have
demonstrated that the Montreal Urban Community (MUC) subur-
ban riders consume a significant amount of passenger kilometers on
the core transit network, without any apparent economic compen-
sation. With the objective of calculating the redistributive effects of
the actual fare-subsidy structure, a spreadsheet model has been
developed to test different allocation scenarios.

The first section of this paper presents the typical transit financ-
ing formula, the different actors involved, and the available urban
transportation planning system. The next section describes the con-
ceptual framework relative to measuring the benefits of a multinet-
work transport system and the related data bases that are processed
using the totally disaggregate analysis procedure. Finally, some
simulation results are analyzed and put into perspective to obtain a
more global and multimodal urban transportation approach.

TRANSPORTATION PLANNING
INFORMATION SYSTEM

As outlined in the previous paragraphs, a transit system analysis
focuses on the financing (sharing) formula, the different political
actors involved, and the tools available to apply some form of a
modeling structure among actors and related benefits and costs.

Transit Financing Formula for Montreal Case

The transit financing formula, as it existed and was applied in the
1980s, was mainly developed to cover the operating expenses, thus
excluding capital expenditures such as infrastructure implementa-
tion (subway, garages) and vehicle acquisition. Every transit
authority’s operating revenue is derived from its own ridership and
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FIGURE 1 GMA transit authorities and related data.

from governmental subsidies, which are roughly proportional to rid-
ership; the difference is compensated by the local government. The
simplified model could be seen as:

Municipal share = operating expenses
— ridership - (fare + subsidy)

This equation clearly shows that some conceptual problems may arise
when the transit riders are not residents of the authority’s governing
municipalities or when some transit riders use more than one transit
network (trip is twice subsidized by the provincial government).

Actors in Greater Montreal Area

In the GMA, provincial government subsidies are granted to transit
operators, or equivalently, to the respective local governments
(municipality or urban community) responsible for providing tran-
sit services in their territory. Fare integration is considered negligi-
ble for our purpose. Every transit authority applies its own fare
structure on its network. Typically, in a given network, a single fare
permits an unlimited number of transfers from origin to destination.

N

With this fare structure, typical residents contribute, through
taxes paid to their local government, only to the deficit of one tran-
sit authority (their own residential authority), even if they are work-
ing or studying in another geopolitical territory and, consequently,
benefiting from external other transit services.

Depending on the respective consumption of different transit ser-
vices, some geopolitical areas may suffer from nonsymmetrical sit-
uations; this is the case for the central area. Sociodemographic, spa-
tiotemporal trends, as documented by Chapleau, Girard, and
Lavigueur (2,3) indicate that the more affluent suburban areas are
taking advantage of this sociofiscal escape.

Urban Transportation Planning System

The analytical tools available in the GMA are derived from the
compilation of 5 percent-sampled O-D surveys undertaken every 4
to 5 years by the STCUM, coupled with the MADITUC system
(4,5). The related planning information system consists of the rig-
orous specification of all geopolitical areas in which each transit
network is systematically defined in a regional context. O-D trips
are validated over the entire regional network, and transit trip
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assignment procedures can generate results according to the usual
totally disaggregate analytical approach.
The informational setup is composed of the following:

¢ Precise location data of trip origins and destinations, such as
UTM (Mercator) x-y coordinates, Canadian postal code (blockface),
or small zones (1,500 units for the GMA). These territorial units,
after being used for precise calculation of walking times and access
nodes, are to be aggregated to the most significant level of geopo-
litical area.

e Transit network characterization according to geometry, con-
nectivity, and level-of-service, sufficiently detailed for the estima-
tion of passenger kilometers and passenger hours consumed on an
average weekday for every transport route and mode (train, subway,
bus). About 300 transit lines are coded for the GMA.

e A data file containing all disaggregate O-D transit trip records,
according to a data structure enabling the tracking of every variable
associated with an individual trip. A schematic representation fol-
lows (Table 1).

CONCEPTUAL FRAMEWORK

Existing approaches for estimating financial impacts of transit
usage are based on classic transit trip assignment procedures.
Severe limitations are associated with the use of O-D matrices, par-
ticularly because the relationship between trip origin and traveler’s
residence is fairly weak; CBD origin trips, nonhome-based trips,
and a large spectrum of activities are to be discarded in such an
analysis. The traditional method lacks feedback mechanism to keep
individual relationships among O-D trips, travel modal consump-
tion, and individual personal travel behavior.

Disaggregate Trip-Processing Technique

The totally disaggregate urban transportation modeling approach
deals with individual O-D trip records. Each procedure, such as
access modeling, path calculation, or network loading, is considered
an information additive operator, achieving supplementary inter-
faces with territorial and network data bases. A schematic of the
data and file processing procedures is shown in Figure 2.

The three-step algorithm consists of

1. The calculation of travel entities (access and transfer nodes,
route links) and attributes (walking, waiting, in-vehicle, and total
travel times and distances), using the network access and trip vali-
dation (or minimum travel time path computation) procedures for
every O-D transit trip.
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2. The estimation of modal usage (train, subway, and bus) in
terms of a transit authority’s ridership, multimodal passenger-
hours, and passenger-kilometers, using an assignment procedure.

3. Data aggregation into a relevant geopolitical zoning system,
using a retroactive process over the residential zone variable, and the
calculation of respective network (transit authority) and mode con-
sumption by residents or any other suitable stratification variable.

Application to Direct and Indirect Transit Users

Instead of simply measuring the benefits from the perspective of the
home-based or residential zone variable, the same method could be
applied to any other variable or combination of variables. This
process requires further elaboration on the usual concept of trans-
portation network’s benefits and its attribution. For example, tran-
sit riders benefit directly from the transit system; moreover, so does
their employer, their school, or their shopping center. In the latter
case, the third step, the retroactive process, should be applied to the
variable pair purpose-destination. Any other study of the redistrib-
utive effects of a transit network, considering such variables as age
or gender categories, income class, car ownership, and others may
be similarly undertaken.

Potential Extensions to Car Users

There is no methodological limitation for considering other dimen-
sions of the urban travel demand. The issues related to transit
financing may integrate some measure of indirect benefits to car
drivers. Two methods of measurement could be applied: (a) O-D
trip assignment simulation (access, path calculation, network load-
ing) of car users’ trips over the regional transit network or (b) sim-
ulation over the regional road network and the calculation of travel
attributes for each geopolitical territory (those corresponding to a
transit authority’s service area). The choice of method depends on
the information system available for the specification of each net-
work’s respective interterritorial consumption.

