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NEW APPROACHES TO PLANNING INTERCITY TRANSPORTATION SERVICES

THE CHALLENGE TO ELECTED OFFICIALS AND PLANNERS

State and local officials in rural areas and small cities across the
country -- including both high-growth areas and low-growth areas -- are facing
new and increasing concerns about the freight and passenger transportation
services that have long connected such areas with major urban areas. Some
communities are facing major changes in the price, availability, or quality
of intercity transportation services which are often seen as essential to the
social and economic fabric of these communities. Radical changes to these
transportation services may even have important effects on the continued via-
bility of many rural areas and small cities.

In the past, private companies provided intercity bus, rail passenger, rail
freight, and air service to rural areas and between cities with minimum public
involvement in the provision of service. However, those firms were regulated
at the Federal, state, and sometimes local levels with regard to entry and exit
from routes or services, the fares or rates they were allowed to charge, and,
from time to time, safety issues. These regulations were intended to create
widely available transportation services through cross-subsidies from profitable

routes to support otherwise unprofitable services, such as those found in some

rural areas.



Recent changes in the economics of transportation plus management decisic
made possible by Federal and state regulatory reforms have combined to eliminate
many of these cross-subsidies, which has led private carriers to reduce or
even completely discontinue service on those routes where costs exceed revenues.
Such routes are often those serving rural areas and small cities. Furthermore,
Federal assistance programs that recently provided some financial assistance
are scheduled to expi;e or cannot accommodate additional demands. Therefore.
state and local officials have increasingly turned to innovative funding techni-

ques, such as those discussed in the report entitled Innovative Funding for In-

tercity Modes: A Casebook of State, Local and Private Approaches,1 in order t«

maintain essential intercity services. To identify which of those intercit;
services facing abandonment or significant price and quality changes should b
considered most essential, planners and local officials need to employ the kind:

of cost analyses, demand analyses, and cost-benefit analyses described in thi

report.

Regulatory Reform

Regulatory reform by the Federal government affected all the intercit;
modes serving rural and small-town America. In 1977 the Airline Deregulatio:
Act deregulated the airlines, setting in motion a number of changes in th
amount, quality, and price of air service. A series of legislative acts durin
the 1970's dealt with the rail industry, beginning with the creation of Amtra
in 1971 to handle a vastly reduced level of intercity passenger service, the
creation of Conrail in 1976 to consolidate freight service in the Northeast,
and culminating in the Staggers Act of 1980, among other regulatory reforms,
which provided increased ratemaking and contracting flexibility to the freight
railroads. Interstate trucking was partially deregulated by the Motor Carrier
Act of 1980. 1In 1982, the Bus Regulatory Reform Act was signed into law,
providing bus companies with greatly increased flexibility to drop or add

service, as well as change rates.

lFrederic D. Fravel, et al. Innovative Funding for Intercity Modes: A Case-
book of State, Local and Private Approaches. Prepared by Ecosometrics, Incor-

porated for the Office of the Secretary, U.S. Department of Transportation,
May 29, 1987.
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A number of states also deregulated intrastate services for some or all
modes in line with the Federal actions. In some cases, the Federal statutes
included pre-emption of state regulation of intrastate service under particular
circumstances, such as bus service abandonments or intrastate rate cases. For
other modes, state regulation has historically been minimal, as in the case

of air service.

Economic Changes and the Declining Demand for Intercity Modes

Changes in rural economic activities and development patterns, coupled with
the changing regulatory environment, have contributed to shifts in rural trans-
portation requirements. [Economic decline and technological change in basic
industries, including coal, steel, and agriculture, has reduced rail freight
demand in many areas. Completion of the interstate highway system has lowered
the costs of transportation by auto, bus, and truck, often resulting in growth
for many small towns in the outlying areas of major metropolitan areas. De-
clining fuel costs have benefited all modes with regard to the cost of opera-
tion, particularly those that are more fuel intensive. Air travel has particu-
larly benefited from reduced energy costs. Demand for common carrier modes
has declined relative to the auto, primarily due to high labor costs; new
non-union carriers have developed in response to this problem.

Public officials now have to consider a variety of trends which influence
the services needed for continued social and economic well-being of rural
areas. These trends include:

e the decrease in the rail share of freight transportation, and the
increased role of trucking to carry even bulk commodities,

e the decline of rail passenger service, with only the core Amtrak system
remaining,

e the decline in demand for regular-route intercity bus service,

e the growth of air travel, including the development of commuter and
regional carriers serving small cities on hub-and-spoke route systems,
and

e the development of local rural and small community transportation sys-
tems to serve the mobility needs of those unable to use the private
auto.



For rural areas, the results of these changes have been mixed. Auto avaj
ability has increased mobility for many, and commuter airline services have
increased the frequency of service to many small cities. Trucking service
continues to be provided, sometimes at lower rates than before deregulation.
However, many places lost rail freight and passenger services as the rail
network operated by the major carriers serving the United States shrank from
211,459 miles in 1955 to 145,764 miles in 1985. 1Intercity bus service was
discontinued at almost 4,000 points out of the 15,000 served prior to the

regulatory reform era, and service frequency has been reduced on much of the

remaining network.
PUBLIC-PRIVATE PARTNERSHIPS FOR RURAL INTERCITY TRANSPORTATION

The question for state and local policy-makers is how to ensure the con-
tinued provision of service that meets mobility needs at prices that permit
those in need of transportation to actually use the service. Increasingly,
officials in urban areas are turning to partnership activities with the private
sector as a means of reducing costs and increasing effectiveness. While rural
areas receive substantial Federal funds for highway and bridge construction,
the Federal programs assisting public transportation services are limited, and
in many cases are being phased out as the transition period from the era of
regulation is ending.l Solutions in rural areas and small communities will
increasingly have to come from creative and cooperative efforts by the private-
sector carriers and state and local officials. Many states have succeeded in
recent years in pursuing public/private partnerships as a means of preserving

essential services (for example, rail freight service on light density lines).

1The Administration has annually recommended reduced or discontinued funding
for rural transportation programs, along with other reductions in transporta-
tion spending, to help reduce the national deficit. Congress has continued
to authorize transportation funds for the rural area and small communities.
DOT funding for FY87 was nearly $7 billion for roads and bridges, essential
air service guarantees, airport improvements, local rail assistance, public
transportation, technical assistance and highway safety programs. About $6
billion of the total funding was for highways and bridges. The tranmnsportation

funding levels in FY88 are about the same, with increased funding for rural
technical assistance programs.



Possible Sources of Initiatives for Action

The initiative for these partnerships may originate in the public sector,
the private sector, or both. On the public side, state or local governments
represent the most likely source of concern for maintaining or improving ser-
vices, though other governmental bodies such as regional councils, transporta-
tion districts, port authorities, and economic development groups may also
take the initiative.

Private sector actors may include the intercity carriers themselves, ship-
per groups or associations, or other business groups. Shipper groups, which
stand to gain much from continued service, can be the most critical component
for insuring the success of new or replacement services, as they control, to
a large extent, the demand for service. Often the initial action in the deve-
lopment of Jjoint efforts 1is taken by the private carrier, when they seek to
discontinue or change services or to increase rates in response to changed
economic and regulatory conditions.

Occasionally the initiative comes from citizen groups, such as shippers
affected by a change in services, business development groups, commuter groups
or Chambers of Commerce. Even if these groups may not instigate actions that
lead to transportation improvements, they can often be quite helpful in the
development and promotion of workable options, and should be included in the

processes that are used to develop and implement solutions.

Benefits of Partnerships

The benefits of private-public partnerships to maintain or improve inter-
city services can be many. The private carriers who have been providing trans-
portation often have considerable expertise in the effective operation of the
service. The efficiency and productivity typical of private sector transporta-
tion operations can be brought into partnership with the public goals of main-
taining services. Enhanced competition resulting from deregulation may be
brought to bear on behalf of the public by competitive bidding.

The public sector brings a number of beneficial roles to a joint transpor-
tation effort. It must identify the actual needs that should be met if the
public interest 1is to be served. The public sector can provide technical

assistance to carriers to identify markets and develop feasible transportation



solutions. Finally, the most important role of the public sector may
providing appropriate assistance to the private provider to emable publi
to be met in the most efficient way.

Public officials must be aware of the problems facing the private carriers
in the new economic environment of regulatory reform. They must work with and
encourage private carriers to provide the needed passenger and freight services
where they are likely to be profitable. In cases where not all the costa of
gervices will be met -by the revenues but services are needed, officials may
need to provide incentives or assistance. These will not necessarily always
be financial. In some cases, state and local officials will have to encourage
local acceptance of unavoidable changes, rather than attempting to provide
gervices that are not viable in their own right or justifiable in terms of the
benefits received for the costs of subsidy.

The role of the state is particularly crucial to the intercity transporta-
tion modes, a fact that has long been recognized by the Federal-state partner-
ship in the highway program. Most intercity services, of whatever mode, cross
several county and city boundaries, creating the need to develop coordinated
strategies at a higher level than the strictly local arena. The transportation
modes discussed here have been regulated at the state and Federal levels, with

local involvement affecting terminals, local routes, and speed restrictions.
KEY POINTS ABOUT PLANNING FOR PRIVATE INTERCITY MODES

Planning for intercity modes with regard to the services they provide to
rural areas and small cities differs somewhat from planning undertaken in a
completely public sector area. One major differemce is that the planner's
area of concern is usually focused on the marginal pieces of a larger network
whose economic viability depends on market forces. While it is very important
for the planner and other officials to understand the workings of the market
and the industry, the focus of possible actions is rarely the entire network,
as it might be for an urban transit system. For this reason, system modelling
efforts may not be as useful in this context, because the Federal, state and
local governments have little or no control over much of the intercity trans-
portation system, as they once did under a tighter regulatory regime.

Identifying an "essential" or "official"” state network of bus, rail or air

services that should be provided may be seen as analagous to planning a state



highway system, and may also be a useful policy-making tool. However, if the
state or local government does not have either the regulatory tools to require
private carriers to provide service on that network, or the funding programs
to pay for maintenance or operation on the unprofitable portions of the network,
such an exercise may be of limited value.

In the past, Federal and state regulators had the intention of using
entry, exit, and rate-making controls to generate cross-subsidies from profit-
able té unprofitable routes. Even then, route or network level analysis was
rarely performed except for major rate cases or abandonment petitions. Rates
were generally adjusted system-wide, so that an adequate rate of return was
provided for the firm as a whole. Losses on an individual route or service
did not matter as long as the firm had adequate profits. Under the current
regulatory environment, profits are no longer guaranteed, making unprofitable
routes now significant to private firms. While services may be abandoned on
many routes where revenues are not great enough to generate profits, state and
local planners may consider some of these unprofitable routes to be essential
and therefore will provide planning efforts to maintain the services.

Regulatory procedures remain in place for some modes, and for some kinds
of actions by the firm. These can be at the state and Federal levels, and
are primarily restricted to truck, bus and rail actions. Examples include
state requirements for filing intercity bus rate changes or route changes and
ICC procedures for rail rates and abandoning lines. To the planner, such

procedures can provide:
e a means of problem identification,
e a means of collecting data on the particular problem at hand,

® a schedule -- often very tight -- within which analyses must be made
and plans developed to the point of implementation, and

e a set of procedures that will affect the eventual outcome, based on

their usage by the carrier, the regulatory body, and other public
officials.

An ideal scenario is one in which the planner is able to utilize regulatory
proceedings to identify the problem, gather data on costs and demand, provide
public involvement, and allow time to resolve funding issues. Unfortunately,

the regulatory process and the planning activities are often unable to function



together in this way. Regulatory agencies (particularly those staffs che
with defending the public interest) often try to maintain services througu
adversary actions. Planners, in the meantime, may be seeking carrier coopera-
tion -- to provide data, submit bids, and maintain service while funding is
sought. Skillfully coordinated, these roles can be complementary, but the
planner must be aware of possible pitfalls resulting when the two public roles
contradict one another’

Another concern that must be borne in mind by public officials dealing
with rural intercity service provided by private carriers is that some tradi-
tional planning approaches may result in effects that are the opposite of that
which is intended -- causing service withdrawal or reduction instead of main-
taining or improving it. For example, a study which reveals in a very public
way that large portions of a rail or bus network are inherently unprofitable
may have the effect of forcing carrier management to take actions to discontinue
service, or of deterring investors who may have been planning to provide needed
capital.

Similarly, designating routes or services as worthy of subsidy, or as
subsidy candidates, in advance of carriers declaring the need for assistance,
may result in needless subsidy payments. Once a firm is aware that the state
or local government is willing to subsidize a particular route or service, it
may well decide that it would do better to ask for the subsidies (by threaten-
ing abandonment). One strategy that can be used to counter this tendency is
to require that any such routes or services subsidized by the public be put
out to competitive bid, thus ensuring that the current operator face the
risk that another carrier would get the subsidy. Availability of capital
subsidies can also distort a firm's investment decisions, leading to deferred
maintenance or use of older equipment in order to qualify for the public capi-
tal funding.

In order to avoid service disruptions, a fine balance must be struck
between the premature offer of assistance and the tardy response, which
comes after a carrier has been forced to discontinue service (or go out of
business). Once stopped, services may be extremely difficult to restart, as
users lose faith in the reliability of service and begin to make alternative
arrangements for transportation (or even relocate). Commitments to alterna-
tives then prevent users from returning to the bus, rail or air service original-

ly used, if and when services are restarted.
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As a result, it may be appropriate for the public official or planner to
understand the general nature of the problems facing the industry, develop
procedures to analyze and deal with individual situations in a timely manner,
and then be able to respond quickly when a carrier indicates that it is no

longer able to provide services without assistance of some sort.

A Model Planning Process for Rural Intercity Modes

Bearing in mind the issues described above, a good example of a planning
process for rural intercity modes is that originally developed for railroad
branch line analysis by the Federal Railroad Administration (FRA). It involves

an on-going process to:
e inventory services and conditions in the industry serving the state,

e 1identify potential problem areas,

e collect data on the costs of needed capital investment or operating
assistance,

® examine current revenues, demand, and potential revenues, and

e provide a formal methodology to evaluate the costs and benefits
of potential public projects, in order to use scarce public resources
for the most worthwhile projects.

While this planning process is used as a basis for the development of an
overall planning process (see Chapter 2), many of the detailed methods used in
the process developed by FRA and the states for rail planning cannot be direct-
ly implemented for the other modes. Abandonment of rail branchlines involves
a prescribed schedule of regulatory steps, some of which are designed to produce
disclosure of the data that would be needed for project analysis. Other modes,
with little remaining Federal regulation, or pre-emption of state regulation,
require different techniques to produce the needed data.

The methods of accomplishing many of the steps in the overall process
vary considerably with the mode being analyzed, the remaining regulatory and
reporting framework, and the availability of data. The remainder of this
guidebook presents some procedures from the literature that can be used to

address the analysis of service costs, estimate potential dewand, and examine



costs and benefits of intercity service projects in rural and small urt
areas. Where available, the outcomes of their use are also noted. In eve
case, the users of these techniques should be aware that they are part of a
larger process that requires considerable additional information and Judgement
to provide a complete context within which to interpret the results of applying

these techniques.

USING THIS MANUAL FOR PLANNING INTERCITY SERVICES

The existence of highly structured Federal assistance programs to build
highways or urban public transportation systems has provided both defined
planning processes and techniques that can be applied to answer the critical
questions posed by transportation needs for these modes. Intercity services
in rural areas are seldom planned in such a prescribed way.

The intercity services of concern in this manual have historically been
provided by private carriers and regulated at the Federal, state or local levels.
The public involvement in the past has been almost completely regulatory in
nature. Public planning, in the sense that it has been used in planning high-
ways, the airway system, or urban public transit services, has not been applied.
Nevertheless, the possibility of public activities in cooperation with the
private sector requires the ability to know when such assistance is required,
and whether the public benefits require something other than completely market-
based solutions.

This handbook is intended to introduce a process for public sector planning
of these private intercity modes 1in rural areas. It also presents several
methodologies that can be applied to provide some partial answers to basic
questions regarding the cost and demand for services, and whether or not the
potential public costs will return enough benefits to make the project worth-
while.

This chapter has presented a number of the considerations which must be
borne in mind when planning for private-sector involvement in rural intercity
transportation. The second chapter presents an overview of the planning pro-
cess. Chapter 3 discusses the estimation of costs for intercity services.
The fourth chapter presents methods of estimating demand. Chapter 5 is a
presentation of cost-benefit techniques applied to intercity services in

rural areas, and the final chapter discusses ways in which modal alternatives

can be evaluated.
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A PLANNING PROCESS FOR RURAL INTERCITY MODES

This chapter presents a process that state or local planners and other
officials can use when dealing with rural intercity services, and provides a
framework for utilizing the techniques presented in the following chapters.
Together, the process and the techniques are intended to aid in the analysis
and evaluation of intercity bus, rail freight, regional air, and rail passenger
services.

An overall framework, or planning process, is important because it may
aid in the identification of potential service problems or opportunities before
a crisis occurs, giving planners and elected officials time +to gather the
needed data, to evaluate what the public interest in particular services might
be, and to decide on the appropriate actions. Because these modes are in the
private sector and are essentially unsubsidized, decisions by the operators
are based on market factors and may occur quickly, leaving little time for
public response. A planning process can at least ensure that planners and
other officials are aware of the issues affecting the industry, the services
provided, their importance, and potential alternative responses.

