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Issues in the Evaluation of Metropolitan
Transportation Alternatives

Melvyn D. Cheslow

This paper was prepared as part of a study by the Urban Institute to im-
prove the cost-estimation methods and evaluation procedures for the
Urban Mass Transportation Administration alternatives analysis process.
Several important issues related to evaluation of alternatives are dis-
cussed. They include problems and advantages of several analytical
evaluation techniques such as cost-benefit analysis, cost-effectiveness
analysis, and project scoring. Issues in evaluating user benefits are also
discussed. Much of the complexity in the evaluation of alternatives
comes from the different interests or groups that must be involved

and the differences between the federal and local viewpoints. This
paper is not a handbook on evaluation and assumes a basic knowledge
of analytical evaluation techniques.

The alternatives analysis process has been developed
by the Urban Mass Transportation Administration
(UMTA) for the evaluation of metropolitan transporta-
tion alternatives. In this process choices of preferred
alternatives are made at the local government level,
and decisions about providing financial grants are made
at the federal level. Evaluation of alternatives must
take place at several decision points during the staff
analyses and the public and governmental deliberations.
Because of the many groups involved and the variety of
issues that must be addressed during an evaluation of
alternatives, no single method of evaluation can be used.
Instead, the evaluation process must involve a variety
of procedures, each selected for the appropriate
decision.

This paper discusses several important general
issues concerning the evaluation process. Tt first
contrasts the two uses of evaluation: selection of the
most preferred alternative and determination of the
worthiness of the chosen alternative. This second use
concerns whether an investment is worth making. The
paper next discusses the various stages in the evaluation
process and compares the information needs of each
stage. The amount of information that must be con-
sidered should be reduced as the process moves toward
a final decision. This allows attention to be focused
on the better alternatives and more important attributes.
A section then discusses several common problems of
analytical evaluation procedures. For example, the
choice of an alternative when members of a community
have different goals and preferences imposes limitations
on a completely analytical evaluation process.

PURPOSES OF EVALUATION

The alternatives analysis process is required so that
UMTA can allocate a limited amount of capital grant
monies among a large number of metropolitan areas
that desire federal aid. UMTA must decide how to
apportion the aid so that the national welfare is most
improved. In UMTA's evaluation, investments in some
urban areas will appear to produce fewer benefits to

the nation than will investments in other areas. Be-
cause of the finite federal funds available, all areas that
desire aid will not receive it. Hence, UMTA must
determine the relative worthiness of each aid request.
Each metropolitan area will help UMTA by determining
its most preferred investments as part of the alternatives
analysis process so that UMTA can make appropriate
comparisons among areas that desire aid.

In a similar manner, the local governments in each
urban area must determine whether a transportation in-
vestment is worthy of local financial support. Because
of other demands for public funds as well as limitations
on the amount of tax revenues that can be raised, even
the best local transportation alternative may not prove
worthy of local public support. Hence, each urban area
should use the alternatives analysis process to determine
the worthiness of a selected transportation improvement
in terms of its cost and its abilily to contribute to the
attainment of the goals of the local area.

In order to find a worthy investment, the alternatives
analysis process requires an examination of several
alternatives and determination of the most desirable.
This process may not be clear cut because the alterna-
tive selected for funding must be judged worthy both by
the local government and by UMTA. One alternative
may not be best from the perspective of both of these
funding sources. This situation may occur because
either (a) alternatives may differ in the production of
national benefits that are not local benefits or (b) each
urban area will have differing local goals with respect
to which alternatives are selected, and all these local
goals will not be commensurate at the national level.

When a local area proceeds through the alternatives
analysis process by comparing alternatives and finding
the most preferred one, it has completed only part of
its responsibilities. Even the most-preferred alterna-
tive may not be worthy of investment. Doing nothing,
or making no new investments, may result in more local
or national net benefits than any of the investment alterna-
tives. For example, some alternatives may produce
large user benefits compared to their direct costs but
may also produce such extensive damage to the com-
munity through pollution or neighborhood disruption that
they are not desired by the whole urban area. Other
alternatives may produce a small amount of community
disruption (by going underground, for example) but pro-
duce direct user costs greater than user benefits. These
alternatives, too, will not be desired by the entire urban
area. Community values in some urban areas may be
such that no investment in expanding transportation
capacity will be worthy.