Cost Allocation: Equal Costs and Reciprocity

As already shown, the disaggregate approach has the ability to com-
pute precise travel attributes of individuals who benefit directly or
indirectly from the transportation system and to make relational
links among geopolitical areas, transportation networks, and
modes (or routes). At this stage, the method establishes precise mea-
sures of travel demand such as volumes, passenger-kilometers, and
maximum load, as well as such travel supply characteristics as the

TABLE 1 Schematic Representation of Disaggregate O-D Transit Trip Record

Origin Destin Flow Residential Travel Time Transit Network
Zone Zone Zone Purpose Period Path/Time/ Distance
Precise measurement Weight || Belongingtoa || Employers Maximum Modal consumption
of trip characteristics || Expans. Geopolitical Schools Load Volumes, Pass-kms
for every Declared factor Area Businesses Peak by Network
ITINERARY Off-Peak by mode, by route
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FIGURE 2 Disaggregate processing technique.

number of vehicles required and the number of vehicle-hours and
vehicle-kilometers consumed. Classical costing procedures (6),
often based on UMTA Section 15 data or any other Uniform Infor-
mation System, are applied to operational data to derive relevant
unit costs, average fares, and subsidies.

The costing exercise is a critical responsibility for the trans-
portation analyst. Basic assumptions such as the application of the
reciprocity principle and cost parity to all geopolitical areas and
transportation users are obvious. However, the choice of the cost-
fare-subsidy allocation criteria is more difficult. The following
model leaves this choice under the control of the analyst. When
financial data for each transit authority is available and segmented
by operational revenues, total subsidies, and operating expendi-
tures, some choice variables become natural.

INTEGRATED SPREADSHEET

The production of a transit authority is often measured in terms of
the amount of vehicle-kilometers offered within a specific territory.
A natural performance indicator should, then, focus on the passen-
ger kilometers served. The value of transit usage may be considered
proportional to this consumption variable.

Therefore,

Average unit COSTmode = operating expenditures/TOTAL
pass-km served

On the other hand, fare revenue and subsidy are typically based on
network ridership. For this variable, it is important to distinguish
between person trips and network trips (and even mode or route
trip) according to the applicable fare structure. Then:

INTEGRATED
'URBAN TRANSPORTATION
INFORMATION SYSTEM

Average unit FAREnetwork = network revenue/network ridership
Average unit subsidynetwork = network subsidy/network ridership

Application to Montreal Case

The GMA could be seen as being served by four networks. In the sit-
uation where only transit usage is selected as the basic factor to esti-
mate the monetary value of the benefits generated to the residents of
different geopolitical areas, a set of nonofficial data, which reflects
the scope of the problem just the same, has been developed for this
modeling exercise and is given in Table 2. Figure 3 illustrates the rel-
ative importance of transit usage by nonresidents. In the spreadsheet,
the data are composed of the following for the 1987 base year.

e Annual financial data, with the distinction between costs
(annual operating expenditures), operating revenue, and annual
provincial government’s operating subsidy. The deficit, the differ-
ence between costs and revenue + subsidy, is then assumed by the
geopolitical area responsible for a specific network.

e Weekday transit usage data, derived from 5 percent sam-
pled O-D surveys (STCUM, 1987) processed using the totally
disaggregate approach of the MADITUC system over a 24-hr
regional network including four subway lines (about 60 stations)
and approximately 270 bus routes. Respective mode and net-
work riderships (nonadditive volumes) of passenger kilometers
traveled by residents of the following four geopolitical areas are
calculated:

e MUC responsible for the STCUM,

® Montreal’s South Shore, a group of eight municipalities
managing the STRSM,

e Laval, a city with the STL as its transit authority,
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TABLE 2 Financial and Transit Usage Data (Montreal)
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Financial Data
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e CIT, a group of 21 intermunicipal corporations serving a
large number of municipalities on the north and the south shores
of the Montreal area.

Accordingly, unit values are calculated for operating costs (aver-
age annual unit cost per regular weekday transit rider) and other
variables: average annual fare, average annual subsidy, and average
local share per rider. A separate column shows a distinct estimate
based on the municipal share divided by the number of actual tran-
sit riders who are residents of the same geopolitical area. Some
interesting facts are derived from the table figures:

o Fare revenues account for only 35 percent;

e Provincial subsidies account for 41 percent of the operating
expenditures, and local governments contribute only 24 percent, in
comparison to the Toronto case, which has the financing policy of
68 percent-16 percent-16 percent (fares, provincial, local) for oper-
ating expenditures. The situation has since drastically changed in
Quebec; as of 1992, the provincial government had almost stopped
granting its operating subsidies;

e Seventeen percent of the subway ridership and 19 percent of
the consumed passenger kilometers are generated by nonresidents
of the Montreal Urban Community. Moreover, non-residents con-
tribute to only 11 percent of the total ridership of the STUCM. Con-
sequently, nonresidents are found to travel longer distances at
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FIGURE 3 Relative importance of transit ridership by nonresidents.

higher speeds, providing proportionally less revenue and thus not
contributing to the local municipal share.

Calculation of Geopolitical Financial Distortions

The application of the stated rules provides a means to estimate the
relative values of cost, revenue, and subsidy that should be attrib-
uted to the residents of every geopolitical area. Table 3 sketches
summary results based on the data previously shown:

® Average annual transit consumption for a resident of a specific
territory. The second row represents the unit cost for a passenger-
kilometer per resident. For instance, the MUC residents consume an
overall value of $539 million (M) and the STUCM budget accounts
for $602M, the difference of approximately $63M equally con-
sumed by the other three areas: the South Shore ($26M), Laval
($18M), and the CIT ($19M).

® Average annual fare contributed by each resident. Results
show a uniform average fare per passenger-kilometer for all geopo-
litical areas.

e Average provincial government subsidy attributed to a specific
resident on the same basis as fare (ridership). Surprisingly, the aver-
age subsidy per resident transit rider is minimal for the central area,
where the average income is known to be lower by a margin of at
least 20 percent. Not surprisingly, the unit subsidy per passenger-
kilometer decreases with the travel distance from the CBD.

Finally, the last figures concern the derivation of the fair munic-
ipal share, computed from the difference between the costing value
of consumed transit by the residents and the sum of fare and sub-
sidy revenues generated by their corresponding transit usage for
every geopolitical area. Clearly:

Municipal sharearea = COST — (FARE REVENUE + SUBSIDY)

When consolidating the fair municipal shares for every combination
of network and geopolitical area, differences appear between the
amount actually attributed to the transit operator and the amount
that should be fairly applied to the transit usage. That final amount,
called a financial distortion, is negative for the CUM (—$17M) and
should be compensated by the other geopolitical authorities at the
indicated level.