The process can be thought of as discrete stages of information gathering,
analysis, and decision-making, each with a number of different techniques used
to accomplish the task. Differences in the regulatory controls, reporting,
and funding possibilities for each mode in each locale require the use of dif-

ferent methods within each of the stages, though in general the process will

~11-



follow many of the same steps regardless of mode. Ideally, the process should
begin before a crisis such as an abandonment filing or request for public
support for a new service creates pressures for immediate decisions. EBarly
detection of potential problems in the provision of desirable services may
even aid in permitting coordinated efforts among users, public bodies, and the
carrier to avert a crisis later on.

Figure 2-1 presents a basic description of the steps in a generalized
planning process for the intercity modes. It consists of nine steps occurring

in four stages, which are

e identification of problems and opportunities,
e assessing the public interest,
e project analysis, and

e analysis of costs and benefits.

IDENTIFICATION OF PROBLEMS AND OPPORTUNITIES

In this stage, the planners or other officials examine the role of the
intercity transportation services in their areas of jurisdiction to gain an
understanding of the public interest in them, and to become aware of possible
future opportunities or problem areas. The first step is an inventory of the
industry providing the service, including its organization, services, plans,

and current issues.

Industry Analysis

Planners and other state or local officials should first inventory the
services provided in their jurisdiction by the modes under review, including
the routes, schedules, terminals, characteristics of the vehicles (age, size
or capacity), fares or rates, and organization of the industry.

Much of this data was formerly available through reports filed with
regulatory agencies at the state and Federal level. Service characteristics
are generally available from service guides, or from the carriers. Information
about the firms may be available from regulatory reports or the firms them-
selves. In general, this stage of the process should involve contacts with
firm's management, perhaps as part of the data collection process, or as members

of an advisory committee to the program or study team engaged in the process.
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ory process is the identification o

affecting the industry which could affect the future availability of

such as declining usage (perhaps in particular areas, or among particular __..___,,
cost increases, regulatory difficulties, competitive pressures, or combinations
of these factors. Carrier plans for future growth, new services, or possible
changes in product mix (such as a shift from regular-route to airport bus
service) should also be identified. This context within which the transportation
industry operates 1is important, as factors affecting the industry generally

may be translated into specific problems at the local level.

Market Analysis

This step in the problem identification stage is directed at the users o
the transportation services and at those who are indirectly affected by possibl
service changes. In this case, the process would be directed at determining wh
the customers are now, what are their characteristics, what changes would the
like, and what are their alternatives.

Depending on the mode, the time available, and the issues, this step coul
involve surveys of intercity bus, regional air, intercity rail, or ferry passen
gers. It could also involve surveys of shippers using rail freight service, o
even potential shippers located along rail routes. In some places, market re
search techniques have been used to contact non-users and ask why the servic
does not meet their needs.

This step can be limited to examining the size and characteristics of th
aggregate market and looking at recent trends, or it can go as far as using de
mand models to predict the aggregate demand in the future under differen
scenarios of fuel prices, economic activity, and other influences. The mai

purpose is to understand the need and demand for the transportation service

in a general sense.

Identification of Specific Problems and Opportunities

Combining the results of the first two steps should provide an indication
of specific problem areas or places in which coordinated action could result
in additional or improved services. Ideally, this is the point at which early
warning signs become apparent, such as reductions in usage to levels that are

not economically viable to the carrier, or declining service quality.
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For each mode the early warning signs may be different, and the measures
of problems are therefore unique to each. For branchlines it may be a decline
in the number of carloads per track-mile or unavailability of cars (as described
in the example below). For intercity buses, it may be reductions in frequency
to once a day, or on demand only. For regional air service, it may be frequent
turnover in carriers serving a particular airport or a decline in enplanements.
Often the carriers, if invited to participate in the process, can be quite

helpful in identifying the problems.

AN EXAMPLE OF EARLY WARNING SIGNALS CONCERNING
POTENTIAL PROBLEMS WITH INTERCITY TRANSPORTATION SERVICES:
RAIL FREIGHT SERVICES

One procedure for determining whether or not a rail branch line is being
operated profitably is to take the annual number of carloads of traffic which
originate or terminate on a given branch line (or a terminal segment of a
branch line) and divide this number by the length of the line in miles. If
the result is substantially above T0 carloads annually per mile, the line is
probably profitable. If the result is substantially below 7O carloads annually
per mile, the operation of the line by a major railroad is likely to be unpro-
fitable (though operation by a smaller "short-line" railroad may be profitable).

It should be noted that this '"TO-carloads annually per mile" rule is only
a rough indicator of profitability. Other factors affecting profitability are:
the type of service required on the line (it is less costly to pick up 25 cars
once from a grain elevator than to pick up or deliver the same number of cars,
two or three at a time, several times a week); the profitability of the traffic
generated by the line; and the degree to which service to the line can be
meshed with other rail operations. Furthermore, the TO-carload rule applies
only to major railroads. It has been suggested that short-line railroads have
a good chance of succeeding if their lines generate at least 4O-carloads annual-
ly per mile and they can hold down costs, and they have a very good chance of
succeeding if their lines generate at least 60 carloads annually per mile;
below the 40 carloads per mile level, the chances of success for a short-line
railroad become more tenuous, and below 20 these chances are probably nil.

Other early warning signs of note include track deterioration, poor ser-
vice, or failure to supply shippers with an adequate number of cars.t

lFor further details see two publications of the North Carolina Department of
Transportation's Transportation Planning Division: How To Deal With Railroad
Abandonment, second edition, 1983, and Preserving Local Rail Service, 1985.
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1 alternative means of identifying problems is to rely «
pm———— 3. Carriers may file to discontinue service, change f1
rates, or offer new services. Because of the history of reguiavuiy couviua,
in many places such filings remain the initial means of defining problems, or
of public awareness of changes in an industry. Railroads and intercity bus
lines continue to have to file many such changes, first with gtate agencies
and then with the ICC. Air service, seldom regulated at the state level, is
now subject to few Federal regulations, so the carriers themselves are the best
sources of information.

A major problem with relying on the regulatory process as the only means
of problem identification is that this strategy does not begin to operate
until a problem has become a crisis, and then many of the actors are already
operating in adversarial roles, often under tight deadlines. Also, if there
are actions that states or local areas could be performing to support or at-

tract new services, such opportunities are unlikely to be identified in regula-

tory filings. It does, however, provide a major means of data collection.
ASSESSING THE PUBLIC INTEREST: FORMULATION OF GOALS AND POLICY OPTIONS

The second stage is really the determination of the possible policy
options available and the goals that each is intended to support. Unlike
a classical planning process that begins with goal formulation, we have
included such activities after information is available on +the industry,
its role, the usage of the services, and the problems or opportunities it
presents. Goal formulation should precede the development of programs for

funding or supporting services, in order that scarce resources not be wasted

on projects not in the overall public interest.

PROJECT ANALYSIS

Once problems and opportunities have been identified, and the public goals
and objectives for rural intercity service determined on a general level, the
process turns to the analysis of the specific project. The first step in this
stage includes the determination of the nature of the needed assistance. It is
possible that awareness of a potential problem can lead directly to actions by

users and others to prevent a later crisis, such as increasing usage of the
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service, increasing public awareness, or providing public terminal facilities.
This may avert the need for further analysis or the development of projects.

However, if such actions do not appear to be sufficient, at this point
the steps include design of project alternatives, developing cost estimates,

estimating usage and revenues, and then determining whether additional funding

would be required for the services.

Design of Alternatives

Planners may have already determined from the problem analysis what some
of the likely alternatives may be. They can range from marketing and technical
assistance, to limited assistance in funding particular capital inputs (such as
low-cost bus loans, rehabilitating terminals, etc.), to capital investments in
facilities. Operating assistance can include limited types such as provision
of help on insurance costs or driver layover facilities, relief from taxes or

user fees, or purchase of service under contracts.

Cost Estimation

Cost estimation depends on the alternatives selected. If the alternatives
are restricted to capital projects, engineering cost estimates of the required
actions should be obtained, either from the carrier or from independent sources.
For operating projects, actual operating costs should be obtained for the most
recent operator. These should be compared to estimated costs using industry
unit costs as a means of evaluating whether or not the problem is carrier
efficiency. In many transportation industries, new carriers with lower operat-
ing costs are able to operate marginal services successfully and, if possible,
low-cost operator unit costs should also be applied. Operating costs should
also be evaluated for capital projects, as capital investment may change the
operating costs (indeed, this could be a major benefit of such investments).
Chapter 3 of this report presents three methods for estimating the operating

costs for rail branch line service, intercity bus service, and regional airline

service.
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Estimation of Demand and Revenues

The feasibility of the service depends on the relationship between revenues
and demand. Demand is the actual usage of the service, given its fares or
rates and its operating characteriatics. In general, decision-makers should use
actual usage data as the beginning of the analysis, comparing usage to esti-
mated demand based on the behavior of users of similar services elsewhere.
This can be done by using simple models calibrated on other services to predict
demand and comparing the predictions to the actual figures. Simple demand
estimation techniques for intercity bus and regional airline service are pre-
sented in Chapter 4 of this report. For rail branch line service, the number
of potential users is generally very small, and they should be contacted di-
rectly. Revenues can be estimated by taking the demand estimates and multiply-
ing them by average fares or, if average trip lengths are known, the rate per

passenger-mile or per ton-mile can be used to compute revenue.

Analysis of Service Feasibility

In this step, the costs of alternatives are compared to the expected re-
venues to determine the feasibility of the service. It may well be that im-
proved carrier operating efficiencies (perhaps from a new, lower-cost carrier)
can lower costs sufficiently so that the service is feasible without further
assistance. However, if it appears that public assistance for operating costs
or for capital investments is required, the benefits to the public from this
expenditure must be compared to the costs, and a determination made as to

whether or not public support is Jjustified.
ANALYSIS OF COSTS AND BENEFITS

At this stage, the costs and benefits of alternative levels of public
involvement in the project or service are compared. In the basic methodologi-
cal sense, a calculation of the costs and benefits is made, based on the data
developed in the earlier steps of the process. Chapter 5 of this report pre-
sents an overview of cost-benefit analysis methods, as well as examples of
public assistance applied to capital investments and to operating assistance

for rail branch line improvements and rural intercity bus services.
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The process of determining costs and benefits can include many more factors.
Policies on regional equity, redistribution, and assisting special need groups
can and should also be included in this process.

Public resources are generally scarce, but are even more scarce for assist-
ing rural intercity modes. Care must be taken that public resources invested
in projects or programs (if any) be likely to return the maximum amount of
public good, and this stage in the process is intended to provide planners and
public officials with an understanding of the tools required to perform this
task.

SUMMARY

The process presented here is very general. Transportation planners will
need to do additional work to fill in the specific steps for any mode or any
particular situation. This handbook is intended to provide a beginning, and
to present several specific techniques for accomplishing steps in the process.

The remainder of the volume is dedicated to the specific methods mentioned above.
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ESTIMATING COSTS OF INTERCITY SERVICES

This chapter presents techniques for estimating costs as part of the
planning process for intercity modes in rural areas. The tools presented are
straightforward, basic formulas for estimating the operating costs of intercity
bus service, branchline rail freight service, and short-haul airline service.
The presentations here are brief but they include the essentials along with
examples from actual situations. The techniques rely on data from published
sources describing existing routes or services for each of the modes. In each
case, those persons analyzing costs for a particular service should make every
effort to find out the costs incurred by the current or most recent operator.
Such information can then be updated or adjusted to reflect cost increases or

changes in the planned operation.

INTERCITY BUS COST ESTIMATION PROCEDURES!

This technique provides the user with a procedure for estimating the cost

of operating a new intercity bus route or revising service on an existing route.

1This cost estimation procedure was originally prepared by Ecosometrics, In-
corporated under subcontract to Peat, Marwick, Mitchell & Co. for inclusion in
Intercity Bus Service Planning -- Final Report, prepared for the National Co-
operative Highway Research Program, National Research Council, March 1983.
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The technique relies on unit cost data from existing routes, special sur
from published references to similar systems. Data generated by special eff:
are usually most accurate but most expensive, 1if such data are not available,
or if time or money are constraints, unit cost estimates should be substituted
where appropriate. Unit costs will vary by class of carrier and must be peri~
odically updated for inflation using appropriate factors for each cost category.

The procedure for estimating costs of a specific intercity bus route con-
sists of four steps which are shown on the worksheet in Table 3-1. The fou-
steps are to estimate service characteristics, to estimate operating costs, t
estimate approximate capital costs, and to estimate total annual costs. Infor
mation identifying the corridor, service option, region, and type of carrie
should be recorded on the top of each worksheet. Each step can be complete
using the guidelines described in the following paragraphs.

Step 1: Estimate Service Characteristics

Three service characteristics are required in this costing procedures
annual bus miles, annual paid driver hours, and number of buses required fo

the route.

Annual Bus Miles

Annual bus miles is estimated in Step 1.A of Table 3-1. It consists c¢
the sum of annual operating miles and annual deadhead miles. Annual operatin
bus miles can be estimated by multiplying the one-way mileage times the weekl
one-way frequency. An estimte of weekly deadhead mileage for a route als

should be estimated and entered in the appropriate box of Step 1l.A.

Annual Paid Driver Hours

The total number of paid driver hours is calculated in Step 1.B. Annual

driver hours include:
e Revenue driver hours (i.e., hours driving a bus in scheduled service)

e Layover hours between scheduled runs (including "clerical" hours each
day to stage buses, complete paperwork, etc.)

o Deadhead hours involved in driving a bus empty to a starting point or
terminal
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Table 3-1: COST ANALYSIS WORK SHEET -- INTERCITY BUS SERVICE

Corridor: Service Option:
Region: Carrier Class:

STEP 1: ESTIMATE SERVICE CHARACTERISTICS
A. Annual Bus Miles (BMT)
Operating Miles Deadhead Miles

One-Way Mileage b Weekly Deadhead Mileage
Weekly One Way Frequency

Total Annual Miles (BMT) (Operating Miles + Deadhead Miles) x 52

= +

) x 52 =
B. Annual Paid Driver Hours (ADH)
Revenue Hours Non-Revenue Hours
Weekly Revenue Driver Hrs Weekly Layover Hours +
Weekly Deadhead Hours +
Weekly '"Dead" Hours +
Weekly Other Hours +

Total Annual Paid Driver Hours (ADH) = (Revenue + Non-Revenue) x 52

+ ) X 52 =
STEP 2: ESTIMATE OPERATING COSTS
Unit Cost Inflation Index Annual BMT
Cost (from Table 3-2 x (From Table 3-4) x (From Step = Annual Cost
Element or 3-3) 1.A)
(a) (B) (c)

Maintenance /BMT (Maintenance Index)
Fuel /BMT (Fuel Index)
Driver /BMT (Drivers Index)
Total Operating Costs = (Maintenance + Fuel + Driver) x (Overhead Rate)

= ( + + ) x ( ) = $
STEP 3: ESTIMATE "FIRST CUT" ANNUAL CAPITAL COSTS
A. Number of Buses (N) C. Length of Lease (Years) (L)
B. Capital Cost per Bus $ (C) D. Prevailing Interest Rate (s)

Determine Approximate Annual Lease Cost =
(From Table 3-5)

STEP 4: ESTIMATE TOTAL ANNUAL COSTS

Total Costs = Operating Costs ( ) + Capital Costs ( ) =%
(From Step 2) (From Step 3)

Source: Peat, Marwick, Mitchell & Co., Intercity Bus Service Planning - Final
Report. Prepared for the National Cooperative Highway Research Program,
Transportation Research Board, National Research Council, March, 1983.
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e If full-time drivers are to be employed, "dead" hours are those
which no service is performed but for which drivers are paid to guar:
tee 40 hours weekly wages. Following Bureau of Motor Carrier Safety
(BMCS) regulations, it should be assumed that each driver is not
employed more than 60 hours per week or more than six consecutive day s
at a time. If the schedule for the particular service requires a driver
for fewer than 40 hours a week (say 35 hours), then the extra hours
(and resulting wages) should be added to the cost of the route. How-
ever, if part-time drivers are used, it is not necessary to include the
cost of these "dead" driver hours.

The sum of the five time components (revenue, layover, deadhead, "dead", and

other hours) equals the total paid driver hours.

Number of Buses Required

The number of buses needed for a specific route over a 2L-hour period is
determined by analyzing the actual or assumed schedules. This information is
needed to estimate the capital cost of a route as well as to estimate annual
paid driver hours.

Any significant deadheading from (or to) the garage to (or from) the first
departure point should be included in this determination. The analyst should
ascertain whether back-up vehicles for the proposed route would already be
available in a potential operator's existing fleet. If not, the cost of the
necessary back-up vehicles should be included as capital expense for the pro-

posed route or improvement.

Step 2: Estimating Operating Costs

Operating costs for either an existing or proposed service are estimated in
Step 2. These costs vary directly with bus activity, and include driver wages,
fuel and o0il expenses, and garage, equipment, and maintenance expenses.

Unit costs for a particular carrier can be calculated based on that car-
rier's submissions to regulatory bodies. However, in cases where carriers do
not operate on designated routes, or where '"order of magnitude" cost estimates
are desired and need to be calculated quickly, a set of cost estimates can be
useful which reflect average or typical values applicable to a relatively

broad range of situations. Such default estimates for operating costs for
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Class I carriersl for 1979 are presented in Table 3-2. Unit operating cost

measures for Class II and some smaller Class 1 operators are presented in
Table 3-3.