CONCLUSIONS

This paper has demonstrated a consistent and coherent approach to
address transit financing issues in a multigeopolitical urban context
using a methodology (totally disaggregate approach applied to
home-based O-D survey data) enabling the transportation analyst to
take into account a large spectrum of variables and cost allocation
scenarios.

When applying a limited-scope cost allocation scenario, that is,
considering only transit usage (direct beneficiaries) for the Montreal
case, financial distortions were calculated, thus suggesting the cre-
ation of a compensation mechanism among the several geopolitical

- areas of the metropolitan region. In fact, since 1989, there has been

a commission called the Conseil Métropolitain du Transport en
Commun, grouping the STCUM, the STRSM, and the STL, whose
mandate consists of administrating fare integration (regional
monthly pass) and some service coordination among the three larger
transit operators. The provincial government has contributed a global
annual subsidy of $25M for a limited period of 5 years. The proposed
analytical methodology, when applied solely to the examination of
the transit system of a metropolitan area, takes into consideration
about only 25 to 30 percent of the personal motorized trips.

A better knowledge of the multimodal urban transport consump-
tion in a metropolitan area, respective to geopolitical areas and
direct-indirect beneficiaries, should lead to a better understanding
of the underlying economic issues of transportation networks. How-
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TABLE 3 Summary Transit Financial Calculation for Geopolitical Areas

Transit Consumption M.U.C. S.Shore Laval C.IT. Total-GMA
Consolidated TOTAL 539.2 85.5 61.9 40.3 726.9
NET value - network -63.6 26.7 17.8) 19.1 0.0
per resident transit rider
Unit consumption per rider 538 § 736 $ 918 $] 1 097 § 594 §
Unit Cons. per Pass-km 71 $ 64 $ 76 $ 61 $ 70 $
Unit Fare per rider 186 S| 262 S| 328 S| 422 § 208 §
Unit fare per Pass-km 25 $ 23§ 27§ 23 $ 25 $
[Unit Subsidy per rider 228 8| 294 $| 317 8| 323 242 $
Unit Subsidy per Pass-km 30 $ 25 $ 26 § 18 § 29 $
average F+S per rider 414 $| 556 S| 645 S| 745 $ 450 §
average F+S per Pass-km 55 $ 48 $ 54 $ 41 $ 53 §
Costs - (Revenue + Subsidy) ($ M)
Fair Municipal Share RESIDENTIAL AREA
M.U.C. S.Shore  Laval C.LT. Total-GMA

S.T.C.U.M. (Subway +bus) 122.1 4.4 7.3 7.5 141.3
S.T.RS.M. 0.1 16.4 0.0 0.3 16.7
S.T.L. T2 0.1 1T.2 1.0 13.5
C.IT. 0.6 0.1 -0.1 4.1 4.7

- - m— mm
Consolidated TOTAL I 123.9 20.9 18.4 12.9 176.2
Financial Distortion ~-17.4 4.2 4.9 8.2 0.0
Unit local share per rider 124 $ 180 $ 273 § 352 $ 144 §
Unit local share per Pass-km 16 $ 16 $ 23 $ 19 $ 17 §

ever, from a geopolitical standpoint, it seems that it may take a long
time before issues of equity, in a world with sociodemographic and
economic disparities spatially exacerbated by continuous urban
sprawl and related land use management policy, should suggest to
integrate car usage in a multimodal approach to transit system
financing.
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Life-Cycle Costing in Support of
Strategic Transit Vehicle Technology
Decision: Hamilton Street Railway

Looks to the Future

SUSAN SHERMAN AND HENRY HIDE

The approach, data, methods, and results of a detailed disaggregate life-
cycle costing analysis of transit vehicle operation at the Hamilton Street
Railway (HSR) in Hamilton, Ontario, are summarized. The life-cycle
costing was performed in 1991 as part of an overall study of future tech-
nology, which included particulate-trap-equipped diesel, compressed
natural gas, and electric trolleybuses. The study used the HSR’s detailed
maintenance, fuel, mileage, and other records to obtain base diesel life-
time costs. A combination of internal records and those from manufac-
turers and other operators were used to forecast lifetime costs of the new
technologies. Pollution, noise, transit planning, and other such aspects
included in the overall study are not discussed. This analysis indicates
that an all-natural-gas fleet would be the least expensive to operate in
the long term, with an all-diesel fleet second most economical.

The Hamilton Street Railway (HSR) provides transit services to the
Region of Hamilton-Wentworth, Ontario. Located at the western
end of Lake Ontario, this city of 440,000 people is approximately
midway (by road) between Buffalo and Toronto. This transit com-
pany has retained its historical name, despite the discontinuation of
streetcar service in the postwar years in favor of electric trolley-
buses and, later, gasoline and diesel buses.

In the early 1990s, an aging electric trolleybus fleet and infra-
structure forced the Region to decide whether to invest substantially
in electric trolleybus service or to move to an all engine-driven fleet.

Coincidentally, HSR was assessing the viability of compressed
natural gas (CNG) as a bus fuel by running a fleet of 10 converted
diesel buses. This prototype work, begun in 1983, was among the
first in North America, it led to HSR, the Toronto Transit Commis-
sion, and Mississauga Transit being the first to place a significant
order for production for CNG buses (totalling 50 Orion V buses
with Cummins engines and roof-mounted CNG tanks) (1,2).

The mandate of the Alternative Vehicle Technology Investiga-
tion was therefore to study the relative merits of electric trolley-
buses, diesel, and CNG buses based on a variety of environmental,
economic, and other criteria.

The investigation involved representatives from the HSR, the
Ministry of Transportation of Ontario (MTO), and a variety of spe-
cialist consultants. A citizen representative was also selected to par-
ticipate in the study process. MTO participation was both as tech-
nical advisors and as providers of subsidy. The MTO’s policy of
providing 75 percent funding for capital purchases and 19.5 percent
funding for operating expenses was considered in the economic

Cole, Sherman, & Associates, Ltd., 75 Commerce Drive East, Thomhill,
Ontario L3T 7N9, Canada.

evaluation. A special 90 percent subsidy rate for electric vehicle
purchases was, at that time, under review.

STUDY APPROACH

HSR was interested in making a decision in 1991 that would serve
it through the next 20 years. Rather than considering only what
vehicles to purchase this year or next, the question was more fun-
damental: what kind of vehicle technology should HSR invest in
over the long term? This type of decision involves many more con-
siderations than simply a determination of what is most convenient
or most cost-effective.

The following criteria were addressed in evaluating the transit
options:

Noise pollution;

Vehicle emissions;

Air quality impact;

Vehicle operating costs;

Infrastructure costs;

Auvailability of vehicles, parts, and energy;
Special staffing needs;

Safety;

Energy cost and availability; and

Public acceptance.

® 0 ¢ o o & 0o ¢ o o

To maintain the highest possible standards throughout the study,
HSR engaged specialist consultants in the areas of public involve-
ment, noise, emissions, air quality, energy pricing, transit planning,
cost modelling, and engineering design, so that each of these crite-
ria could be investigated by experts in that particular field.

The approach of the study began with the definition of eight
viable strategies for providing transit service in the Hamilton area.
In each case, the service level was the same as that currently pro-
vided. The eight options were

1. Status quo (except that diesel buses would be equipped with
particulate traps.) The 1992 (base year) mix was 45 trolleys, 170
diesel buses, and 25 CNG buses.

2. Option 1, plus extend one trolley line to McMaster University.

3. Option 2, plus extend another trolley line up the “Hamilton
Mountain” (actually a section of the Niagara Escarpment).

4. Replace all retiring vehicles with CNG.

5. Replace all retiring vehicles with “improved diesel.”




6. Option 1, except CNG replaces all retiring diesel buses.
7. Option 2, except CNG replaces all retiring diesel buses.
8. Option 3, except CNG replaces all retiring diesel buses.

This paper concerns only the cost modeling portion of the study.

APPROACH TO VEHICLE LIFE-CYCLE COSTING

The costs of vehicle ownership are complex and are not readily
comparable with one another. One vehicle may have a higher pur-
chase price but may be more fuel-efficient than another. Mainte-
nance costs may be quite different and may have a different pattern
over the vehicle’s lifetime.

Life-cycle costing seeks to reconcile the differences among alter-
native vehicle types without losing any of the distinctions. A life-
cycle costing table lays out all the expenditures relating to each
option in the year in which they occur. Discounting is then applied
to the table so that costs relating to different years may be compared
on an equal footing.

Any end effects are treated as a residual value at the end of the
study period. For example, if one option involved the purchase of a
number of expensive vehicles in the last year of the study, the own-
ership value remaining in those vehicles at the horizon year is con-
sidered as a credit to that option. The residual value is determined
using straight line interpolation, consistent with the fact that the
vehicles are valued at their worth as functioning equipment to pro-
vide transit service, rather than their resale value.

Costs to be examined in this exercise include only those that may
be subject to variation among the alternative vehicles, specifically
maintenance, capital, energy, and infrastructure. Other costs, such
as drivers and administration, do not affect the outcome of the study
and so were not included in the analysis.

This study used cross-sectional analysis to determine the mainte-
nance costs associated with the vehicles under investigation. Cross-
sectional analysis uses many vehicles of different ages to determine
the cost profile throughout a vehicle’s lifetime. This is particularly
appropriate to the Hamilton analysis because there is little differ-
ence among the vehicles other than their age. Cross-sectional analy-
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sis has the added advantage of being unaffected by inflation or
changes in maintenance procedures.

An alternate approach may have been to obtain a picture of main-
tenance expenditures throughout a vehicle’s lifetime. However, it is
virtually never the case that every dollar spent in maintaining a
vehicle is recorded and categorized. Furthermore, such a dataset
could not be completed until the vehicle was retired. Such an
approach to obtaining vehicle maintenance histories is clearly not
appropriate to this type of study.

The study relied on the Vehicle Maintenance System (VMS) data
base installed at the HSR, which made it possible to obtain in elec-
tronic format a detailed history of expenditures on each individual
vehicle in the fleet, including details of the maintenance activity to
date. Data relating to the most recent 12 months were used in the
study because they were believed to be most reliable.

The maintenance life-cycle cost model used disaggregated main-
tenance cost models for the standard diesel bus as a basis for the
analysis. The 1 year of available maintenance cost information on
the entire fleet provided sufficient data to calibrate a separate cross-
sectional life-cycle cost model for labor and materials in each of 15
component subgroups. The subgroups used in the study are given in
Table 1. Figure 1 illustrates 1 of the 15 such models developed for
the base case.

The cost models were then applied to the three technologies that
were the subject of the investigation. Whereas other studies have
attempted to derive maintenance costs for new technologies by esti-
mating the total cost variation from the base case, this study bene-
fitted from the availability of 15 different submodels, clearly iden-
tifiable by the technical differences among the different vehicle
types. Ten categories of maintenance did not vary at all among vehi-
cle types, as indicated in Table 1.

The improved diesel differed from the base case (standard diesel)
in only two categories: the particulate trap and the electrical system.
Particulate trap maintenance and replacement costs were estimated
after discussions with trap designers and test fleet operators. Sev-
eral categories did not apply to electric trolleybuses at all but were
easily adapted to CNG from the baseline diesel costs using techni-
cal knowledge combined with HSR experience with the prototype
CNG buses.

TABLE 1 Component Groups Used in Maintenance Cost Analysis

Component

Common to all vehicle types:

Preventative Maintenance
Tires, Steering, Suspension
Air Systems

Brakes

Farebox / Communications
Service / Cleaning

Auxiliary Electrical Systems
Body

Heating / Air Conditioning

Engine-driven vehicles only:

Transmission, Drive Lines
Engine and Accessories
Cooling System

Fuel System

Trolleys only:

Trolley Lines
Electric Motive Power System
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Labour Cost
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FIGURE 1 Tires and steering maintenance costs (example of
derived component group cost relationship).

Unique electric trolleybus component costs were estimated from
historical HSR costs for these items, using the experience of other
North American trolley operators in determining the maintenance
impacts to be expected with more modern equipment. Auxiliary
power unit costs were estimated from technical data and limited
HSR experience.

Miscellaneous garage costs were determined separately for the
three vehicle types, ensuring that engine-related items such as bat-
teries, antifreeze, and engine oil would not be assigned to trolleys.
By breaking the costs of maintenance into small subcosts in this
way, the total costs were easily assembled and defensible.

CAPITAL COSTS

Capital costs of CNG and diesel buses were obtained from recent
HSR bids, which were nearly identical to the study buses in terms
of options. The cost of the particulate trap was estimated and added
to the diesel bus cost. Adjustments were made to account for infla-
tion and taxes in the base year.

The purchase price of an electric trolleybus meeting the HSR
requirements is not easily determined. Few trolleys had been pur-
chased in North America in the previous 10 years, and few bus man-
ufacturers were generally interested in producing them. The cost of
an electric trolleybus was estimated using the results of an earlier
study (by Cole, Sherman & Associates, Ltd, for the Hamilton Street
Railway, unpublished work), as well as published bid prices from
all trolley purchases in North America over the past 10 years; the
result was verified using component costs.