Driver Labor Costs

The labor cost for drivers is estimated by taking the number of paid driver
hours required for the proposed service from Step 1l.A and multiplying that
number of hours by the estimated driver hourly rate. (This rate is the paid
rate only, not including fringe benefits. Fringe benefits on all personnel
are included in the overhead rate.) Carrier-specific hourly rates should be

used in this calculation, if available.

Garage, Maintenance and Fuel Expenses

Garage, maintenance and equipment expense per bus mile (GME) and fuel and
0il expense per bus mile (FBM) values may come either from estimates of such
values (Tables 3-2 and 3-3) or from actual carrier costs. These costs are
calculated in Step 2. These unit costs should be increased from 1979 values to
current year estimates with the use of the appropriate inflation factors (i.e.,
motor vehicle and parts products price index for GME and refined petroleum
products estimated for FMB). Inflation factors for fuel and maintenance
(respectively) to adjust costs from 1979 to current levels are described

below. Bus miles travelled (BMT') is estimated in Step 1.

Updating Operating Unit Cost Estimates for Inflation

Unit operating costs are presented for either 1979 (fuel expenses per bus
mile, garage maintenance expense per bus mile) or for 1980 (driver labor rates
per hour). It is important that these unit costs be estimated in current year
prices. Inflation factors for a specific year can be developed for each of
the three categories of unit costs by dividing the particular price index for
that year by the price index for the base year. Table 3-U presents the factors
to inflate costs to particular levels; for prices more current than those

shown, the reader should contact the U.S. Bureau of Labor Statistics.

lFor accounting purposes, carriers are classified by the ICC according to the
revenues they generate. Class I carriers have an average gross operating
revenue in excess of $3 million. Carriers generating revenue of $3 million
or less are classified as non-Class I carriers.

-25-



Table 3-2

1979 CLASS I UNIT COSTS

Equipment and Garage Fuel and

Drivers' Wages

Expenses per 0il Per Per Bus Mile

Bus Mile Bus Mile
National Average® $0.20 $0.12 $0.33
Range 0.13 - 0.29 0.10 - 0.12 0.26 - 0.40
Northeast Average® $0.25 $0.12 $0.36
Range 0.19 - 0.32 0.11 - 0.13 0.32 - 0.k40
Central Average?® $0.18 $0.12 $0.32
Range 0.16 - 0.20 0.10 - 0.13 0.28 - 0.36
Southeast Average® $0.17 $0.11 $0.30
Range 0.11 - 0.25 0.10 - 0.13 0.24 - 0.3k
West Average® $0.17 $0.12 $0.32
Range 0.16 - 0.19 0.10 - 0.13 0.27 - 0.36

&These values were calculated by rejecting the
each category and calculating the average remaining unit values.

highest and lowest values in

Note: There is a wide range in the unit costs for Class 1 carriers. Conse-
quently, comparisons of average unit costs among Class 1 carriers and
with non-Class 1 carriers should be carefully made.

Source: Peat, Marwick, Mitchell & Co., Intercity Bus Service

Report.

Planning - Final

Prepared for the National Cooperative Highway Research Pro-

gram, Transportation Research Board, National Research Council, March,

1983.
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Table 3-3

1979 BUS COST MEASURES
FOR NON-CLASS I AND SMALL CLASS I OPERATIONS

Equipment and Garage Fuel and Drivers' Wages

Expenses per 0il Per Per Bus Mile

Bus Mile Bus Mile
National Average® $0.18 $0.13 $0.27
Range 0.06 - 0.38 0.08 - 0.25 0.1% - 0.Lk
Northeast Average? $0.24 $0.16 $0.34
Range 0.12 - 0.75 0.09 - 0.31 0.23 - 0.73
Central Average? $0.15 $0.12 $0.22
Range 0.06 - 0.29 0.08 - 0.15 0.09 - 0.30
West Average® $0.20 $0.14 $0.26
Range 0.06 - 0.38 0.06 - 0.21 0.14 - O.hb

8These values were calculated by rejecting the highest and lowest values in
each category and calculating the average remaining unit values.

Note: There is a wide range in the unit costs for non-Class 1 and small Class
I carriers. Consequently, comparisons of a verage unit costs among
such carriers and with large Class 1 carriers should be carefully made.

Source: Peat, Marwick, Mitchell & Co., Intercity Bus Service Planning - Final
Report. Prepared for the National Cooperative Highway Research Pro-
gram, Transportation Research Board, National Research Council, March,

1983.
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Table 3-4: PRICE INDICES FOR INFLATION ADJUSTMENTS (1967 = 100)
Operating Cost
Price Index 1979 1980 1981 1982 1983 1984 1985 1986 Factor for

Refined Petroleum L4448 6Th.7 827.7 T761.2 684.3 665.1 633.11 405.3 ¢ Fuel
Products Producer
Price Index
Motor Vehicles 190.5 208.8 237.5 251.3 256.8 261.5 267.3 274 Maintenance
and Equipment
Producer Price
Index
Urban Consumer 217.7 247.0 272.3 289.1 298.4 311.1 322.2 328.4 Drivers
Price Index
Public Trans-
portation Price 200.3 251.6 312.0 346.0 362.6 385.2 402.8 426,14

Index

Source U.S. Department of Labor, Bureau of Labor Statistics, Producer Price Indexes and Monthly Labor Review.



Procedures for Estimating Overhead Costs

The overhead ratio is the ratio of total operating costs to the sum of
drivers' wages, equipment, maintenance, and garage expense, and fuel and oil
expense. A "first cut" overhead ratio of 1.9 is sugxested for Class I carriers.
However, this value appears to be too high for Class II carriers, who may incur
proportionately less station, advertising, and administrative expenses than
larger carriers. A value centering around 1.6 is suggested for Class II carriers.

To calculate total operating costs in Step 2, the three operating expenses
(fuel, maintenance, and driver wages) should be summed and miltiplied by the

appropriate overhead ratio to estimate total annual operating cost.

Step 3: Estimate Capital Costs and Depreciation

In this step, the estimation of capital costs focuses on costs of vehicles
(buses and vans). It should be noted that fixed facilities (depots, garages,
etc.) can also involve capital expenditures, but are not considered here due
to the highly variable nature of such costs.

The capital cost of each bus as calculated in Step 3 assumes that inter-
city buses are leased by operators under a '"closed end" lease. That is, the
market value of the bus at the end of the lease is agreed upon at the beginning
of the lease, so that the lessee (operator) need not compensate the lessor for
any additional decline in the bus market value at the end of the lease. Lease
costs, as computed here, are based on the depreciation of vehicles. If arrange-
ments other than closed-end leasing are to be used, the capital expenses for
those arrangements should be entered here instead.

Annual lease costs to an operator of an $180,000 bus are presented in
Table 3-5, assuming that the lease covers annual depreciation plus interest.
As is evident in the Table, as the length of the lease (and thus amount of
depreciation) increases, and as +the interest rate increases, annual costs
also increase. The lease costs assume that the lessee will pay for the mainte-
nance and garaging of the bus. The lessor is not assumed to pass through to

the lessee any investment tax or business energy tax credit savings.
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Step 4: Estimate Total Annual Costs

The total annual cost of the proposed service is the sum of the total annual
operating cost from Step 2 and the annual capital cost from Step 3. The values
obtained in Table 3-1 in Steps 2 and 3 should be added and then recorded in
Step 4 in the table.

Table 3-5

APPROXIMATE ANNUAL LEASE COSTS OF A FULL-SIZE INTERCITY COACH BUSl

Annual Lease Cost as a Function of
Various Interest Rates

Length of Lease

(years) 9% 12% 15% 18%
3 $23,703 $2k,981 $26,279 $27,595
i 21,609 23,046 24,519 26,023
5 20,567 22,193 23,865 25,582
6 20,063 21,890 23,871 25,732

lassumes a full-sized 46-passenger intercity coach with restroom, total
1987 cost = $180,000.

Source: Calculations by Ecosometrics, Incorporated.

Example of Intercity Bus Cost Estimation

Table 3-6 presents an example of a calculation of route level costs
for 1986 operating cost data from a Class I intercity bus carrier operating
in the Southeast. The carrier is a regional carrier providing some regular-
route service, but mainly charter and tour operations. The firm is unionized.
The service characteristics concern a rural route, with a route length of 103
miles, and one trip per day each way. It is fairly typical of services that
could possibly require assistance. One bus is required to operate the service,

though it would appear that the service could be operated by using a single bus
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Table 3-6: COST ANALYSIS WORK SHEET -- EXAMPLE

Corridor: Sample Service Option: Daily, 1 Trip Fach Way
Region: Southeast Carrier Class: I, Unionized

STEP 1: ESTIMATE SERVICE CHARACTERISTICS

A. Anpual Bus Miles (BMT)

Operating Miles Deadhead Miles
One-Way Mileage X 103 Weekly Deadhead Mileage 28
Weekiy One Way Frequency 1L
= _1,uk2

Total Annual Miles (BMT) = (Operating Miles + Deadhead Miles) x 52
( 1,442 + 28 ) x 52 = 76,4k

B. Annual Paid Driver Hours (ADH)

Revenue Hours Non-Revenue Hours
Weekly Revenue Driver Hrs 42 Weekly Layover Hours + 10.5
Weekly Deadhead Hours + 1
Weekly "Dead" Hours + 2.5
Weekly Other Hours + -
= 1k
Total Annual Paid Driver Hours (ADH) = (Revenue + Non-Revenue) x 52
= (__ k2 + 14 ) x 52 = 2,912
STEP 2: ESTIMATE OPERATING COSTS
Unit Cost Inflation Index Annual BMT
Cost (from Table 3-2 (From Table 3-4) (From Step Annual Cost
Element or 3-3) 1.A)
(a) (B) (c)
Maintenance .25/BMT 274.4/190.5 = 1.4Y4 76,4540 $27,526
Fuel +13/BMT 405.3/4L44.8 = .91 76,440 9,050
Driver .34 /BMT 328.4/217.7 = 1.51 76,440 39,244

Total Operating Costs = (Maintenance + Fuel + Driver) x (Overhead Rate)
= ($271,526 + 9,050 + 39,2u4) x (1.9 ) =$ $144,059

STEP 3: ESTIMATE "FIRST CUT" ANNUAL CAPITAL COSTS

A. Number of Buses 1 (N) C. Length of Lease (Years) 6 (L)
B. Capital Cost per Bus $ 180,000  (C) D. Prevailing Interest Rate _ 9%  (S)

Determine Approximate Annual Lease Cost = $20,063
(From Table 3-5)

STEP L4: ESTIMATE TOTAL ANNUAL COSTS

Total Costs = Operating Costs ($144,059) + Capital Cost ($20,063 ) = $164,122
(From Step 2) (From Step 3) = $2.15/Bus
Mile

Source: Example prepared by Ecosometrics, Incorporated for Peat, Marwick,
Mitchell & Co., Intercity Bus Service Planning - Final Report. Pre-
pared for the National Cooperative Highway Research Program, Transpor-
tation Research Board, National Research Council, March, 1983.
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for only about eight hours per day. However, because the route is operated
ing the day, it is not possible to count on having alternative uses foi
bus during the evening and night, and the entire cost of one bus must be attri-
buted to the route. As can be seen on the example worksheet, the estimated
cost per bus mile for this route is $2.15. For a 47-seat intercity bus, this

works out to $0.046 per available seat-mile (ASM).

REGIONAL AIRLINE COST ESTIMATION TECHNIQUES

A cost estimating model for regional airline services has been developed
by Clint Oster and Andrew McKeyl. Primarily developed as a tool for economic
analysis, it could also be used for planning purposes if actual cost information
is not available, or is suspect for some reason. In structure it is similar to
the bus cost model, but includes many more cost components. In part this is
because of the great variety of stage lengths, aircraft size and crew composi-
tion, service levels, and overhead costs among short-haul airlines.

Oster and McKey divide the costs of providing air service into three
categories: 1) capacity costs, 2) traffic-related costs, and 3) overhead costs.
Capacity costs are those related to ownership of the aircraft, flying, and
maintenance. Major categories include the labor costs of the flight crew,
fuel, maintenance, o0il, landing fees, and equipment costs. The latter category
includes depreciation or rental and leasing fees, and insurance on the plane.

In this analysis, representative short-haul aircraft types were used, and
operating cost data for those planes taken from the FAA approved manufacturer's
manuals. These included the block fuel and time costs for markets of 50, 100,
150, 225, 300, and 500 miles. Labor cost inputs assumed in the development of
the model used entry level wages, varying by aircraft type, with pilot salaries
ranging from $15 per hour for the Piper Chieftain to $40 per hour for jets.
Fuel costs of $1.08 per gallon were used. Block hour salaries of first officers
varied from $10 to $20, and all flight attendants were paid $6 per hour.

Using both block fuel and time to assign the correct values to each cate-
gory, the formula for calculating the costs for a given aircraft on a particular

segment can be stated as follows:

TOTSC = FUEL + CREW + MO + MAINT + EQUIP + LANDF,

lclinton V. Oster, Jr., and Andrew McKey, "The Cost Structure of Short-Haul Air
Service", Chapter 4 in John R. Meyer and Clinton V. Oster, Jr. Deregulation
and the New Airline Entrepreneurs, Cambridge: The MIT Press, 1984 pp. 52-86.
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where:

TOTSC = total segment costs,
FUEL = fuel costs,
CREW = flight crew costs,
MO = miscellaneous flying expense and oil costs,
MAINT = maintenance cost,
EQUIP = cost of owning and insuring aircraft,
LANDF = 1landing fee,

Total costs for a given mrket (TOTMC) are the product of the frequency of
flights and the cost per segment:

TOTMC = FREQ x TOTSC.

Frequency is a function of policy (in the case of Essential Air Service cities),

demand, load factor, and seating capacity of the plane.
Each of the components listed in the above formula is in turn calculated

from other factors. The formulas for each of these components are presented

below:
FUEL = FUELp x FUELy,

where:

FUELP = price of fuel per pound, and

FUEL, = block fuel consumption (pounds).

CREW = T, x (1 + EBR) x [PILOT, + COPILOT, + (FA, x FAy)],

where:

Ty = block time,

EBR = employee benefits and payroll taxes = 0.3

PILOT, = pilot salary per hour (range from $15 to $40 per hour),

COPILOT, = copilot salary per hour (range from $10 to $20 per hour),

FAL = number of flight attendants,

FA, = flight attendant wage per hour ($6.00 per hour).
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MAINT = CYCLE + (Ty - Tg) x FLTHR

where:
CYCLE = maintenance cost per cycle,
FLTHR = maintenance cost per flight hour,
(Ty, - Tg) = flight time
Tg = taxi or ground time.
EQUIP = (T, + T¢) x [(AO + HI)/PH] AO = PRICE x [(1-RV) x CRF)],
HI = (RATE x PRICE),
where:
Ty = Dblock time
Ty = turnaround time = 15 minutes
AO = annual aircraft ownership cost
HI = annual hull insurance cost
PH = annual peak hours = 2,080
PRICE = aircraft purchase price
RV = residual value = 0.15(PRICE)
CRF = capital recovery factor = 0.05 (constant)
RATE = annual hull insurance rate.
MO = Ty x MOEXP
where:
MOEXP = combined miscellaneous and oil expense per block hour.
LANDF = FEE x LANDWT
where:
FEE = landing fee per 1,000 pounds landing weight = 0.30(constant)

LANDWT = aircraft landing weight.
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Where possible, values have been provided for many of the factors included
in the formulas. Other sources, in addition to the carriers that are likely to
be providing the services in question, include commter airline journals, such

as Business and Commercial Aviation, which provides an annual aircraft perfor-

mance chart in its April issue. This guide to currently available aircraft
includes calculation of fuel consumption, speed (time), trips possible, seat-
miles per hour and per pound of fuel for three different stage length missions
(75, 150, and 275 miles). It is reprinted in the Annual Report of the Regional
Airline Association. However, it does not provide cost values for crew wages,
the price of fuel, etc., which must be supplied by the analyst.

Using the values for 1982 cost inputs developed by Oster and McKey, Figure
3-1 presents a graph which could be used to approximate the cost of operating
a given aircraft type over a particular stage/route length. Table 3-T7 provides
some information on several typical aircraft used for short-haul air service.
As an example, for the same route length and frequency used in the intercity
bus cost example, the annual operating cost of a 50-seat DeHavilland Dash T
(compared to a 47-seat bus) over a 100 mile trip 14 times per week would be
about $400,000 per year, as compared to $16L4,000 for the bus. Such a compari-
son is not very realistic, however, as the higher speeds of the aircraft would
permit it to make many more trips in a day. Thus a smaller plane could be
used to provide higher frequencies which may result in increased demand.
Figure 3-2 presents the cost per available seat-mile (ASM) for a number of
common short-haul aircraft types. As 1indicated, these dollar values are
based on 1982 costs, and any use of these graphs to estimate costs should make

adjustments to account for inflation since that time.
ESTIMATING COSTS OF RAILROAD BRANCHLINE OPERATIONS

Like short-haul airlines and intercity bus services, methods have been
devised to enable planners to estimate the cost of rail operations on short-

lines. The state of Wisconsin, in its 1983 update of the state rail pla.n1 has

1The Wisconsin State Rail Plan. Submitted to the Federal Road Administration,
U.S. Department of Transportation. Wisconsin Department of Transportation,

1983 Update.
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TYPICAL SHORT-HAUL AIRCRAFT CHARACTERISTICS

Table 3-T7

Aircraft

Type

Seating Capacity

DC-9-80 (MD-80)
DC-9-30

DeHavilland Dash T
Shorts 330-200
Fairchild Metro IIA

Piper Chieftain

Low-Wing, 2-Engine Turbojet
Low-Wing, 2-Engine Turbojet
High-Wing, 4 Turboprop Engines
High-Wing, 2 Turboprop Engines
Low-Wing, 2 Turboprop Engines

Low-Wing, 2 Piston Engines

155
115
50
30
19

8 or 9
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included a usable methodology, based on United States Railroad Association
(USRA) methods,l which forms the basis of the section included here.

As in the case of the other modes, the planner is advised to obtain
unit cost data for the particular service or operator under study, if at all
possible. Industry unit costs can be used if there is no current service, or
if no data 1s available. However, the continuing role of the ICC in railroad
regulation provides a data source for carrier unit costs, which can be derived
from the R-1 Rail Carrier Annual Report to the ICC. This report is the annual
report of financial and operating statistics that each rail carrier is required
to submit to the ICC. The ICC can supply paper or microfiche copies of these
reports. State regulatory agencies may also require carriers to file the R-1,
or state reports. In addition, regulatory abandonment proceedings can also
require a carrier to disclose fairly specific data regarding the costs of
operating a particular line.

The Wisconsin/USRA methodology divides costs into three categories. One
is on-branch costs -- those incurred in operating rail freight service on the
particular branch line. The second major grouping is off-branch costs, which
are the costs of hauling the freight on other lines, off the branch. The third
category is the return on investment. A summary of these cost formulas is pre-

sented in Table 3-8. Each of these cost categories will be discussed in turn.

On-Branch Costs

On-branch costs are divided into seven categories that are conceptually
similar to those in the intercity bus and short-haul airline models. The first
cost category is that of crew costs.

Basically, crew costs are a function of the total number of hours 1in
service on the line, the number of persons in the crew, their base and overtime
pay rates, constructive allowance, and fringes such as health and welfare
benefits and payroll related taxes. A crew cost per hour can be constructed
for each railroad company by using crew costs reported in the R-l carrier annual
report to the ICC, dividing total crew costs for a particular type of employee

by the total hours of service to give an average cost per hour. The costs

lUnited States Railway Association. Viability of Light-Density Rail Lines --
The United States Railway Association's Analytic Policies and Procedures, Wash-
ington, March, 1976.
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Table 3-8

SUMMARY OF COST FORMULAS

number of hours on-branch per trip x number of
trips per year x average per-hour crew cost

number of hours on-branch per trip x number of
trips per year x locomotive cost per hour x
number of locomotives

number of carloads x average days on line per
car X cost per car-day

number of carloads per year x cost per car-mile
X average on-branch haul (mile) x 2 (round trip)

number of round trips per year x number of hours
per trip + 8 hours per caboose-day x cost per
caboose-day

number of round trips per year x length of line
(mile) x cost per caboose-mile

length of line (mile) x average yearly mainte-
nance cost per mile

(land value + value of ties + value of reusable
rail + value of scrap iron - cost of recovery) x
rate of return

[number of carloads x (average length of off-
branch haul x unit car-mile cost + number of
tons x average length of off-branch haul) x
unit ton-mile cost]

[ (number of carloads x unit carload cost) +
(number of tons x unit ton cost)) x .19

(line haul cost X
+ terminal cost)

on system revenue
total haul revenue

(revenue) - [(on-branch cost) + (return on
investment) + (off-branch cost)]

l. On-branch costs
a. crew costs
b. locomotive cost
c. car-day cost
d. car-mile cost
e. caboose-day cost
f. caboose-mile cost
g. maintenance cost
2. Return on Investment
return on net salvage
value
3. Off-branch costs
a. line haul cost
b. terminal cost
c. on-system off-
branch costs
Net contribution =
net profit (deficit)
of operations
Source:

The Wisconsin State Rail Plan.

Submitted to the Federal Railroad

Administration, U.S. Department of Transportation, 1983 Update.
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for each employee-type needed for a crew are then aggregated to give the cost
per hour for two, three, four and five-person crews, for each railroad.
Table 3-9 presents some crew costs per hour for different size crews in
Wisconsin, as computed by the State Department of Transportation in 1981.
Obviously, these figures would have to be revised to account for inflation since
that time. A source of current information on labor costs is the "Index of
Charge-Out Prices and Wage Rates" published annually by the Association of
American Railroads in Washington, D.C.

The second major cost category is locomotive costs, which include total
costs for repair, depreciation, rent, fuel, indirect maintenance and labor
costs and a return on investment figure. Wisconsin used 7.2 percent for that
figure. The other costs were also obtained from the R-1 reports of the relevant
carriers, and the system cost of these locomotive related costs was then divided
by locomotive hours to produce a cost per locomotive hour. Table 3-10 presents
some 1981 locomotive costs for particular railroads in Wisconsin.

The third cost category of the on-branch cost group is related to the cost
of cars used on the branch line. Car costs are broken into those related to the
number of days & car is used on the line, and those that are a function of the
number of miles that the car is operated. They are both calculated by using a
unit cost per car-day and per car-mile, times the number of hours and miles that
cars are used on the branch. Wisconsin calculated per mile and per day costs
by commodity to 1981 cost levels, as presented in Table 3-11. These cost
factors are then applied to estimate on-branch car-miles and car-days. On
branch car-miles are estimated by taking the average round-trip distance on
the line, while car-days are a function of switching, loading, and waiting
times, along with frequency of service. Table 3-12 presents factors for
calculating car-days, based on frequency of service.

A similar method is used to develop the costs of using cabooses on the
branchline, if they are required by state law or union agreements. The number
of caboose-days is mmltiplied by a unit cost of $15.57 per day, then adjusted
for inflation since 1981, Caboose-mile costs were calculated by Wisconsin to
be $0.081 per mile in 1981. It should be noted that increasingly railroads
are doing away with the use of cabooses, and these costs should not be auto-

matically included in a cost estimation.
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Table 3-9

1981 CREW COSTS FOR SELECTED WISCONSIN RAILROADS

Crew Costs per Hour

1981

C&NW MILW S00 ICG
Two Man Crew 44,35 44,16 44,02 Ly, 62
Three Man Crew 62.81 62.55 62.34 63.20
Four Man Crew 81.27 80.94 80.67 81.78
Five Man Crew 101.04 100.63 100.30 101.68
Source: Computed by WisDOT from 1978 annual reports of the

carriers (R-1's) and factored by 1.450 to represent

19810

LOCOMOTIVE COSTS

Table 3-10

FOR SELECTED WISCONSIN RAILROADS

Locomotive Unit Costs Per Hour

C&NW 39.85
MILW 56.07
S00 35.36
I1CG 39.78
Source: Computed by WisDOT from 1978 annual reports of the

carriers (R-1's) and factored by 1.450 to represent

1981.
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Table 3-11: ON-BRANCH UNIT COST FACTORS FOR SELECTED WISCONSIN RAILROADS

CNW ~_ MILW RD S00 1CG
STCC Cost/ Cost/ Cost/ Cost/ Cost/ Cost/ Cost/ Cost/
Code Name Car-Day Car-Mile Car-Day Car-Mile Car-Day Car-Mile Car-Day Car-Mile
01 Farm Prod. 4.8321 1.741 6.9505 .0786 4,6032 .0656 4,4099 .0519
08 Forest Prod. 2.9020 .0873 5.0181 .1057 3.3235 .0938 3,1838 .0811
09 Fresh Fish 3.6500 .0673 6.3115 .0855 4,1798 .0802 4.0044 .0598
10 Metallic Ores 4,5061 .0551 7.7921 0749 5.1605 .0589 4,9437 .0459
11 Coal 4,5061 .0551 7.7921 .0749 5.1605 .0589 4.9437 .0459
13 Crude Petroleum 0.0449 . 1455 0.0779 1617 L0515 .1552 0.0494 . 1440
14 Nonmetallic Ores 4.,4430 .0564 7.6829 .0760 5.0882 .0604 4,8746 0474
19 Ordinance 4,3304 .0578 7.4882 .0770 4.,9591 .0635 4,.7510 .0489
20 Food or Kindred 3.4067 .0722 5,8908 .0887 3,9013 .0805 3.7381 .0638
21 Tobacco 4.3216 .0579 7.4726 .0771 4,9490 .0636 4.,7410 .0490
22 Textile Mill Prod. 4,2808 .0583 7.4024 0777 4,9024 .0649 4.6967 .0498
23 Apparel 3.2067 .0740 5.5479 .0917 3.6745 .0928 3.5199 .0676
24 Lumber 4,4972 .0563 7.7765 L0749 5.1500 .0590 4,9339 .0462
25 Furniture 4.3440 .0574 7.5117 .0769 4,9747 .0633 6.3752 .0485
26 Pulp-Paper Prod. 4,3890 .0569 7.5895 .0765 5.0262 .0619 4,8153 .0480
27 Printed Matter 3.5689 .0686 6.1714 .0869 4.0870 .0831 3.9154 .0616
28 Chemicals 2.6317 .0920 4,5506 .1099 3.0139 .0998 2.8871 .0861
29 Petroleum Prod. 1.0680 1245 1.8466 L1414 1.2231 1331 1.1717 1213
30 Rubber & Plastics 4.,2763 .0583 7.3946 0777 4,.8972 .0649 4,6917 .0498
31 Leather 3.5327 .0690 6.1089 .0873 4.,0458 .0845 3.8758 .0623
32 Stone, Clay, Conc. 4.4251 .0564 7.6518 .0757 5.0676 .0604 4,8549 L0474
33 Primary Metal 4.4027 .0565 7.6129 .0760 5.0418 .0616 4.,8302 .0479
34 Fab., Metal Prod. 4,1591 .0602 7.1921 .0794 4,7632 .0677 4.,5630 .0517
35 Machinery 4,1817 .0598 7.2312 .0789 4.7890 .0673 4.5877 .0513
36 Electric Machinery 4,1232 .0606 7.1296 .0797 4,7219 .0689 4.5236 .0525
37 Trans. Equip. 4.3530 .0573 7.5271 .0769 4,9850 .0628 4.7757 .0484
38 Instruments 3.6637 .0679 6.3350 .0866 4,1956 .0804 4,0191 .0608
39 Mis. Prod. of Manu. 3.8663 .0643 6.6855 .0830 4,4275 .0750 4,2416 .N564
40 Waste & Scrap 4,3710 .0579 7.5583 0774 5.0056 .0619 4.7954 .0489
41 Misc. Freight Ship. 3.6093 .0679 6.2414 .0865 4,1337 .0822 3.9600 .0609
42 Empty Containers 3.2083 .0736 5.5479 .0910 3.6745 .0905 3.5199 .0670
44 Freight Forwarded 2.8390 .0792 4.9091 .0963 3,2511 .1024 3.1146 .0739
45 Shipper Assoc. 2.6901 .0812 4,6518 .0983 3.0808 .1063 2.9515 .0762
46 Misc. Mixed Ship. 1.6267 .0967 2,8129 1123 1.8627 1343 1.7846 0941

Source: 197



Table 3-12

AVERAGE CAR-DAYS ON A BRANCH LINE

Frequency of Local Intrasystem Interline
(Trips per Week) Traffic Traffic Traffic
1 19.00 11.00 11.00
2 15.29 8.29 8.29
3 12,05 6.38 6.38
L 11.07 5.82 5.82
5 10.43 5.63 5.63
6 9.14 L.6L L.6k
7 8.00 L.00 L.00

A final, and not insignificant, on-branch cost is that of maintenance of
way. Average 1981 costs per mile for mintenance, based on the amount of
traffic over the line, are provided in Table 3-13. Obviously costs for such
maintenance will vary considerably with the number of tunnels, bridges, etc.
and, if at all possible, a specific engineering estimate of maintenance costs
should be made. Specific costs can only be estimated by having experienced
railroad engineers inspect the facilities and develop cost estimates of needed

repairs based on the actual condition of the line.

Table 3-13

AVERAGE MAINTENANCE COSTS

Millions of Annual Average Annual Maintenance
Gross Ton-Miles Cost per Mile ($)

0.0 - 0.19 $ 6,338

0.2 - k.99 7,503

5.0 = 9.99 8,456

10.0 - 1L.99 14,70k

15.0 - 19.99 18,184

20.0 - 2L4.99 21,699

Source: Viability of Light Density Rail Lines. USRA,
March, 1976, page 99. Costs inflated to 1981
figures by WisDOT.
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Off-branch costs mst also be included in any cost estimation, Just as
of f-branch revenues are included on the other side of the ledger. The com-
ponents of these costs include line-haul cost and terminal costs.

Line-haul costs are calculated based on the variable unit costs per car-
mile and ton-mile, aloné with the average length of haul. The average length
of haul is based on the commodity type, and the territory of the origin-destina-
tion, less the average length of haul for a branch line. BStatistics on the
length of haul by commodity type are available from the AAR Carload-Waybill
Statistics. Some 1981 line-haul costs by car type are presented in Table 3-1b.
These would need to be updated to current values.

Terminal cost reflects the cost of switching movements. Unit costs of
such terminal movements are based on variable car-mile and tonnage related
costs. Table 3-13 also presents terminal costs per car-mile and ton, for
particular car types.

A final, and most significant cost, is the return on investment in the
branch. It is the opportunity cost to the carrier of remaining in operation.
In this technique, it is developed by applying a desired rate of return to the
salvage value of the branchline, including the land, rail, and ties. Wisconsin
applied figures of $82 per ton for scrap steel, $5.00 per usable tie, $160-270
per ton for reusable relay #1 rail, and $140-$230 per ton for relay #2 rail.
These figures could be adjusted by checking with salvage operators and railroad
suppliers. Railroad land value is usually hard to estimate, because the alter-
native uses for a right-of-way may be limited or non-existent. In 1981, Wis-
consin used $400 per acre for rural land, and $26,136 per acre for urban land.
In order to release these assets, dismantling and removal would have to take
place, estimated at $11,000 per mile in 1981. After taking the net liquidation
value of the branchline, a rate of return of 16.5 percent was applied, based
on ICC findings of the average cost of capital in 198l. More recent informa-
tion or other capital values could be applied.

The total operating cost is the sum of these three cost components: on-
branch costs, off-branch costs, and return on investment. The net profit on
the branch is the amount remaining after these costs are subtracted from the

revenue attributable to the branch.
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Table 3-1L

LINE HAUL AND TERMINAL COSTS FOR OFF-BRANCH COST CALCULATIONS

Line Haul Costs Terminal Cost
Per Per Per Car- Per
Car-Mile Ton-Mile Load Ton
Box - General-Unequipped $.60919 $.006801 $227.62 $0.17566
Box - General-Equipped .T1667 .006801 227.52 0.17566
Box - Special .88988 .006801 2Lk, 25 0.17566
Gondola -~ General T6LTE .006801 2LL, 25 0.17566
Gondola - Special 78974 .006801 24Y 25 0.17566
Hopper - Open-General .T51k1 .006801 2Lk, 25 0.17566
Hopper - Special .75010 .006801 244,25 0.17566
Hopper - Covered JTTh2 .006801 2kL, 25 0.17566
Stock 76553 .006801 kL. 25 0.17566
Flat - General .70488 .006801 24k, 25 0.17566
Refr. - Meat-Mech. 1.0927L .006801 147.73 0.17566
Refr. - 0/T Meat-Mech. .90269 .006801 147.73 0.17566
Refr. - Meat-Non Mech. 1.101L0 .006801 1L7.73 0.17566
Refr. - O/T Meat-Non Mech. 84501 .006801 147.73 0.17566
Tank - 10,000-18,999 Gal. .97h27 .006801 147.73 0.17566
Tank - 28,000-31,999 Gal. 1.11017 .006801 147.73 0.17566

Sources: Rail Carload Cost Scales. ICC, 1977. For Region V (average trains)
for 1977 factored by 1.520 to 1981. Viability of Light Density Rail
Lines. USRA, March 1977, pp. 83-85.
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The Wisconsin methodology described here relies on the use of cost dat:
from the annual report to the ICC of Class I railroad carriers.l In many cases
the unit costs derived in this way will correctly fit the situation in which a
Class I carrier wishes to abandon service on a branch. Operating costs of
smller, short-line replacement carriers will be lower, though it 1is likely
that any project involving such a transition would involve capital costs to
rehabilitate the line to a serviceable standard. Additional costs for a short-
line operation include the administrative costs detailed in Table 3-15. Off-
branch costs are omitted from the calculation for short-line operations, and the
crew, locomotive, car-day and car-mile unit costs should be reduced to actual
levels of the short-line operation. The formulas are the same as for the Class
I operators. Wisconsin suggests $3,500 per mile per year as the appropriate cost
of short-line maintenance of way, if actual is not available.

Capital cost estimates can be supplied by the railroad owning the line,
and are often supplied as part of the case for abandonment. An alternative
source of capital cost estimates 1is independent engineering estimates of the
cost of needed renovations. In general, estimating the capital cost of the
rehabilitation of a branch line should not be done using the kind of parametric

cost estimating techniques used here for operating costs.