Trolley purchase price depends heavily on bid quantity because
the traction motors are not an “in-stock” item. The price used in this
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study depended on the assumption that another (larger) trolley user
would place an order for new vehicles in the near future, and the
HSR purchase could then be “piggy-backed” onto this order to
obtain the benefit of a lower price. The estimated purchase prices of
the three vehicle types to HSR in 1991 are presented in Table 2.
Prices include all applicable taxes and are quoted in Canadian dol-
lars; they all include air conditioning.

ENERGY COSTS

As is the case in many other studies of this nature, the cost of energy
is the most significant, as well as the most subject to market fluctu-
ations. For this reason, HSR engaged a specialist consultant in the
field of energy pricing who produced high, low, and most likely
estimates of energy prices for the three vehicle technologies for the
entire study period. -

Figure 2 illustrates the forecast energy prices, including all taxes,
to the HSR. In reference to Figure 2, it should be noted that

1. All figures aré expressed in Canadian dollars.

2. The cost of compressing CNG is included separately in the
analysis, based on known compression energy and the electricity
costs included in this paper.

3. The demand charge for electricity was estimated to grow at
the same rate as the consumption charge shown included in this

paper.

Comparisons among the prices are significantly different in
Ontario from what is observed in many parts of the United States,
in particular the low cost of natural gas in relation to that of diesel
fuel. There are two main reasons for this. Natural gas is abundant in
Canada and is supplied through a well established pipeline network.
It is not subject to road taxes, because it is not in common use as a
vehicle fuel. (This factor may change in the long term but is not
expected to do so in the study timeframe.) Diesel fuel is, like gaso-
line, subjected to substantial taxation from both provincial and fed-
eral governments. Energy costs for trolleys included both con-
sumption and demand charges for electricity. Demand charges were
forecast to increase at the same rate as consumption charges during
the study period.

The fuel (energy) efficiencies of the three vehicle technologies
(summarized in Table 3) were determined from a combination of
sources:

¢ Diesel bus fuel economy was derived from HSR fuel usage
records, using detailed data to isolate the energy penalties asso-
ciated with air conditioning (included on 1989 buses) and with
the larger 6V92 engines (included since 1987). An additional 1 per-
cent penalty was added to account for the particulate trap. The

TABLE 2 Summary of Vehicle Costs and Life Expectancies

Type Cost Life Expectancy
CNG: $246,000 18 years
Diesel: ~ $243,000 18 years

Trolley: $478,000

36 years, with a major refurbishment at about 18 years
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FIGURE 2 Diesel fuel cost projections (¢/L) (top);
CNG cost projections (¢/m®) (middle); electricity cost
projections (¢/kW-hr) (bottom).

resulting fuel economy was verified by comparison with published
figures. ‘

e CNG bus fuel economy was determined primarily from
published figures, applying the deviations from “average” calcu-
lated for diesel buses to adjust the published figures to the HSR
situation. The electricity required to compress the natural gas
was taken from HSR records for its existing (prototype) CNG fleet.
A premium for air conditioning was applied. Under Options 4, 6, 7,
and 8, HSR’s significantly increased CNG fleet would warrant
the installation of a larger compression facility (see Infrastruc-
ture Costs). For these scenarios the compression energy was
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reduced because of the higher supply line pressure that would then
be available.

e Trolley energy efficiency was estimated using HSR electricity
charges for 1987 (the last year with uninterrupted trolley service on
all routes). Both consumption and demand charges were divided by
the number of fleet km to obtain an average. Adjustments were
made to account for air conditioning and chopper controls (expected
to be a feature of any new trolleys purchased after 1991). Energy
efficiency determined in this way included distribution losses under
actual HSR conditions and is not obscured by the existence of other
power users, such as streetcars or subway trains, using the same dis-
tribution network.

INFRASTRUCTURE COSTS

Infrastructure costs were determined following a preliminary
assessment of the infrastructure needs for each option and a pre-
liminary design in each case. For the options that included electric
trolleybuses, the existing infrastructure would need to be upgraded
to allow the newer electric trolleybuses to operate because the older
overhead does not provide clean enough power to operate the more
sensitive new vehicles. In addition, some of the power supply lines
would need to be buried to meet new city standards. Under Options
2, 3, 7, and 8, trolley extensions would be required, including an
additional substation. Options 4, 6, 7, and 8 would require new nat-
ural gas compression facilities. Options 4 and 5 include the cost of
demolishing old trolley lines.

The costs of these requirements were determined in some detail
through a preliminary design that estimated numbers of poles,
lengths of wire, and the degree to which other utilities would
be affected. Construction/demolition costs were estimated, along
with a suitable timetable for their implementation, as shown in
Table 4. Preliminary design was also carried out on the natural
gas compression facility, which is reflected in Scenario 4 Costs in
Table 4.

UNDISCOUNTED COSTS (CASH FLOW)

To combine the costs of the different operating cost sources, over-
heads were determined that would bring the costs to a common
denominator. Labor overhead included benefits, as well as direct
supervision and clerical staff. Materials and capital costs were
adjusted to include the cost of purchasing and stocking.

Figures 3 through 10 illustrate the costs in current dollars
involved with operation of the fleet over the study period. Options

TABLE 3 Summary of Energy Usage for HSR Alternative Vehicles

Bus Type Fuel Economy
Diesel Bus (with Particulate Trap) 71.3 L/100 km
CNG Bus 83.5 m3/100 km plus compression energy @

*  35.6 kW-h/100 km. (Scenarios 1, 2, 3 and 5)
*  22.4 kW-h/100 km. (Scenarios 4, 6, 7 and 8)

Electric trolleybus

308.5 kW-h/100 km plus 317 kW/trolley/year peak
demand




TABLE 4 Infrastructure Capital Costs ($ millions)

Scenario 1 2 3 4 5
MAJOR COST GROUP
1. Bus Maintenance Infrastructure
1.1. Maintenance Facilities 0.050 0.100 0.100 5.400 0.050
2. Bus Route Infrastructure
2.1 Sub-station Work 3.072 5.483 7.101 - -
2.2 New Trolley Overhead 0.295 6.969 12.643 - -
2.3 Existing Trolley O/H Upgrade(*) 9.552 9.848 9.848 - -
2.4 Roadworks 0.266 1.148 2.305 - -
2.5 Removal of O/H - - - 1.909 1.909
Contingency/Engineering 2.647 4.710 6.399 1.461 0.391
TOTAL 15.882 28.258 38.396 8.770 2.350

*

downtown sub-station required in Scenarios 2 and 3.
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FIGURE 5 Summary of undiscounted costs for King Street and Mountain Trolley extension

scenario.