CONCLUSION

Estimating the costs of operating intercity bus, short-haul airline, and
rail freight service on branch lines can be done using the methods presented
in this chapter. Planners and officials seeking to use any of these methods
mist realize that the data sources for the unit costs will probably be somewhat
different from those described here, as public reporting requirements have
changed greatly in recent years. These descriptions provide a methodology
that can be used, but they will undoubtedly require much local adaptation and

refinement to produce reliable cost estimates.

1The ICC has established three classes of rail carriers. Class I carriers have
annual revenues in excess of $50 million; Class II carriers are those with
annual revenues between $10 million and $50 million; and Class III have annual
revenues less than $10 million. Class III also includes all switching and
terminal railroads.
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Table 3-15

ADMINISTRATIVE COSTS FOR A SHORT-LINE RAIL FIRM

$1,000 to $2,000 per year
$5,000 to $10,000 per year

$15,000 per year

$2,000 per year

$5,000 to $17,000 per year

$20,000 to $30,000 per year
(finance and accounting salary
+ management and supervision)
x 25 percent

assessed value x tax rate

$3,000 to $7,000 per year

$10,000 per year

$L00 per year

$600 per year

$5,000 to $10,000 per year

a. transit commission expenses

b. legal services

c. 1insurance

d. damage claims

e. finance and accounting

f. management and supervision

g+ fringe benefits

h. taxes

i. marketing and customer services
je office and maintenance building
k. radio commnications equipment
l. office equipment and supplies
m. miscellaneous expenses

Source:

p. B-T.

Wisconsin Department of Transportation.
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ESTIMATING DEMAND FOR INTERCITY SERVICES

Another important step in the planning process for rural intercity services
is estimating the demand for the services. No matter how low the costs, the
demand must exist for the service to be viable or to have benefits that exceed
the costs. Often the actual demand for the service at current rates can be
determined from data supplied by the carrier, or from other direct survey
results. Such information provides at least one point on a demand curve, and
can provide an indication of the potential demand that may not be currently
using the service.

In this chapter an intercity bus demand estimation model is presented,
and an example of its use on the same hypothetical route used in the cost
chapter is included as an illustration of the technique. In addition, two
regional airline demand models are also presented -- one a fairly simple equa-
tion using population and distance to the nearest hub as explanatory variables,
and the other a more sophisticated simultaneous equation model. The demand
models available for rail services are substantially more complex than those
for other modes, and they will not be discussed here.

The planner or analyst using these models must realize the limitations
inherent in their use, including their inability to deal with markets that are
much different from those used to calibrate the models and the limitations on
their accuracy. While the intercity bus models explain about two thirds of the

variation in the demand per trips, both the simple and the more complicated
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versions of the airline models are only able to explain about 40 percent of
the variation in enplanements among cities. For that reason, a number of
other factors affecting the demand for regional airline services are also
discussed. Officials should take these other factors into account, perform
local surveys of key employers and travel agents, and take other steps to
fully understand the local market for air travel in addition to using these
models.

Demand for rail freight service is best estimated by surveying shippers on
the particular routes that carriers have designated as possibly subject to
abandonment. For that reason, we have not included any branchline rail freight
models. Rail passenger service models have been developed in & number of
different studies -- some being multimodal -- and others predicting rail demand
only. Amtrak has its own proprietary demand model which it uses to check
the reasonableness of state-provided demand estimates when evaluating state-
funded 403(B) service. Estimating the demand for a complete 403(b) route
or schedule in a manner that meets Amtrak requirements would require more
space and development than can be provided in this guidebook, and so nothing
has been included regarding demand estimation for intercity rail passenger

service.
ESTIMATING THE RIDERSHIP ON INTERCITY BUS ROUTES

This section describes a means for estimating the ridership on intercity
buses on a particular route. A simple estimating technique was developed from
data for 89 routes in 17 states.1 The number of riders on a particular
route was found to depend on the frequency of service, the population served,
the fare, and the route's distance. The procedures discussed are simple and
inexpensive. They are also intuitively correct and reasonably accurate. They
are intended for use as part of a sketch planning exercise which should be
followed by more thorough analysis of the routes that appear promising. As
with all estimating procedures, those described here should be used with care.

This model has been applied in studies of rural bus service in Illinois,

North Carolina, and Tennesse. In Illinois, the Greyhound service between

1Jon E. Burkhardt and Jeffrey I. Riese. "Estimating Travel Demands for Inter-
city Bus Routes." Paper presented to the Transportation Research Board,
January, 1982.
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Louis and Vincennes, Indiana was analyzed.l The model predicted ridership
greater than the actual ridership, possibly because schedule changes had made
day trips to St. Louis impossible. In North Carolina, it was used to estimate
bus ridership on the Outer Banks, between Elizabeth City and Manteo. Model
estimates were very close to actual ridership on the service provided by

Virginia Dare Transportation Co. (which received UMTA Section 18 funds).

The Data Base

Examining over 200 routes, 114 routes in 17 states for which complete data
existed were selected to generate the data needed for estimating demand on a
route-by-route basis. For purposes of demand estimation, routes of less than
20 miles were eliminated, leaving 89 routes to be analyzed. These 89 routes
had an average ridership of almost 2,000 passengers per month, at approximately
seven dollars per trip, from an average service area population of 200,000+
persons. Several routes crossed state boundaries. Other relevant statistics
for the routes comprising the data base are shown in Table 4-1.2

The data represent the full range of routes serving rural and small urban
areas. No routes serving only large urban areas were included. Bus companies
with only one route were included, as were the major carriers which serve
cities throughout the U. S. No formal distinction was made between express
and local routes. Some of the routes had varying scheduled stops (some regular
stops became flag stops on certain runs), but as long as the end points speci-

fied were served, the route was included.

Details of the Recommended Approach

Components of the Models

In general, the models are of the following format: the number of passen-

gers on a given route is a function of the frequency of service, the population

1Joe Kott. "St. Louis-Vincennes: Problems and Opportunities in Preserving
Bus Service to Six Illinois Counties." Illinois Commerce Commission, Spring-
field, Illinois, November 1984, pp. 35-37, and Appendix a, Table A.

21t may not be possible to use the models described here to accurately predict
ridership on intercity bus services whose characteristics fall significantly
outside of those shown in Table L-1.
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Table 4-1

CHARACTERISTICS OF 89 INTERCITY BUS ROUTES USED TO

FORECAST PASSENGER DEMAND ON ROUTES OVER 20 MILES IN LENGTH
Standard
Variables Mean Deviation
One-Way Passengers per Month (boarding) 1,926 3,602
One-Way Distance (miles) 95 L5
One-way Fare (dollars) $6.78 $h.2h
Scheduled Run Time (minutes) 152 T2
Round-Trip Frequency (per week) 15 16
Total County Population (all persoms in 568,311 547,061
all counties served)
Route Specific Population (all persons 214,800 198,400
in cities, towns, villages, directly
on route)
1979 Per Capita Income (average for the 7,109 1,146
total population)
Origin City Population (persons) 106,177 141,363
Destination Population (persons) 74,280 127,76k
Monthly Bus Miles (Frequency x Round 11,54k 11,491
Trip Distance)
Fare/Mile (cents) 6.35 1.69

Source:

Data collected by Ecosometrics,
Mitchell and Co.

Incorporated and Peat, Marwick
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served, the cost to the rider, and the distance of the trip. The variables
included in the model are the most significant intuitive causes of demand,
their relationships and elasticities are consistent with existing references
on the demand for intercity bus travel, and the best of the models account for
about two-thirds of the overall variance in demand among the routes studied.

The models that proved to be acceptable were of the following format:

PASS/MO = CONST x RTFREQ® x SERVPOPP x FARE/MIC x DISTA

where
PASS/MO = the number of one-way passengers boardings per month for the
route segment specified
CONST = a constant specifically derived for this equation
RTFREQ = scheduled round trips per week on the route
SERVPOP = the population served -~ defined as the sum of the populations
of villages, towns, and cities directly along the route -~
divided by 100
FARE/MI = fare per mile in cents, found by dividing the cost of a one-
way fare between the endpoints of each route by the one-way
distance between the endpoints of the route
DIST = one way distance between the endpoints on the route
a = the exponent for round trip freguency
b = the exponent for service population
c = the exponent for fare per mile
d = +the exponent for one~way distance.

Specific Models for Estimating the Demand for Intercity Bus Travel

Table 4-2 shows models that provided the best explanation of the variations
in patronage among the 89 routes analyzed. Separate equations are presented
for routes of different distances. This stratification by distance was done
because intercity trips of different length are quite different in terms of
trip purpose and frequency. The only equation including distance as a signifi-
cant variable is the last equation which estimates demand for the entire data

base of 89 routes.
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Table 4-2: REGRESSION MODELS FOR ESTIMATING TRAVEL DEMAND ON
INTERCITY BUS ROUTES IN SMALL URBAN AND RURAL AREAS

GENERAL MODEL: # Passengers = (frequency)® x (population)® x (fare)® x (distance)d x constant

SPECIFIC MODELS:

Route Passengers Round Trip Population x Fare per x Distance x Constant
Distances Per Month = Frequency X Served Mile
(miles) ;
20-60 " = Frequencyl'032 X Population0’376 X Fare‘0‘6h5 x (N.A.) x 17.989
20-120 " = Frequency1+993 x Populationo'h09 x Fare-0:352 x (N.A.) x 6.871
121+ " = Frequenqyo'hl5 X Population0°726 x (N.A.) x (N.A.) X 1.510
20+ " = Frequency0'893 X Populationo'hSu x Fare—0+268 y Distance—2-61 17.219
where:
Passengers/Month = Number of passenger boardings on the route per month.

Round Trip Frequency Scheduled round trips per week on the route.

Service Population = The population served, defined as the sum of the populations of villages, towns,
and cities along the route, divided by 100.

Fare/Mile = Fare per mile in cents, found by dividing the cost of a one-way fare (in 1980
dollars) between the end points of each route by the one-way distance between

those end points.

Distance = One-way distance between endpoints of the route.



Because of the functional form of the model being used, the regression
coefficients constitute the demand elasticities of the respective variables.
Seen in this light, the results of the equations are most satisfying. First,

all of the signs of the coefficients are intuitively correct:
® increases in frequency of service lead to increases in ridership,

@ increases in the service area population lead to increases in
ridership,

® increases in fares lead to decreases in ridership, and

® increases in trip distance lead to decreases in ridership.

Second, the elasticities shown in these equations are similar to previously
documented ranges. Furthermore, the fare elasticity behaves as expected with
respect to distance. Third, all of the regression coefficients in the equations
shown were found to be statistically significant. Therefore, the equations can
be used with a relatively high degree of confidence in théir accuracy.

The user of these models should select the most appropriate models accord-
ing to individual circumstances. The person using any of the equations only
needs information for the route or routes to be analyzeds The population,

distance, fare, and frequency data can be assembled for a single route within

several hours.

Step-by-Step Procedures

The procedures for applying the intercity bus demand models are relatively

straightforward. Some research on the area's characteristics and several

decisions regarding desirable system characteristics are necessary. Then the

model can be applied.

Identify Area Characteristics

Information about two factors must first be found: the population that
will be served and the distance covered by each route. The population can be
determined through census or census-type materials. The total mileage of each

route will have to be determined by direct measurements for each specific route.
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Choose Service Characteristics

The analyst must then specify

e the average frequency of service on all routes, and

e the fares that will be charged.

It is important to remember these specifications can be changed over and over
again for multiple iterations of the model, so that it is not wise to agonize

for a long time over the precise numerical specification of a particular factor.

Calculating the Demand

Table 4-3 outlines step-by-step procedures for calculating demands with
a calculator. In general, the procedure is to find the value for each variable

times its exponent, then to multiply all the resulting values times each other.

Examples of Calculations with the Models

Consider a proposed route with the following characteristics:

population served, expressed in hundreds: 152,645 = 100 = 1526.45
one-way route distance: 103 miles

round trip frequencies: 14 times per week

one-way fare per mile: 10.18 cents per mile.

These values are then entered into the demand equation for routes from 20 to

120 miles, which is
PASS/MO = RTFREQL+093 x SERVPOPO-409 x rARE/MI-0:352 x 6.871

Thus,

PASS/MO = (14)1+93 x (1526.45)0.409 x (10.18)=0.352 x 6.871

17.89 x 20.05 x 4418 x 6.871

and, therefore,

PASS/MO = 1,089 one-way passenger boardings per month.
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Table 4-3

PROCEDURE FOR CALCULATING TRAVEL DEMANDS ON
INTERCITY BUS ROUTES WITH A CALCULATORL

Use the equation for routes 20-120 miles long as an example:
PASS/MO = RTFREQL:093 x SERVPOPO-409 x FARE/MI-0-352 4 6.871
STEP 1 A: Enter round trip frequency per week
B: Press yX button
C: Enter 1.093
D: Press = button
E: Record answer
STEP 2 A: Enter population served along the route (number of persons
divided by 100)
B: Press y* button
C: Enter 0.409
D: Press = button
E: Record answer
STEP 3 A: Enter fare in cents per mile
B: Press y* button
C: Enter 0.352
D: Change sign to minus
E: Press = button
F: Record answer
STEP 4 Multiply 6.871 times answers to Step 1 times Step 2 times Step 3
STEP 5 Write down the result; this is the prediction of the number of
one-way passengers per month on that particular route.
Note: This example has been developed using Sharp and Texas Instruments scien-

tific calculators. The exact sequence of steps may be slightly different
for calculators from other manufacturers.
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Observations About the Bus Ridership Models

Results Should be Carefully Reviewed

As with all models, the user must carefully review the reasonableness of
route-level ridership estimates. Ideally, estimated ridership on a route should
be compared with actuai ridership data, if available, for existing services.
This will provide the user with an indication of applicability of the models
in the corridor of interest.

In case study corridors for which actual operations data were available,
the demand estimations were close to the actual ridership: the model estimated
ridership within 35 percent of a reasonable control number (which was the
greatest deviation from the expected values in the test group). This confirms
the findings that the demand equations were quite satisfactory on routes under
120 miles in length and could also be used on longer routes if carefully tem-
pered by the judgment of a planner or operator who is familiar with the area's

characteristics.

Caveats Regarding the Use of Models Must be Recognized

The models performed well for all corridors, particularly those under 120

miles in length. However, the modeling techniques must be used with caution

for routes that:

e involve significant levels of '"overhead" (i.e., through) ridership;
e are longer than 120 miles; or

@ have intensive intermodal competition.

The ridership models predict route (operator) level patronage within a
service area of interest. They do not predict "overhead" ridership, which is
the number of passengers riding on that route originating from or destined to
points outside of that route. As such, the models tend to underestimate total
ridership for a route. If estimates of overhead ridership are known, they
should be added to ridership estimates produced by the models to obtain a

total figure of the number of passengers on a bus.
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The demand models were estimated on route (operator) demands, and as such
:he models should be applied on an operator-specific, not a corridor basis.
’hus, in corridors with two or more operators, each operator's ridership should
be estimated separately, and the individual riderships then summed to estimate
corridor ridership. It is noteworthy that, in several of the equations, rider-
ship is directly proportional to frequency, a further reason why ridership can
and should be estimated on an operator-specific basis.

Routes over 120 miles in length must be analyzed with particular care. The
model suitable for such routes was developed with a set of routes averaging
approximately 150 miles in length. Therefore, this model should not be used on
routes substantially longer than 150 miles. When analyzing longer routes,
it will be necessary to segment the route in order to apply the model in a
conceptually sound manner. Undoubtedly, this adds some error and uncertainty
to the final ridership estimate, but this should not be a serious problem if the
actual ridership of the route is known for comparison and calibration purposes.

In corridors where intense rail-bus or air carrier-bus competition exists,
the models do not take this into account. This is not as serious a limitation
as it may initially appear. In many rural areas, competition between these
modes is limited due to the different populations served and different trip
purposes served by each mode; in most instances, the nature of proposed changes
in intercity bus service is such that it is unlikely to result in major shifts

in existing modal splits.

Actual Ridership Will Vary from the Estimates

As with all estimating techniques, it must be remembered that, while the
models are highly accurate overall, they may not be equally accurate in each
specific application. Inevitably, the user must make a judgment of whether he
or she is comfortable with these estimates for decision-making purposes. To
help account for such risks, it is advisable to explore the implications of a
+ 30 percent range about the estimated ridership. The analyst can use this

range to assess the financial risks of under-or-over estimating ridership.

The Models Can be Applied in a Short Time

If a user has population data available by Jjurisdiction and an up-to-date

et of intercity bus schedules, it should typically take one day to develop
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the inputs to and apply the ridership estimation procedures used in this analy-
sis for the existing service. Once this is done, many service options can be

analyzed within several hours of work.

Summary

A number of different modelling procedures were evaluated before recommend-
ing the approach described, but all others had significant problems. The only
simpler methods would be to rely exclusively on professional judgment to esti-
mate ridership. The models described, used for forecasting the demand for

intercity bus services, can be useful in analyzing existing routes or planning

services where none now existe.
ESTIMATING THE DEMAND FOR AIRLINE SERVICE

This section discusses several techniques that have been suggested to
estimate demands for airline services for small urban and rural commnities.
While the models are not as advanced and do not provide as accurate estimates
as do the intercity bus models, the models available do offer a possibility of

initial numerical estimates.

Factors Associated with Demandl

Air service 1is heavily dependent on a number of local factors. All of
the following conditions should be considered when analyzing the possibility

of gaining or maintaining service.

Isolation

The degree of isolation of a city is a mjor factor in commuter airline
use up to a certain point. The biggest factor in isolation is the distance to
a hub airport, since the Regional Airline Association estimates that 7O percent
of all regional airline passengers are traveling to or from hub airports.

Isolation takes into account not just physical distance to a hub, but the

IMuch of the information in this section is derived from William E. O'Connor.
An Introduction to Airline Economics. Praeger Publishers, New York, 1982.

60~



competing modes of transportation. Driving time, not just distance, must be
considered. If travelers must go miles out of their way to cross a bridge,
for instance, this would increase the relative isolation from a travel stand-
point. Isolation alone, however, will not create demand for airline service.
If a city 1s so isolated that it cannot attract a reasonable level of economic

activity, then it is unlikely to attract air service.

Type of City

Another factor to be considered is the city type. Is it predominately
manufacturing, commercial, tourist, or institutional? Other factors can blur
this distinction, but as a rule it has been found that commercial cities tend
to generate more traffic than manufacturing cities. Additionally, a 1976
survey of commuter passengers in Iowa found that over 80 percent of travelers
were in professional, technical, or managerial positions.l Institutional
cities (those with universities or major governmental functions) also tend to
generate traffic. Tourist cities will generate traffic, but only a few
small cities have enough tourist attraction to generate traffic for only that

reasone.

City Population

The size city needed to support air service is the most difficult var-
iable to quantify. Some literature on commuter air service refers to cities
with less than 10,000 people as small, but this is referring mostly to air
taxi type service.2 Other literature defines the medium-sized category as
population between 10,000 and 100,000.3 There are cities of 30,000 which
are supporting profitable air service, and others of 45,000 which require

several hundred dollar per passenger subsidies.

1Bruce Thorson and Kenneth Brewer. "Model to Estimate Commuter Airline Demand

in Small Cities." Transportation Research Record #673, Transportation Re-
search Board, Washington, D.C., 1977, pp. 187-193.
2Ibid.

3Yupo Chan. "Airline Deregulation and Service to Small Communities." Trans-
portation Research Record #851, 1962, p. 29.
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More important than population 1is average daily passenger enplanement:
Historically, the Civil Aeronautics Board believed that any community genera-
ting more than 40 passengers a day could support air service without subsidy.l
Other estimates place this figure as low as ten enplanements a day.2

The next logical step is to attempt to link population and enplanements.
The demand models below are broken into two categories. One is to be used
where judgement would “estimate below 15 enplanements a day, and the other
where judgement would estimate above 15 enplanements a day. The developers of
the model point out that accurate models are hard to design precisely because
there are so many factors that influence the ability of a city to support
service. Another problem is that, with the lack of regulation in the industry,
solid information about travel patterns is hard to collect.

This model was used as the basis of a recommended program to integrate
commter air carriers into Iowa's total transportation system. The general
format specifies that air passenger traffic is a function of the population
of the community and its isolation. The model explains LO percent of the
variation in enplanements, and can be used to establish a general feeling for
whether or not service is feasible.

If initial suppositions lead one to expect less than 15 enplanements a

day, the formula to be used is:

ADPE = 3.04153 + .7312(POPL) + .206(ISOLATE)

where:
ADPE = Average Daily Passenger Enplanements
ISOLATE = Miles to the nearest FAA hub in tens
POPL = Population in thousands

If judgement estimates more than 15 enplanements a day, the formla is:

ADPE = 6.96 + .6183(POPL) + 1.36586(ISOLATE).

lpbdussalam A. Addus. "Essential Air Service Determination for Small Communi-
ties." Transportation Quarterly, Vol. 39, No. 4, 1985, p. 537T.
2

Op. cit., Yupo Chan.
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An alternative formulation has been provided by Pickrell.l Using the same
kind of basic model, Pickrell postulates that the number of one-way air passenger
srips on an individual route connecting & small community with a specific large-

or medium hub city is a function of
e the population of the community in which those +trips originate,

e the number of passenger enplanements at airports in the hub city at
the route terminus,

e the published air fare for the trip,

e the scheduled flying time,

e the number of weekly departures from the origin community to the major
destination city,

e the average seating capacity per departure,

e the estimated out-of-pocket cost for travel by auto for the trip,

e the estimated driving time for the trip, and

e vwhether or not the route is served by a certificated air carrier.

The largest influences in overall demand were flying time, the air fare, fre-
quency of scheduled departures, and the volume of traffic at the hub airport.
While the models produced with these variables generally showed intuitively
correct results, the models could only account for less than half of the
observed variation in passenger volumes along specific routes.

There are other methods of determining reasonable possibilities of success-
ful service. Commuter airlines operated in 1985 with average load factors of
42-45 percent.2 Since the types of aircraft being used by a regional airline
serving any given area can be readily identified if reasonable estimates of
average daily passenger enplanements can be generated, the level of service
that can realistically be expected or supported can be estimated.

In addition to demand models, local travel agents are an excellent source
of information on 1local travel patterns. Travel agents, obviously, seldom
report their sales on a disaggregate basis, but if they can be convinced that
long-term gains are possible by revealing figures for total ticket sales, some

information may be forthcoming. If all of the travel agents participate, a

1Don H. Pickrell. "The Demand for Short-Haul Air Service." In John R. Meyer

and Clinton V. Osker, Jr., Deregulation and the New Airline Entrepreneurs,
Cambridge, The MIT Press, 1984,

Regional Airline Association. Annual Report, Washington, D.C., 1986,
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reasonable figure in a city for the total dollar volume of airline ticket
purchases in a commnity can be generated. If the figure is large enough that
even a small fraction of it would represent a sizable market, a regional airline

might be induced to more closely examine the feasibility of service.

Airline Planning

As mentioned above, the lack of information on the internal planning process
of the regional airlines has frustrated local planners and academics alike. A
1984 study attempted to uncover and document some of these methods.1 It dis-
covered that decisions about which communities to serve are made at the top
levels of the companies. Presidents and executive vice presidents seemed to
be involved in most of these decisions. Marketing also played an important
role in this selection at one-third of the airlines surveyed. The planning
horizon of commuter airlines tends to be relatively short. 8Sixty percent of
the airlines decided which communities to serve less than six months before
implementing service. Another 35 percent selected commnities six months to
one year prior to beginning service. Regional airlines relied primarily on FAA
and DOT airport and carrier statistics, the actions of competitors, and passenger
surveys for information when making service decisions. Consultants were used
about one-third of the time when making these decisions. Sixty-seven percent
of the airlines did have policies for establishing if a community would be
served, and 50 percent of the airlines did use computer techniques in making
these service decisions. As would be expected, the sophistication of the
planning techniques increased as the size of the airline grew.

This information about the airline planning process regarding service
decisions may be useful to local groups supporting increased air service. It
suggests that:

e Information about the community and its commitment to use the service
should go to the very top level of airline management.

e Offers of local marketing activities may be persuasive in attracting
carriers.

lLawrence Cunningham, Kenneth Williamson, and Wallace Wood. "Planning Decisions
in Commiter Airlines." Transportation Journal, Vol. 23, No. 3, 1984, p. 53.
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e Community air service groups should mrke efforts to find out what
policy requirements potential carriers may have regarding service
decisions. Local groups can then determine whether they meet airline
requirements, and if local actions could help qualify the area to
receive more service.

e Local groups need to be prepared to provide their supporting activities
quickly, given the short periods of time which elapse between decisions
to implement service and the actual inauguration of flights.

Another factor influencing regional airline service planning decisions is
the growth in marketing alliances with mmjor carriers. These often include
"code sharing" arrangements with major carriers.l Under these agreements,
regional carriers are listed in the computer reservations system (which are
owned by the major carriers) as if they are part of the larger airline. In-
terline ticketing, Jjoint use of terminals, use of the major carriers' name and
corporate trademarks, and joint marketing are usually part of these agreements
as well. This combination of regional and major carriers is likely to appear
as one single corporate entity.

There are several ways in which "code-sharing" agreements affect service
planning decisions that local groups may be attempting to influence. One is
that the mjor airline partner is likely to have a strong say in service
decisions such as whether or not to serve a community, frequency, type of
equipment used, and fares. Such decisions will likely be oriented toward the
development of the regional services as complementary "spokes" feeding the
major carrier's "hub". This makes the regional carrier into a more effective
connection to the national airline service network.

A second way in which "code-sharing" agreements affects small commnity
air service is a tendency for the affiliated regional carriers to replace the
services of their major carrier marketing partner in city-pair markets whose
volumes are too small to support major carrier jet service.? While communities
often perceive such changes as a decrease in quality of service (due to the
use of smaller aircraft), it is wusually beneficial in that the connecting

service is continued, and often at higher frequencies.

1Don H. Pickrell and Clinton V. Oster. A Study of the Regional Airline Indus-
try —— The Impact of Marketing Alliances. U.S. Department of Transportation,
May 1986, pp. 17-30.

2Ibid., pp. 2T,
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Another potential benefit from regional airline marketing alliances ¢
be reductions in fare levels resulting from joint fares established betwec..
the major and regional carriers involved in the alliance. These are often lower
than the sum of an independent regional airline's fare and that of a major
carrier. In effect, the major carrier may be subsidizing regional air service
from smaller communities to its hubs in order to increase its market share on
the trunk routes between hubs. Groups involved in trying to improve air service
to small cities may want to consider the fare impacts of different fare arrange-

ments as they try to attract new carriers or services to their towns.

USES AND LIMITATIONS OF PROCEDURES FOR ESTIMATING DEMAND

The demand models are intended to provide "sketch planning”" or order of
magnitude estimates for specific intercity routes serving small urban areas
and rural areas. These techniques provide a reasonably simple, low cost, quanti-
tative basis for developing initial demand estimates for evaluating the costs
and benefits of existing and proposed services. For example, potential uses for
such models include:

e comparing ridership potential on many routes serving small urban

areas in order to identify those that might warrant further analysis
and consideration;

® checking the reasonableness of ridership projections developed by
other government agencies and companies if state DOT financial support
is being sought for such services; and

e assessing potential changes in ridership if different types and levels
of services were operated on a route.

A model's estimates should provide those using them with a "sense'" of the rider-
ship potential of specific routes. More refined ridership estimates for
decision-making should be developed based on assessments of the socioeconomic
and other characteristics of the travel market served and the service charac-
teristics of the proposed or existing route.

The demand models have a number of limitations. Potential users must be
aware of these limitations and must account for them in their use of the models.
As noted above, the models provide '"sketch planning" type estimates, not highly
refined estimates for every conceivable service design or route under con-

sideration. This is the case for several reasons. First, the formulations
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COSTS AND BENEFITS OF RURAL INTERCITY TRANSPORTATION PROJECTS

The key question for officials and planners concerned about maintaining
rural intercity bus, rail, and air services is whether or not the service is
sufficiently important to warrant public intervention and investment. One of
the major benefits of regulatory reform is that it created strong incentives
for private carriers to move their resources from unprofitable activities to
areas where additional investments would produce profits. Thus the services
that are subject to abandonment are usually those with low demand and little
apparent prospects for increased revenues. Clearly, not all such cases will
be worthy of public assistance, and, if public intervention and investment is
contemplated, a method must be employed to make sure that the public benefits
exceed the costs. In addition, when there are many potential projects that
are worthy of public support and resources are scarce, a means of ranking the
projects must be used to ensure the maximum public benefit.

Cost-benefit analysis 1is the technique that economists have developed to
measure the public benefits, compare them to the costs, and assess the value of
a particular project or a program of projects. In rural transportation, it
has been applied most rigorously with regard to branch rail line projects for
purchase and rehabilitation. Operating projects, such as operating subsidies
for rural intercity bus service, have rarely been subjected to a cost benefit
analysis, but rather have been evaluated in terms of needs or revenue/cost

ratios. This chapter illustrates cost-benefit analysis with two applications:
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a rail branch line cost-benefit analysis as an example of an evaluation of
capital project, and a cost-benefit analysis of operating subsidies 1
rural intercity bus service.l

Both applications reveal that benefits vary with usage, and that services
that are heavily utilized are those most deserving of assistance. High usage,
low-cost projects should be favored, for the most part. Therefore, good esti-
mates of cost, and reasonable, accurate predictions of actual usage are needed
to make the cost benefit analysis wvalid. Suggested methods of determining
cost and demand have been discussed in previous chapters; this chapter inte-

grates those components into the overall cost-benefit methodology.

BENEFIT-COST ANALYSIS OF A CAPITAL PROJECT: RAIL BRANCH LINES

Introduction

Cost-benefit analysis of local rail service projects was mndated by the
Local Rail Service Assistance Act of 1978 for all projects to become eligible
for Federal funding. Such projects could include acquisition, rehabilitation,
new construction, or replacement service. While the availability of Federal
funding programs for such purposes has declined, the planning techniques deve-
loped for them remain valid for use by states, localities and other groups. A
number of state funding programs for rail also require such analyses. While
the method presented here deals basically with capital investments in rail
branch lines, it can be adapted to other investments such as airport construc-
tion or improvements or investments in barge or ferry service.

As indicated above, the object of benefit-cost analysis is to determine
whether the benefits of a proposed project, in this case a rail project, are
greater than the costs. A ratio -- the benefit/cost ratio -- is computed for
each project alternative, by dividing the expected benefits by the expected
costs. A ratio greater than one means the project is generally considered to
be worth doing, while a ratio with a value less than one means that it should
not be done unless there are some other non-monetary reasons (for example,

national defense). Not all projécts with ratios greater than one will be

1No air service cost-benefit method is included, though it would be useful to
have such a tool. There are a number of different techniques for examining
the costs and benefits of airport investment and operations, but under the
Federal Essential Air Service Program, no such examination has been required
of small city air service. As states and localities do not generally sub-
sidize air service, there have been few, if any, recent efforts to perform
such analyses.

-70-



implemented, as resources are scarce. Ranking projects by their benefit-cost
ratio is one way of determining which projects are most worthwhile.

The methodology presented in this section is adapted from the Wisconsin
State Rail Plan 1983 Update, prepared by the Wisconsin Department of Transpor-
tation, Division of Planning and Budget. Wisconsin, in turn, ‘used a stream-
lined version of the principles contained in a Federal Railroad Administration

report entitled Benefit-Cost Guidelines, Rail Branch Line Continuation Assis-

tance Program, as the basis for the methodology. It is a classical cost-bene-

fit formulation, and is being presented here only in its most basic form.

Assumptions of the Analysis

Skill of the Analyst

While the material presented here 1is intended for general audiences, it
should be recognized that to actually perform the kinds of calculations described
below, some skill in economics or mathematics would be desirable. Persons with
the skills needed for these analyses can often be found in state departments of

transportation, as well as in other planning or economic development offices.

Geographic Scope of the Analysis

One of the first steps in the cost-benefit analysis is determining the
perspective of the analysis -~ local, county, state or Federal -- because the
impacts of alternatives may be different at each level when all the possible
offsetting factors are included. For example, a Jjob lost in one local area
due to rail abandonment may be offset by a new trucking job in another area of
the state. In most states, the funding for rail assistance proJjects has come
from either Federal or state sources, which would argue for including most of
these offsetting impacts in other geographic areas. However, the goals of
the program are to preserve local rail service, and so a local perspective
should also be included. In the state of Wisconsin, a county-level perspective

was chosen as the basis of ranking the projects.

Discount Rate and Term of the Project

The term of the project and the discount rate chosen to wvalue future

streams of income can make the major difference in the analysis. Ideally,

~T1-



these values are obJectively determined, based on the real rate of interest
and the engineering life of the project being built. The real rate of interest
should be considered as the rate net of the expected inflation. For example,
if inflation is anticipated to be six percent per year, and market interest
rates are 1l percent, the real interest rate (which represents the opportunity
cost) would be five percent.

Wisconsin chose 20 years as the term of rail projects, unless it was known
that the particular improvement would have a shorter useful life. The 20-year
period was chosen as the expected life of track, ties, and structures with nor-

ma]l maintenance levels.

Project Type

Project type refers to the expected result of the project, as the method
of analysis varies somewhat according to the elements to be included as costs
and benefits. Wisconsin developed four categories of projects:

e Continuation of Rail Service -- Capital improvements are needed to

allow rail service to continue. Without the investment, all shipping
will have to move by truck.

o Improvements in Operating Speed -- Investment is needed to improve rail
speeds from current levels to faster service.

® Advance Capital -- Investment is needed now to avoid probable future
abandonment.

e Substitute Service -- Investment is needed in facilities to allow ship-
pers to use alternative modes to reach the nearest railhead not on the
branch.

The costs and benefits to be included in the analysis for each type of

project are listed in Table 5-1.

General Formulas for Computing Cost-Benefit Ratios and Net Present Value

The general formilas for computing cost-benefit ratios and net present
value are presented below. As indicated earlier, a cost-benefit ratio greater
than one means the gains outweigh the costs. The net present value is the

amount by which the benefits exceed the costs. Both wvalues are discounted
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Table 5-1 (continued)

Group 3 Projects -- "Advance Capital"

1. Benefits

a. The net difference in cost of providing rail service versus the cost of
trucking, but multiplied by the estimated probability of rail abandonment

in a given year. This 1s the same as Group 1 benefits, except for the
probability element.

b. Decreases in operating cost such as reduced cost of derailments, reduced
labor costs, reduced hotel and meal allowances, reduced fuel costs, and

reduced car line costs. This is the same as Group 2 benefits.

c. The discounted salvage value of the facilities at the end of the project
life.