1,2, and 3 show increasing costs with the introduction of additional
trolleys, due to the capital and infrastructure costs. Options 4 and 5
have very low infrastructure expenditures and relatively smooth
expenditures on vehicle purchases throughout the study period.
Option 4 is also notable for its lower energy costs. Options 6, 7, and
8 are less costly than the corresponding Options 1, 2, and 3 but are
more costly than 4 and 5.

The costs were discounted at a rate of 6.8 percent (taken from
actual HSR borrowing costs) and then were subjected to a sensitiv-
ity analysis that varied the costs in each category according to the
uncertainty level associated with it. Figure 11 shows the ranges in
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total price for the eight options. The dollar amounts in Figure 11
represent the total amount of money HSR would need to put in the
bank now to pay for the entire fleet for 20 years.

CONCLUSIONS AND RECOMMENDATIONS

As stated earlier, the life-cycle costing analysis outlined in
this paper represents only a part of the study that was carried out
for the HSR. For that reason, it would not be appropriate to draw
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FIGURE 6 Summary of undiscounted costs for CNG bus scenario.
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a conclusion based solely on the outcome of this portion of the
investigation.

If costs were the only consideration Option 4, featuring the CNG
bus, would clearly be the choice for the HSR in view of its signifi-
cantly lower forecast energy costs for the study period. As shown
in Figure 6, the real cost of this option decreases with time, as
more and more of the fleet is converted to the gaseous fuel. Option
5 is also reasonably priced, primarily because of its lower capital and
infrastructure costs in comparison with options that feature the
trolleys.

The study was subjected to expert review by a four-member
panel. In addition, two series of public involvement sessions sought
to acquire Hamiltonians’ input into the direction of the study near
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its beginning and to give the opportunity for them to comment on
its findings before a policy decision could be made.

REFERENCES

1. Topaloglu, T., J. Turner, D. Elliot, and D. Petherick. Assessment of Tran-
sit Bus Propulsion Options in Ontario. Ontario Ministry of Transporta-
tion, Canada, March 1991.

2. Harmelink, M. D, and O. M. S. Colavincenzo. The Development of Nat-
ural Gas Buses in Ontario. May 1990.

Publication of this paper sponsored by Committee on Transit Management
and Performance.




68

TRANSPORTATION RESEARCH RECORD 1496

Incremental Bus Allocation with
Competing Mass Transit Services

IsaMm KAysi AND GEBRAN BASSIL

An efficient allocation of fixed equipment among routes in a bus net-
work can be primarily achieved by choosing appropriate headways or
frequencies on each route. An interesting exercise arises when the allo-
cation of additional equipment is likely to result in significant ridership
attraction from competing services. In this case, models that take into
account the operating environment and the nature and extent of com-
peting services on different routes are needed to estimate the demand
response to various headways and to allocate additional equipment effi-
ciently. In this paper, a model that allocates buses among various lines
based on a realistic correlation between bus headways and demand for
bus service is proposed and applied to the case of the bus transit opera-
tion in the city of Beirut, Lebanon. The transit authority in Beirut runs a
limited bus network with a small fleet that will be expanded on over the
course of the coming 2 years. Competing mass transit services in Beirut
include private jitneys operating over an extensive network as well as
limited private bus fleets. In this paper, the allocation of additional buses
in the bus transit operation in Beirut is addressed. A variable demand
representation was applied in the bus allocation model and necessitated
a data collection effort to identify the potential for ridership attraction
from competing services. The model was then applied based on an incre-
mental analysis and with cost-recovery considerations in order to allo-
cate efficiently the additional buses to the existing network.

Given a transit operation with established routes, areas being
served, and hours of service, a common exercise for the bus transit
planner involves deciding on the levels of service or frequencies
that should be provided on each route. This procedure of setting
headways or frequencies on bus routes is commonly referred to as
the equipment allocation, or fleet allocation, problem. The fre-
quency-setting decision is a complex component in the planning
process that involves determination of the distribution of the oper-
ating resources over an existing network. In its most general sense,
the aim is for an efficient, system-wide allocation of services among
routes as well as across time of day (/).

An interesting exercise arises when additional equipment is to be
allocated and where such allocation is likely to result in significant
ridership attraction from competing mass transit services. In this
case, models that take into account the operating environment and
the nature and extent of competing services on different routes are
needed to estimate the demand response to various headways and
to allocate additional equipment efficiently. In this paper, a model
that allocates buses among various lines based on a realistic corre-

1. Kaysi, Department of Civil and Environmental Engineering, American
University of Beirut, 850 Third Avenue, 18th Floor, New York, N.Y. 10022.
G. Bassil, Department of Civil and Environmental Engineering, American
University of Beirut, P.O. Box 11-0236 Beirut, Lebanon.

lation between bus headways and demand for bus service is pro-
posed and applied to the case of the bus transit operation in the city
of Beirut, Lebanon. The transit authority in Beirut runs a limited bus
network with a small fleet that will be expanded over the course of
the coming two years. As such, an analysis involving an allocation
of additional equipment to the existing network based on potential
ridership attraction from competing services and cost-recovery con-
siderations was implemented.

EXISTING APPROACHES TO FLEET
ALLOCATION WITH VARIABLE DEMAND

Early approaches to the optimum headway problem assumed
demands that did not vary with the headway, although they might
vary with time. The objective function commonly related to the
minimization of a weighted sum of operators’ monetary costs and
passengers’ waiting time (2,3) or the minimization of passengers’
waiting time subject to budget or fleet size constraints (4-6).

Variable demand formulations of the fleet allocation problem
have appeared in a number of studies. For instance, the allocation
of buses in networks with overlapping routes based on a minimiza-
tion of a function of passenger wait time and bus crowding is dis-
cussed by Han and Wilson (7). The allocation is constrained by the
number of available buses and the provision of enough capacity on
each route to carry all passengers selecting that route. Although the
demand for bus service, expressed by the set of origin-destination
flows, is given and assumed fixed in this approach, the number of
passengers eventually using each route is variable and depends on
the bus allocation, since passenger flows are split between compet-
ing routes serving some of the origin-destination pairs. Moreover,
Kocur and Hendrickson (8) analyze the design of local bus service
and determine the optimal route spacing, headway, and fare for
three objective functions. The analysis is based on an equilibrium
framework whereby transit ridership is sensitive to the level of ser-
vice provided by the bus system. Finally, Furth and Wilson (9) pro-
pose a model to allocate available buses between time periods and
on fixed routes so as to maximize the net social benefit subject to
constgaints on total subsidy, fleet size, and levels of vehicle loading.
The model formulates the problem of setting frequencies on bus
routes as a constrained resource allocation problem with the objec-
tive function consisting of maximizing the summation of two dis-
tinct components: consumer surplus and transit ridership. Of par-
ticular interest here is the fact that in this (nonlinear) formulation,
headway is used as the basic decision variable and ridership is
expressed explicitly as a function of headway.
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PROPOSED APPROACH TO INCREMENTAL
BUS ALLOCATION IN A COMPETITIVE
ENVIRONMENT

With fixed bus routes, fares, and speeds, the only operating factor
capable of attracting riders from competing services is a change in
headways, which can be achieved through fleet allocation. The focus
of this paper is on proposing an approach for bus allocation over sev-
eral routes in a network in the case where the bus service is compet-
ing for ridership with other mass transit services. To estimate the
demand response to various headways, models that take into account
the operating environment and the nature and extent of competing
services on different routes are needed. Given the need for a variable
demand formulation in the competitive environment being consid-
ered, an appropriate form of the demand function that relates rider-
ship on a bus route to that route’s headway must be determined.