Group 4 Projects -- Substitute Service

l. Benefits

a. The difference in cost of trucking to alternative railheads, (i.e., cost
before project minus cost after project)

b. Decreases in loading/unloading costs
2. Costs
a. Cost of team track facilities

b. Cost of transloaders
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over the life of the project to account for the fact that future income is
worth less than today's income. Both costs and benefits are discounted, as

can be seen in the formulas. The formula for benefit-cost ratio is:

n [ 1 A
z Bkj .
J= i (1 + 1i)J
BCRk =
- -
n 1
z C J .
J=1 I (1L + 1i)d
where
BCRyg = Dbenefit-cost ratio of project k
Bkj = Dbenefits from project k in year j
Ckj = costs of project k in year j
1
- = present worth discount factor at rate of discount i for jth year
(1+1)J
n
> = sum over n periods of years.
J:

The benefit-cost ratio, while extremely useful, is not the best way of
ranking projects that all have a positive ratio. This is because it is entire-
ly possible that a small project will have a very high benefit-cost ratio but
produce small dollar benefits, while other projects with lower ratios actually
produce more benefits for the same amount invested. Thus it is advisable to
calculate the net present value of each alternative, and rank them from the
highest net benefit to the lowest. Under a budget constraint, the projects
with the highest rank are chosen, until the available funds are exhausted.

The formula is:

where

NPVy = Net Present Value of project k.
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Example calculations using these formulas are included in Tables 5-
through 5-5, each one representing a different type project. These examples

are from the Wisconsin report.

Incremental Comparisons

In some cases, different alternatives for a particular project may consist
of incremental improvements to a line. For example, one alternative (Bo) may
be the minimum track work to retain service, with alternative Bj the additional
improvements to allow higher speed service. In such cases the benefits and
costs of the additional increment must be properly accounted for by substituting
the difference in benefits and the difference in costs into the formulas for the

benefit-cost ratio and net present value as follows:

Substitute (B; - Bg) for B,

where
By = Benefits of alternative being evaluated
Bg = Benefits of next lower cost alternative; and
Substitute (C; - Cg) for C,
where
Ci = Costs of alternative being evaluated
Co = Costs of next lower cost alternative.

In general, the alternative with the highest net present value should be
chosen, assuming all have cost-benefit ratios greater than one.

For rail freight service the cost-benefit approach presented here uses
trucking costs as the primary benchmark against which savings due to continuation
or improvement of rail service can be compared. However, the complete 1list

of alternatives evaluated should probably include:
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TABLE 5-3
EXAMPLE BENEFIT-COST COMPUTATION
FOR GROUP TWO PROJECTS

CLASS TWO REHABILITATION

BENEFITS COSTS
1 2 3 4 5 6 7 8
Class 2 6% Discounted Net Discounted
Year Efficiency Discount Class 2 Rehabilitation Rehabilitation Class 2 Class 2
Benefits Factor Benefits to Class 2 To Class 1 Rehabilitation Rehabilitation
(2) x (3) (5) - (6) 3) x ()
1 $205,120 0.94 $ 193,509 $550,514 $ 400,000 $ 150,514 $ 141,994
2 205,120 0.89 182,556 880,214 0 880,214 783,387
3 205,120 0.84 172,223 880,214 0 880,214 739,045
4 205,120 0.79 162,474 880,214 0 880,214 697,212
5 205,120 0.75 153,278 0 0 0
6 205,120 0.70 144,602 0 0 0
7 205,120 0.67 136,417 0 0 0
8 205,120 0.63 128,695 0 0 0
9 205,120 0.59 121,410 0 0 0
10 205,120 0.56 114,538 0 0 0
11 205,120 0.53 108,055 0 0 0
12 205,120 0.50 101,938 0 0 0
13 205,120 0.47 96,168 0 0 0
14 205,120 0.44 90,725 0 0 0
15 205,120 0.42 85,589 0 0 0
16 205,120 0.39 80.745 0 0 0
17 205,120 0.37 76,174 0 0 0
18 205,120 0.35 71,863 0 0 0
19 205,120 0.33 67,795 0 0 0
20 205,120 0.31 63,957 0 0 0
$2,352,710 $ 400,000 $2,791,156 $2,361,638
Salvage Value of Project

Addition to Value Due to Rehabilitation $ 590,410

Discount Factor at End of Project .312

Discounted Salvage Value $ 184,208

Benefit-Cost Ratio and Net Present Value

Discounted Efficiency Benefit $ 2,352,710

Discounted Salvage Value 184,208

Total Benefits $ 2,536,918

Discounted Rehabilitation $ 2,361,638

Total Costs $ 2,361,638

Benefit-Cost Ratio 1.07

Net Present Value $ 175,280







Salvage

Value of Project

Cur

rent Market Value

TABLE 5-4 (continued)

SUMMARY - GROUP 3

Addition to value Due to Rehabilitation

Total Salvage Value

Discount Factor At End of Project Life

Discounted Salvage Value

BENEFIT-COST RATIO AND NET PRESENT VALUE

Benefits

Discounted Efficiency Benefits

Dis

Costs

counted Salvage Value
Total Benefits

Initial Project Costs
Discounted Rehabilitation

Total Costs

Benefit-Cost Ratio

Net Present Value

-80-

$500,000
125,000
$625,000

.312
$195,000

$799,363
195,000
$994,363

$500,000
471,698
$971,698
1.02

$ 22,665






e not shipping -~ that is, closing the business,

e trucking inputs and outputs to and from the nearest transloading point
on the rail network, following abandonment, plus the cost of the line-
haul on the rail,

e Dpiggyback or container shipment, using trucks where most advantageous
to reach intermodal terminal locations, or deliver at the other end, or

e trucking inputs and outputs the entire length of the trip.

In recent years, regulatory reform in the trucking industry and new flexi-
bility for private carrier trucking have offered a wide range of rate discount-
ing and special contract opportunities. For that reason, firms specializing in
rates should be contacted to estimate the trucking cost alternatives for use
in this analysis, rather than relying on a simple model which may not reflect
the variation in rates now permitted. To account for the possibility that
some discount trucking rates may not be sustainable, sensitivity tests on the
benefits and costs of the rail alternative can be conducted using trucking
rates increased by ten percent, 20 percent, or more. If the viability of the
rail project is greatly improved by slight truck rate increases, it my be

worthwhile to investigate the trucking costs in greater detail.

COST-BENEFIT ANALYSIS OF RURAL INTERCITY BUS SERVICE

This section examines the costs and benefits of subsidizing rural inter-
city bus service. Many persons see benefits of rural service that are not
reflected in the revenues these services generate, and would therefore seek
subsidies to maintain rural and small town service. As in the case of rail
service, the justification for such subsidies needs to be examined, both in
a general sense and for any particular route or service.

A number of rationales have been advanced for supporting intercity bus
service in rural areas. One is that the overall welfare loss of bus users may
be greater if service is abandoned than the subsidy required to maintain the
service. Another is the possibility that if a bus service 1is abandoned, the

auto would be the only alternative available in rural areas. However, many
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Benefits include the consumer surplus of those currently using the servic

an amount equal to the price they pay to travel in time and bus fare. Exter-
nalities can be assumed as minimal in the rural case, as little traffic conges-
tion exists in rural areas, and the number of people currently using a parti-
cular service is quite small compared to the total number of travellers. Thus,
the other negative externalities associated with a switch to auto use would not
be significant when Eompared to the total auto use. With externalities assumed
not to enter the situation, and with the assumption that the bus is already
running, and the benefits are those associated with continuation of service,
the consumer surplus, time cost, and fare revenue can be defined.

The consumer surplus depends on the alternative form of transportation
that the user would face if the service was abandoned. If the only alternative
were the auto, which we will assume as the most likely and simple case, the
difference between auto travel time cost and operating cost and the bus trave.
time and fare are necessary to measure the consumer surplus. Two possibilitie
exist. One is the case in which some proportion of the current users are abl
to transfer to the private auto if service is abandoned. The second cas
assumes all users would be unable to make the trip if bus service were dis
counted. In terms of a general formula, the total benefit to users (consume

surplus and revenue paid) is:

TB = (1/2)(N)(Tp + Fp - Tg - Fp)

where
TB = the total benefit, i.e., the total now paid plus the additional value
to those travelling after abandonment
N = +the number of passengers using the service
Tp = the auto time cost
Fp = auto cost
Tg = Dbus time cost
Fg = bus fare
1l/2 = reflects the assumption that the demand curve is a straight line

between these two points, and the consumer surplus lost is only the
amount below the demand curve. This represents the case in which
there is no transfer to the auto.

84—



Alternatively, it can be assumed that a proportion of the current users
are able to transfer to the auto, paying the auto cost. In this case, if the
service were abandoned, trips made would fall but some proportion of the trips
would be made by auto. While those no longer making the trip would save on
time and fares no longer spent on the bus, they would lose a benefit equal to
their loss of consumer surplus. Those now using the auto would be paying
higher costs in total, possibly the sum of a lower time cost but a higher
"fare". They do however, retain their consumer surplus. In this case, the

total benefit is defined:

TB = (N)(T)(Tp + Fp - Tg - Fg) + (1/2)(N)(1-T)(Tp + Fp - Ty - Fp)

where T is the fraction of the total trips formerly made by bus now transferred

to the auto.
An additional benefit is the revenue to the bus operator. This benefit
would be lost in either case if the service were to be abandoned, and so repre-

sents a value of continuing the service. Revenue is calculated:

R = (N)(1 - T)(Fp)

where
N = ridership
T = proportion of trips transferable to the private auto
Fg = bus fare
R = fare revenue.

As for costs, the only cost that will be singled out after the netting of
time and fare costs already covered will be the operating expense to the bus
company for the service. In this example, we will use the average firm total
cost per bus-mile times the number of bus-miles operated providing that service.
However, data limitations in the example developed below have restricted this
analysis to use average cost values taken from state regulatory reports. Bus

operating costs are defined as
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BC = AC (BM)
where
BC = bus cost
AC = average total cost per bus-mile
BM = total annual bus-miles operated in the service wunder analysis.

Combining all of the above, the net benefit of continuing service is:

NB = (N)(T)(Ty + Fp - Tg - Fg) + (1/2)(N)(1-T)(Ty, + Fo - Tg - Fp)

+ (N)(1 - T)(Fg) - BC

This is the definition of net benefit that will be the basis for the fol-

lowing numerical example.

An Application of the Cost-Benefit Approach to Four Rural Bus Services

The costs and benefits defined in the previous section are applied tc
data for four rural bus services operated in the state of North Carolina ir
Table 5-6. The data used were developed as part of a general study of inter-

city bus service in that state, The North Carolina Intercity Bus Studyl, and,

with the exception of Total Operating Expenses (Scheduled Service), were avail-
able from the annual report of each firm to the North Carolina Utilities Com-
mission. Each of the four services is the total scheduled service provided by
that carrier, a fact which greatly facilitated the collection of these data,
as firms are not required to report revenues and expenses by route or schedule
in their annual report. Table 5-7 presents the maximum amount of information
about the bus service that can be gathered from secondary sources. Completely
absent is any information about the current users. All that is known is that
they take the specified number of trips at the fares and schedules shown,
giving one point on the demand curve. It is assumed that the demand curve 1is

a straight line passing through the price/demand point available from the

lFrederic D. Fravel. The North Carolina Intercity Bus Study. Prepared for
the Public Transportation Division, North Carolina Department of Transpor-
tation; 1978.
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Table 5-6 (continued)

CASE THREE: 5k.3 PERCENT OF CURRENT BUS USERS SWITCH TO AUTO, REMAINDER FORGO TRIPS
(USING LOW AUTO COST = $0.08 PER MILE)

Schedule 1 Schedule 2 Schedule 3A Schedule 3B Schedule 4
(including 1/2 hr. (excluding 1/2 hr.
bus wait time) bugs walt time)

Benefits (in dollars)

1. Valne of locs of benefit of
trip to those switching to 540 1,762 -17,050 10,912 2,153
auto after abandonment

2. Value of loss of benefit of 227 Th2 - 7,175 L,592 906
trip to those not traveling
after abandonment

3. Loss of revenue to bus company

a. Passenger 1,079 12,429 33,568 33,568 16,135
" el 2 B ER ERiTy En
Total Benefit 3,57k 65,493 11,268 50,997 37,836
Costs (in dollars)
1. Total bus operating expense -18,820 -51,788 -34,962 -3k,962 -45,359
Net Benefit (Annual) -15,246 +13,705 -23,694 +16,035 - 7,523

CASE FOUR: 5kL.3 PERCENT OF CURRENT BUS USERS SWITCH TO AUTO, REMAINDER FORGO TRIPS
(USING HIGH AUTO COST = $0.179 PER MILE)

Benefits (in dollars)

1. Value of loss of benefit of
trip to those switching to 1,701 15,107 19,232 47,194 19,575
auto after abandonment

2. Value of loss of benefit of 716 6,357 8,093 19,860 8,237
trip to those not traveling
after abandonment

3. Loss of revenue to bus company

a. Passenger 1,079 12,429 33,568 33,568 16,135
Total Benefit 5,224 84,453 62,818 102,547 62,589
Costs (in dollars)

1. Total bus operating expense -18,820 -51,788 -34,962 -34,962 -45,360
Net Benefit (Annual) -13,596 +32,665 +27,856 +67,585 17,230

-88-






data. A second point is chosen arbitrarily. For Cases 1 and 2, it is as:
that the second point is the sum of time and operating costs for auto.
these cases, it is assumed that if the bus service were to be abandoned, all
bus users would forego taking trips, as the price of the next most expensive
alternative, the auto, is too expensive. A number of bus operators suggested
during the course of the North Caorlina study that this was in fact the case,
and that only those persons with no alternative means of transportation now
ride rural buses. O;dinarily these could be called captive riders, and the
market inelastic, leading to the solution of raising fares until the service
was profitable. However, income restrictions on the users have been assumed
here so that all users in Cases 1 and 2 would cease taking trips if bus service
ended.

Cases 3 and 4 also require an arbitrary assumption about the demand curve.
Surveys of intercity bus users (not Jjust in rural areas) have been performed
in Michigan, Wisconsin, and Oregon, among other states. The Wisconsin studrl
asked bus riders whether or not they would be able to make the trip they we
on if bus service had not been available. Forty-five and seven-tenths perce
said no, they would not have travelled on that trip if the bus had not be...
available. In the absence of any bus user survey data from the services under
analysis in this example, it is assumed some 54.3 percent of bus users could
transfer to the private auto if bus service were abandoned to illustrate the
difference in net benefits if transfer to auto is possible.

Average travel time was developed from bus schedules, and was assumed the
same for auto travel, as the buses are travelling between small towns on the
same highways as the auto would. However, it was assumed that the bus user
would spend an additional half hour waiting at either end of the trip. It
would be logical to expand that notion and include the access and egress time
and operating costs, but no data were directly applicable to the kind of rural
service dealt with in this study.

Value of travel time was set at 25 percent of the Average Manufacturing
Hourly Wage for North Carolina, $4.10. It was assumed on the basis of the
hours of the schedules that no work or business trips were involved, and that
all bus users were trading leisure time for in-bus time. Leisure time was

valued at 25 percent of hourly wage, and value of time spent waiting was

lWisconsin Department of Transportation. Intercity Bus Transportation in Wis-
consin, Volume II, User Characteristics, December 1976.
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set at 50 percent of the hourly wage. Wait time was assumed the same for each
schedule and the value used as the cost was the same for each.

Costs of operating an automobile present a number of problems associated
with the question of whether or not the proper comparison is with the marginal
or total cost of auto operations. If one assumes that bus users would have to
purchase autos to travel if bus service was abandoned, then the barrier to
transfer is quite substantial. Two auto cost ranges are given to take account
of either the possibility that the tranferring bus user would consider only
the marginal costs such as fuel, oil, tolls, and parking, or would buy a new
compact automobile, and operate at an estimated cost of 17.9¢ per mile.

No effects were included for contributory revenues of bus passengers
changing to other services, or for the possibility that the labor and resources
saved by abandonment have no alternative use, i.e., no opportunity cost.

Each case is marked, and is essentially self-explanatory. Two estimates
were made for Schedule 3, one including the half-hour wait time cost, and the
other not, on the basis that the bus operates not from station to station only,
but picks up and delivers passengers all along its route, which is tailored to
the demand. That difference often makes an appreciable difference in the Net
Benefit.

Cases 1 and 2 face a different, lower, demand curve than Cases 3 and k4,
and so are not directly comparable. Still, it appears that the difference in
the two levels of auto cost have a greater effect on the outcome than did the
difference in demand assumptions.

As can be seen by examining the tables, the social benefits of Schedule
3B increase from -$15,167 to $43,988 when the assumed auto cost is raised from
$0.08/mile (Case 2) to $0.179 per mile (Case 1)). Yet the change in benefits
when one assumes that some of the riders will transfer to the private auto is
much less. Assuming the higher auto cost level, the benefits are $43,988 if
all current users no longer travel following discontinuation of the service;
and $67,585 if S5S4.3 percent of the users shift to autos and the remainder
forgo their trips. The increase in benefits is due to the increase in trans-
portation costs faced by those who must drive if bus service on this route is
ended.