Problem Context

In the analysis that follows, it is considered that public transit buses will
be competing for riders with two other types of mass transit services,
namely (a) buses of similar operating characteristics (for instance, pri-
vate bus operations), and (b) an alternate mass transit service of dis-
tinct operating characteristics (for instance, jitney operations). The
potential reaction and shift of auto passengers is not considered
because the limited improvement in bus level of service is not expected
to be sufficient to incur any significant switching from the auto mode.

The analysis will focus on the assignment of additional buses to
routes in an existing network to improve on a minimal level of bus
service. The assignment will be based on the potential attraction of
riders from each of the two competitors.

Possible Models of Ridership Attraction

To estimate the potential attraction of riders from competing ser-
vices based on the allocation of additional buses, three variable
demand models were considered: the trinomial logit model, the
nested logit model, and a third model that considers competition
with each of the two other modes separately. First, it was concluded
that the application of a trinomial logit model (public bus, private
bus, or other distinct service) would not have been feasible because
the operating characteristics of public and private buses are quite
similar, and therefore such a model would violate the independence
of irrelevant alternatives (IIA) assumption of the logit model (10).
Second, it was noted that the application of the nested logit model
in the competition context being considered is possible in principle.
In such a case, the upper-level choices would include “bus service”
and “other distinct service,” and the lower-level choices (under bus
service) would incorporate both the public and private bus opera-
tions. A detailed description of the nested logit model can be found
in the work of Ben-Akiva and Lerman (10).

A third model, which is being proposed here, considers competi-
tion between the public bus operation and each of the two other
mass transit services separately. This model stresses the differences
in competition mechanisms between public buses and each of the
two competing modes, and is useful in cases where including the
three modes in the same model is likely to be inappropriate. As
such, two different approaches are adopted for computing ridership
attracted from each of the two competing services. The proposed
model is described in detail next.
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Competition with Services of Distinct Operating
Characteristics

Logit Model

Demand for bus service is modeled as a choice process in which
each individual traveler has the possibility of choosing either bus
transit or an alternative, distinct mass transit mode (such as jitneys).
The demand function to be used here is the logit model, the most
commonly used disaggregate mode choice model and one that
allows the analyst to predict the modal choice probabilities for indi-
vidual trip-makers. The logit model takes the form:
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where

Py(1) = probability of a mass transit rider served by route i
choosing bus (mode 1),

V(1) = utility of bus transit for population served by route i, and

Vi(2) = utility of alternative mass transit mode for population
served by route i (mode 2).

For the population of mass transit riders whose origins and des-
tinations are served by route i, or POP;, the number of riders who
will choose bus transit is given by

eV,‘(l)

r; = POP; * P(1) = POP; = m

where r; equals the number of mass transit riders served by route i
choosing to use buses and POP; is the total mass transit-riding pop-
ulation served by route i.

Utility Function

The utility of each of the two competing modes is a function of vari-
ables describing that mode (travel time, travel cost, comfort and
convenience, etc.) and the individual making the modal choice deci-
sion (income, automobile availability, etc.). Assuming random pas-
senger arrivals and constant bus headways, the average passenger
wait time at the bus stop is equal to half the headway. As such, the
impact of the passenger wait time on demand for transit service can
be directly related to bus headway. This suggests the inclusion of a
variable relating to bus headway in the utility function. In particu-
lar, the utility of bus transit may be represented as:

V(1) = 0 * h; + other terms

where A; is the headway on route i and 6 is the headway coefficient
in the utility function.

Pivot-Point Form

If the base probability of choosing bus transit is known, and head-
way on route i is changed by an amount A#; from its base value of
K% 1o h;, the new probability of choosing transit can be predicted
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from the pivot-point form of the binary logit model, which can be
derived from Equation 1. This form is (10):

— PO -1
P: = |:1 + 1—13102’_ % e—ﬁAhi:I

In this formulation, P?is the base probability of choosing bus tran-
sit for the population of mass transit riders served by route i; that is,
it corresponds to the observed proportion of total mass transit trav-
elers served by route i choosing bus transit. P?can also be referred
to as the base bus transit share. A#; is the change in the headway of
route i from its base value (h; — h9). Note that h? is the observed,
base headway for bus transit on route i whereas #; is the new head-
way on route i. P’; is the probability of choosing bus transit given
the new headway h,. The primary feature of the pivot-point logit
model that makes it a suitable demand function is that it reproduces
the observed ridership, so that demand variation is considered only
from the actual point of observation. This at least ensures that the
present steady-state conditions are reproduced in the model.

Attracted Ridership

In the model considered here, the base headway, ridership, and tran-
sit share correspond to a minimal level of transit service. The allo-
cation of additional buses will strictly improve the headway on all
routes, and as such ridership will always be attracted from the com-
peting, distinct mode. The final equation for attracted ridership on
route i from this first class of competing services, or the difference
between the ridership because of the improved headway and the
base ridership, is:

An(h) = POP; + P} — 10 = % # P/~ 0
2 1 - P -1
=5y * [1 TR T e'“‘“"""’?’] —r? @

where #71s the base ridership on route { or the observed number of
riders.

Competition with Private Bus Services

Private buses represent the second class of competitors being con-
sidered for the public bus system. In this case, “bus riders” have the
choice of riding on either private or public buses that serve their
intended trip origin and destination. The two services are assumed
to have similar service quality and similar operating characteristics
with respect to fares, in-vehicle travel times, and comfort on the dif-
ferent routes they serve. Within this context, the frequency of oper-
ation is the major, if not only, factor determining the split in rider-
ship between the private and public systems. As in the first case of
competition outlined above, the allocation of additional buses to the
public bus system will be considered starting from a minimal basic
level of service. Therefore, only the attraction of additional riders
from the private buses as the frequency of public buses is increased
will be considered. The number of additional riders who are
attracted from private buses is:

A, ) = = Lo e 3)
bi vi
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where

J»i = frequency of public buses on route i,
[ = frequency of private buses on route i, and
rr; = total current bus (public and private) ridership.

Total Attracted Ridership

The total number of riders attracted to an improved public bus sys-
tem will be computed as the sum of the two terms appearing in
Equations 2 and 3. The final public bus ridership will be equal to:

r{h) = r+ Ari(h) + Ary(h) ®

In other words, the final public bus ridership is the sum of three com-
ponents, namely: (a) the base ridership, (b) ridership attracted from
the competing of distinct operating characteristics (as in Equation
2), and (c) riders attracted from private buses (as in Equation 3).

Data Requirements

The use of the above modeling approach requires data on the rider-
ship served on each route by the different mass transit services for
the base case of current public bus service. This data can be used to
determine the base public bus ridership (r9), the current modal split
between public buses and the first class of competing services (p?),
as well as the total current bus ridership (r;). Current frequencies of
the two types of bus services on each route (fy,; and f,;) are also
required. Finally, the headway coefficient 8, to be used in Equation
2, is also required.

CASE STUDY: BEIRUT CONTEXT

The proposed methodology for incremental bus allocation in acom-
petitive environment is illustrated in the case of the city of Beirut,
Lebanon. The Beirut context is described first by discussing mass
transit operations in existence, modal usage trends, and the poten-
tial role of the public bus system. The study objectives and scope
are also described at the end of the section.

Mass Transit Operations

The public bus system in Beirut has been limited in its operations
for a number of years, providing a service that is too infrequent to
be reliable and highly subsidized. The public bus authority owned
and operated 150 buses in the greater Beirut area in 1965. All the
buses were destroyed during the first years of the war. In 1978, the
authority ordered 220 buses, which were shipped in stages until the
late 1980s. However, many of these buses were eventually
destroyed or stolen, and as a result only.60 buses remained in oper-
able condition as of the end of 1992. However, because of a lack of
manpower and inefficient management practices, only a fraction of
these buses are actually operating on the different routes (42 in 1991
and 22 since the latter part of 1992).

In contrast, mass transport in Beirut is characterized by a signif-
icant supply of privately operated transit services, which are mostly
unstructured and unregulated. Jitneys, locally known as “service”
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and which rely on sedan cars, form the backbone of these services.
Moreover, limited private bus fleets have begun to grow in recent
years to fill the void created by the weakness of the public bus sys-
tem, and now carry significantly more passengers than public buses.
However, the private buses are operating without authorization, and
the rather old equipment being used is not properly maintained and
lacks certain safety requirements. The private bus operations within
Beirut are certain to be scaled down (or phased out altogether) by
the government when the public bus system gets revitalized.

Modal Usage Trends

The limited service offered by the public bus system within Beirut,
the absence of public bus services outside Beirut, and the expand-
ing ownership and use of the private automobile (about 100,000
cars were imported into the country in 1991) have resulted in the
predominance of the auto as the most important transportation
mode. Traffic counts conducted in 1984 (/1) indicated that buses
carried less than 5 percent of midday trips in Beirut (peak period rid-
ership levels were unavailable) and jitneys carried about 23 percent,
with the remaining 72 percent of trips being made by the private
auto. Comparable pre-war figures for 1970 (12) were 11, 44, and 44
percent, respectively, indicating a trend toward less reliance on pub-
lic transit.

Potential Role of Public Bus System

Based on the factors outlined above, and given the probable finan-
cial and physical constraints on major new infrastructure invest-
ments in Beirut, public transit has the potential to play a significant
role in reducing congestion based on its ability to provide higher
capacities and vehicle occupancies than the private auto. The last
major government planning study for the Beirut Metropolitan
Region (BMR), the Schema Directeur (/3), suggests that a greater
reliance on public transit to transport passengers from the suburbs
to Beirut and within Beirut itself should be a major component of
an overall plan to ease traffic congestion in the BMR.

During the coming 2 years, the transit authority in Beirut is plan-
ning to expand its bus fleet to close to 120 buses through the reha-
bilitation of older buses and the acquisition of a limited number of
new ones. Based on this modest public investment, it becomes pos-
sible for the public bus system to improve travel conditions in Beirut
in at least two respects: (a) by providing a viable, cheap alternative
to jitneys, and consequently inducing a shift in ridership away from
this less-efficient travel mode; and, (b) by reassuming its role as the
prime bus mode in Beirut, and consequently helping to phase out the
illegal private bus operations by reducing reliance on them.

Study Objectives and Scope

Since the transit authority in Beirut will, for the near future, be con-
strained with respect to major equipment acquisition to support bus
network expansion, the existing network structure, which has been
relatively stable since 1991, is likely to be maintained until further
notice. In such a context, the major lever in improving service is in
setting the route headways on the existing network. Constrained by
a limited number of operating buses and a limited budget, it is pri-
marily in choosing the headways that these limited resources can be
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allocated more efficiently. It is therefore imperative that the alloca-
tion be performed in a way that maximizes the social benefit and
ensures efficiency.

In view of the likelihood that the transit authority will be in
charge of running a larger fleet within the next 1 to 2 years, the next
section describes a proposed approach for allocating buses among
lines based on a realistic correlation between bus headways and
demand for bus service. This need for a variable demand represen-
tation in the bus allocation model necessitated a data collection
effort to identify the potential for ridership attraction. The approach
was then applied, in an incremental mode, to efficiently allocate the
potential additional buses on the existing network.

INCREMENTAL BUS ALLOCATION IN
COMPETITIVE ENVIRONMENT

During the latter part of 1992, the bus fleet in Beirut comprised only
22 buses, which were being operated on a network consisting of
nine lines. The operating fleet has remained at about that size since
then. However, during the coming 2 years, the transit agency is
likely to be able to expand the bus fleet to nearly 120 buses, raising
the question of how these buses should be distributed among the dif-
ferent lines in the existing network.

The expected fleet expansion will introduce modifications to the
current system conditions, including a potential for attracting riders
from competing modes of mass transit. Therefore, a need exists for
variable demand models for setting headways. In the following, the
proposed approach to incremental bus allocation (described above
and represented by Equations 2 to 4) is adopted instead of the nested
logit model since, in the context of the expansion of the public bus
system in Beirut, all demand shifts will be in the direction of this
revitalized system. Moreover, and with the likely restrictions on and
phasing out of the private bus operations, this mode cannot be con-
sidered as a viable, equivalent bus alternative in the lower-level
choices, as the nested logit model would imply.

In the analysis that follows, it is considered that public buses will
be competing with jitneys and private buses for riders. Because the
extent of the public bus service will remain rather limited, the poten-
tial reaction and shift of 