Data for Schedule 3 was from the Virginia Dare Transportation Company ser-
vice between Norfolk, Virginia and Manteo, North Carolina. The majority of

the ridership on the route consisted of persons traveling on 10-ride commter
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tickets, picked up at flag stops, and then transported to work in the resta
rants and hotels of the beach resorts. The assumption of a minimal waiti _
time for the bus was seen to be more appropriate, and so the Schedule 3B
analysis was applied. Given the high auto cost estimate, benefits of $67,585
were seen as part of the justification for continuing UMTA Section 18 operating
assistance in the amount of approximately $70,000 per year.

Estimating The Benefits of Bus Service Using a Disutility Function

The Wisconsin Department of Transportation sponsored a study by the
University of Wisconsin-Milwaukee on the benefits of intercity bus service.l
This presentation of the model and its application are based directly on
the Wisconsin study. In this study, an indicator is developed to allow the
characteristics of alternative modes of transportation to be compared on a
similar basis. This is done by reducing the components of travel choice
into a disutility value. The disutility of a trip is a combination of its
time, cost, and convenience. For this project disutilities were calculated

as follows:

DUj g = IVigm + (C1)(OVijp) + (CTy5,/C2) + C3g

where

DUijm = The disutility of a trip between town i and town j using mode m
(measured in minutes)

Ivijm = The in-vehicle time using mode m between town 1 and town j

OVijm = The out-of-vehicle time between town i and town j using mode m

CTijm = The cost of travel between towns i and j using mode m

C1 = Out-of-vehicle time multiplier. This is used to represent the
inconvenience of waiting, etc. 1 minute of OV time = C; minutes
of IV time.

Co = The value of time, given in dollars/minute

C3p = The mode bias factor. This represents other negative aspects

associated with travel using mode m, such as discomfort, in
units of minutes

lEric R. Hansen, Edward A. Beimborn, et al. The Benefits of Intercity Bus
Service. Prepared by the University of Wisconsin-Milwaukee for the Wiscon-
sin Department of Transportation, October 1986, pp. 51-62.
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plus the disutility of the egress trip from the terminal to the destination

in city j. This is calculated as follows:
Bus service between i and J

Bus service between X and J

ABA = Aoi * Ajx * By t+ Ejg
where
DUB = Disutility of a bus trip between an origin in city i and a destina-
tion in city j.
ABRA = Disutility of an ABA using a terminal in town X.
Agi = Access disutility between origin and a terminal in town 1i.
Ajx = Disutility of travel between town i and town x.
BiJ = Bus service disutility between terminals.
Ejd = Egress disutility between terminal in destination city and final

destination.

The disutilities A, B, and E are each calculated by the formula at the begin-
ning of this section to include in-vehicle, out-of-vehicle, cost and mode bias
components.

The calculation of auto disutility is similar in that it also includes
local access components in the origin and destination cities. The all-auto
trip has three components of in-vehicle time (for local driving at the origin
city, for city to city travel and for local driving in the destination city),
and single out-of-vehicle time, cost and mode bias coefficients. The dis-

utility of an auto trip is as follows:
ADU = (IVoq + IVyjy - IVjq) + Cp (OVpi) + (CTpq/C2) + C3

The terms of this equation are the same as those given in the equation at the
beginning of the section. The disutility of an auto trip is further modified
to account for captive users. If a person is'a captive user (i.e., unable to
use an automobile), it is assumed that the disutility of the automobile portion

of the trip would double to account for the disutility of the person who drives
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the captive bus user to the destination or to the terminal. The disutility
the driver is double because only one-way trips from town i and to town J (auu
not the return trip) are considered.

The disutility of an auto trip is then its disutility as given above plus
the disutility multiplied by the percent captive users to represent these
second trips. Thus, since the cost of travel is still paid only once for a

vehicle, this is subtracted from this total. The disutility of an auto trip

is then:
DUA = ADUjj + (PC) (ADU;jj; - CTqq/C2)
where:
PC = The portion of users who cannot use an automobile for the trip
ADUiJ = The disutility of the auto trip between town 1 and town
CTog = The amount of pocket cost of the trip by auto between the origin

and destination

It should be noted that DUB and ABA are modified for captive users in a
similar way for the access and egress portions of the trip. That is, the
disutility of the access and egress portions of the trip are increased to
take trips by captive bus riders into account.

Disutilities are calculated for an all auto trip and an ABA trips and com-
pared to the disutility of the original bus trip to determine the disutility
savings of the intercity bus service. To the extent that disutility savings
can be regarded as a measure of benefits, this process allows an analysis of
the effects of various factors on the benefits of intercity bus service. The

savings in disutility (DUS) for an intercity bus trip is then:
DUA - DUB

DUS = Min
ABA - DUB

The disutility savings from the previous equations has to be greater than
zero for there to be any direct benefit of the intercity travel.

To extend this calculation to the route level, the disutility savings
mist be calculated for all stations along a bus route, multiplied by a popu-
lation weight and divided by the value of time to create the benefit index

for a particular intercity route:
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BI = (DUsk) (PwWy) (Cp)

where
BI = Benefit index
DUSy = Disutility savings of intercity bus at town k in minutes
Co = Value of time in cents per minute
PwWy = Population weight for station k. This is an indicator of the
activity of station k; ideally it is the number of boardings,
but could also be given as follows:
n
PWy =T (Py/ I Py)
k=1
with
T = Annual trips on the route
Py = Population of town k
n = Number of towns along the route.

This equation yields a number which represents the dollar equivalent of the
disutility savings for all users along an intercity bus route. It is referred
to as a benefit index rather than simply as the benefits of a service because
it does not include non~-user or freight benefits.

Non-user benefits, and the value of freight service should be separately
recognized when benefits of a service are being analyzed. Furthermore the
processs also has an inherent assumption that all travelers are willing to pay
for the trip by an alternative choice rather than to forgo the trip. The shape

for the demand curve would have to be known to adjust for this factor.

An Application to Two Rural Intercity Bus Routes in Wisconsin

Two intercity transit routes in Wisconsin were examined to apply the
model and to demonstrate its use as a means to calculate the relative benefits
of different intercity bus routes. The cases used were bus service between
Green Bay and Milwaukee via Plymouth, Wisconsin (Green Bay ~ Milwaukee) and

service between Ashland and Abbotsford, Wisconsin. Each route is served by

-97~-



one bus a day in each direction. The Milwaukee - Green Bay route has
tive service available relatively close by and is located in a popu
of the state. The Ashland Abbotsford service is isolated from other
and located in a sparsely populated part of the state.

A spreadsheet program was used to calculate the benefits index for these
two routes. A base case was developed using the following values for the
parameters required by the model. Auto travel 1is assumed to cost 25 cents
per mile with ave;age speeds of 25 mph for local travel and 50 mph between
cities. An auto cost of $0.25 per mile was used to represent average costs
rather than marginal costs in order to calculate benefits on a comparable
to bus where fares are related to average costs. Bus costs are 14.04
per mile (actual bus fare) and an average speed of 45 mph. Bus and auton
out-of-vehicle times are initially set at 15 and 5 minutes. For an all
trip, the total out of vehicle time is 5 minutes. For an ABA trip, there
total of 25 minutes out of vehicle time (5 minutes for auto access, 15 mi
for bus waiting and 5 minutes at the destination city spent waiting
connecting ride). The coefficients for the disutility equation are 3.0 mi
per minute for out-of-vehicle time multiplier (Cy), 8.33 cents/minute (§
hr.) for the value of time (C2) and bias coefficients of 20 minutes fo
and O minutes for auto (C3). A direct intercity bus or auto trip requi
one-mile local access trip and a 5-mile egress trip. The ABA trip rec
different access distances depending on the particular station and the loc
of the alternative bus route. Initially, it was assumed that 50 perce
the users had no automobile available for the trip and that the annual
ship was 1,000 users in each direction. It should be noted that thes
assumed ridership figures, and they represent very low passenger volumc. .
approximately three passengers per trip.

Using these values, the benefits for the Green Bay - Milwaukee route are
$3,727 or $1.86 per trip and $7,453 or $3.73 per trip for the Ashland to
Abbotsford route. The difference between the two routes relates primarily to the
fact that the Ashland - Abbotsford route is more isolated from other service
(an average of 35.6 miles) than the Green Bay - Milwaukee route (an average of
15.4 miles). This leads to a larger gap between disutilities of the modes
and hence a larger benefit index. This indicates the effect of the distance
to the nearest bus on the disutility calculation for a given station. If the
alternative station is remote, the size of the benefits index is large because

it depends upon auto travel rather than bus service. An additional factor which
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leads to a higher index for Ashland - Abbotsford is that the route is somewhat
longer (133 vs. 144 miles). Since disutilities are a function of distance,
this adds to the index for that route.

These results imply that the importance of a service depends not only on
the magnitude of the ridership but upon the relative isolation on the route.
Those routes which are the only service for a large but lightly populated area
would tend to have a larger benefit index on a per passenger basis than routes
in an area of more dense coverage. Accordingly, policies that relate to public
support of intercity bus service should be route specific and consider the
effects of alternative services. This analysis does not include a cost esti-
mation technique, but costs can be estimated using techniques presented in

Chapter 3, and compared to the benefits estimated using the disutility index.

SUMMARY

This chapter has presented two methods for performing cost-benefit analy-
ses; one dealing with capital projects, and the other with operating assistance.
Though the examples provided cover the rail freight and intercity bus modes, it
should be noted that cost-benefit analysis can be used for virtually any type
of project. The analysis does become a good deal more complex when external
costs and benefits are included in the analysis, particularly if they are not
normally valued in dollar amounts. Environmental factors, indirect employment
impacts, and other factors can add a great deal of detail and complexity to
the analysis; they have not been treated here at all. The cost-benefit analysis
says nothing about distributional questions. No comment is made regarding the
distribution of the benefits gained among all members of the population, only
the assumption that through costless transfer payments, everyone could be made
better off. The lack of distributional considerations may be a flaw in the
case of the analysis of bus service abandonment, since bus users as a group
tend to be economically much less well off than travelers in general. Similar-
ly, the cost-benefit analysis of rail service presented in this chapter has
not dealt with the Jjob impacts of rail abandonments and the possible distribu-
tional effects of job losses for particular groups or regions. These impacts
should also be considered in the analysis of public actions to improve or
maintain rural intercity services. Should . the type of project analysis pre-
sented in this chapter result in recommendations that are not clearly for or

against the project, external factors may need to be included.
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CHOOSING THE BEST INTERCITY SERVICES

In planning for intercity transportation services serving rural areas and
smll commnities, officials may initially be concerned that choices between
modes are being made without complete information as to which is the "best"
mode. Proponents of particular modal services usually are able to muster
statistics showing that their particular type of service is the safest, most
energy efficient, lowest cost, most environmentally sound, or otherwise bene-
ficial. ©Still, there are differences between the modes that should be taken
into account in the planning process.

Each of these modes has a niche in the transportation marketplace based
on its cost, its productivity, and the size, type, and density of the particular
market. If relationships between the technological characteristics of the
mode and the demand are ignored in the course of planning, the service is
likely to be unsuccessful no matter what the proponents of the mode would
like to have happen.

For these reasons, this chapter compares modes to provide an indication
of the type of situation in which a particular mode is likely to be most success-
ful. Public decision-makers -- including elected officials and planners --
should be aware of these differences early in the planning process, in order
to avoid developing alternatives that have no real chance of implementation.
One should be able to recognize a case in which a choice of modes is possible,
or where introducing a new mode may have effects on existing services. This
chapter is intended to assist in the early planning stages by providing a

framework for comparing the modes.
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PRODUCTIVITY MEASURES FOR ALTERNATIVE MODES

There are two factors to be balanced in the selection of the appropriate
mode: one is the market for the services that will be produced (and its
characteristics), and the other is the niche within which a particular mode
is most productive. To illustrate this latter point, productivity measures
often applied to air_service analysis have been calculated for intercity bus
and rail passenger service.

The measure chosen for this comparison is available seat-miles per hour.
Available seat-miles (ASM) was discussed in the analysis of short-haul airline
costs in Chapter 3. It represents the seating capacity of a particular vehicle
times the miles produced.‘ Dividing it by hours includes speed in the measure
of productivity. Table 6-1 presents some typical modal productivity measures
for intercity bus, regional airlines, and Amtrak 403(b) rail passenger service.
Using a measure such as this, larger and faster vehicles will always appear to
be more productive.

Cost is another factor which must be considered in productivity. Rather
than provide dollar figures as cost information, the ASM/hour measure for each
of the modes can be divided by the typical crew size to give an overall indi-
cation of output per crew member for each mode, assuming that operating costs
are directly related to crew size. As can be seen in Table 6-1, the required
crew sizes per vehicle vary by mode, and have a substantial impact.

In general, the rail passenger service with a minimum crew of four begins to
have the same productivity as the intercity bus when train length is at least
three cars, improving with additional cars up to the point where additional
crew members are required. If the analysis of demand indicates that rail rider-
ship will require that many seats per train, given an allowance for a load factor
of 60 percent, then both intercity bus and rail service should be included in
the analysis.

Comparing regional airliners and intercity bus, one notes that for the 19-
seat airliner, the productivity per crew member increases with distance of the
route, because the time spent in landing and takeoff decreases as a proportion
of total trip time, and the inherent speed advantage of the plane becomes more
apparent.

Another element of cost is capital cost. Obviously, the prices of aircraft,

buses, and locomotives and coaches vary considerably. Table 6-1 also presents
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some typical purchase prices for new equipment, along with the capital cost
per seat. Obviously, the bus is the cheapest, the train somewhat more expen-
sive, and the aircraft much more expensive. However, on an annualized basis
over the likely life of the vehicle, the differences will change somewhat as
the higher capital costs of the train and plane result in higher interest
costs, and their longer expected service life lowers their costs when compared

to the bus.

These comparisons indicate that each of the modes has particular advantages
in productivity that should be taken into account in the analysis. In general,
if the productivity of the bus is used as a baseline for comparison, the regional
airline is preferred over longer distance routes, or when frequency of service
is important. Rail passenger service requires a higher density of ridership
than bus service as the capacity advantage is only exploited when the projected
demand exceeds that which could be met by three or four intercity coaches over
the same route. Obviously, the critical task is matching the mode to the

characteristics and size of the demand.
DEMAND FACTORS TO BE INCLUDED IN MODAL COMPARISONS

For any matching of modes to markets to be successful, both the size and
the characteristics of the demand must be considered. Because of differences
in income, trip purpose, and modal preference on the part of users, decision-
makers must recognize that different modes serve particular segments of the
intercity travel market. The number of situations in which a choice mist be
made between supporting one mode versus another will be limited.

Table 6-2 presents user characteristics by mode, developed from national
statistics from the 1977 Census of Transportation. In general, bus passengers
tend to be young adults or senior citizens, to have lower income levels, and
to have less education than air or rail passengers. Table 6-3 shows trip
purpose by mode, and the major conclusion must be that most bus and rail travel
(except for the Northeast Corridor) is for non-business purposes, while almost
all business travel goes by air. Of course, the private auto is the over-
whelming choice of most travelers of all kinds. These two tables clearly
indicate that the intercity travel market is separated into business and non-
business componentse. Business travel moves by air or by auto (private or

rented) -- with a few exceptions -- because of the high value on travel time
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Table 6-3

USER CHARACTERISTICS, BY MODE
TOTAL TRAVELERS

Trip Purpose
(% Household Trips) Auto (b) Auto (c) Bus Rail Air

Visit Relatives

or Friends 35.69 18.72 23.62 36.02 22.02
Business 21.90 5.76 4.56 37.16 50.69
Convention 1.83 1.13 3.89 2.32 4.11
Outdoor Recreation 11.69 45.80 10.69 2.27 2.67
Entertainment 7.09 8.77 16.79 5.77 5.47
Sightseeing 3.77 9.08 13.85 4.49 4.73
Personal, Family, or
Medical Affairs 12.99 5.70 7.83 10.48 7.09
Shopping 0.82 0.24 0.80 0.36 0.06
Other 4.22 4.80 17.95 1.11 3.17
Round Trip Distance
(In Miles)
Mean 487 710 585 878 1845
Median 338 400 396 456 1586
% Destination

not in SMSA 45.70 61.65 29.62 10.12 13.11
Mean Number on Trip 1.8 2.2 1.2 1.3 1.2

Notes: (a) Auto/Truck Trips (Without Camping Equipment).
(b) Auto/Truck Trips (With Camping Equipment).
Source: Compiled from: U.S. Department of Commerce, Bureau of the

Census, 1977 Census of Transportation, National Travel Survey,
Travel During 1977, Report TC//-N-2, pp. 13-22.
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ponents related to the distance of the haul, the weight, size and

the product being shipped, the amount of handling it will require,

gility. Because of this, shipper decisions will hinge on rates and the
ar costs involved in transportation, rather than on any other kind of modal
ference.

The use of cost comparisons, as described in the cost-benefit analysis
for rail projects, is p}obably the most appropriate means of making this com-
parison. However, decision-makers will quickly realize that the rail market to
or from rural areas is largely confined to low-value bulk commodities, such as
coal, building materials, fertilizer, grain, and chemicals. High value, manu-
factured products are likely to be strictly truck markets, unless extremely
bulky. Trailer or container on flat car service is the means by which suct
higher-value products use the rail system. Since the pickup and delivery of
such items to intermodal terminals is by truck, rural branches will rarely be
involved in such shipments. Rather, the importance of the rural services ics
in the fact that agricultural and other natural resource-based inputs anc
products fall into the low-value, bulk commodity classes which are best movec
by rail. Such areas may find that assistance in maintaining low-cost rail

service may be justifiable.
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