Although determination of the worthiness of a project
may not be easy, the local area must treat the issue
and should compare the best investment with no invest-
ment.

In summary, the evaluation of alternatives in the
alternatives analysis process has two purposes:

1. To select the most-preferred investment alterna-
tive with respect to local goals and

2. To determine the worthiness of the most-preferred
investment alternative for the local governments, for the
nation, and with respect to no new investment.

STAGES OF THE ALTERNATIVES
ANALYSIS EVALUATION
PROCESS

Evaluation within the alternatives analysis process pro-
ceeds from the analysis of the impacts and costs of
alternatives toward the final choice of a desired alterna-



tive (which may be the no-new-investment alternative).
The alternatives analysis process has several steps.
First, the local area carries out an analysis to demon-
strate to itself and to UMTA that there is a reasonable
chance that it will have a worthy investment. UMTA
then evaluates this analysis. Next, the local area
selects its most desirable alternative. Within this step,
several modifications to the alternatives may be con-
sidered as different community groups take part in the
evaluation. Following this stage, UMTA evaluates the
submissions from each local area and perhaps suggests
modifications to the procedures or the alternatives.

The local area may then revise a portion of the analysis.
Within this complex alternatives analysis process,
several evaluations take place. They are carried out by
local governments, local citizens, the urban area as a
whole, and UMTA. Each of these participants makes
choiceg in the alternatives analysis process. Each of
these evaluations occurs in three stages. In the first

stage, the information generated in the analyses is
brought together and organized so that it can be used
for decision making. From the multitude of data pro-
duced in the analyses, the measures important for a
given evaluation must be determined, based on such
criteria as relevance and accuracy. The measures
must provide useful information, necessary for UMTA
comparisons among areas, about the extent to which
local goals are met or about benefits and costs.

The second stage of evaluation reduces the number
of measures considered so that the information can be
processed in the human mind. (Psychological studies
have shown that there are limits to the number of attri-
butes that can be considered at one time in a decision-
making process.) This dimensionality reduction can in-
volve any of several analytical techniques to aid the
decision makers. Benefit-cost analysis and cost-
effectiveness analysis are two such techniques. None
of the techniques is foolproof in ensuring that correct
choices will be made. Since they all reduce the number
of measures under consideration in the final choice,
their use results in the loss of some of the information
originally presented. But, if no analytic dimensionality-
reduction procedures were used, then each decision
maker would rely on informal, mostly subjective, pro-
cesses that may be less orderly and hence more biased
than the analytical procedures.

The third stage of evaluation is the actual choice
process. In some cases, this process continues the
analytical procedures from the second stage, which
leads to selection of a single measure that is used to
choose among alternatives. More often, choice will
involve a judgment among a small number of alternatives
based on a few measures that cannot be combined in any
agreed-on analytic manner.

Organizing and Presenting Information:
Stage 1

The information to be evalualed should be selected on
the basis of relevance and accuracy. The chosen mea-
sures should indicate to each segment of the population
the impacts of each alternative. Unfortunately, if many
community groups have different values and concerns,
the quantity of data required would be enormous. More
importantly, the data may not be very accurate. Most
forecasting models available to transportation planners
are not sufficiently accurate to produce the detailed fore-
casts each group desires. Therefore, there must be
trade-offs made between the detail and accuracy of the
evaluation information. Furthermore, the number of
measures selected should be limited so that the various
participants are not overwhelmed by data that may be
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redundant, of marginal use, or difficult to understand.

The accuracy of the evaluation measures is different
from their precision. Current computer models can
estimate a value to 10 or more significant places but, if
the models or the input data are not absolutely correct,
the value would have little accuracy. In fact, the ac-
curacy can be as low as 1 or 2 significant digits (errors
of 100 percent or 10 percent, respectively). It is im-
portant to assess carefully the accuracy of the estimates
for each measure used in an evaluation to determine
whether the measure will discriminate among the
alternatives.

Some analysts have suggested that the accuracy of a
model may be much better in comparing the differences
among several alternatives than in making absolute
forecasts. However, the validity of this assertion de-
pends on the relative errors in the model parameters—
parameters for attributes that vary must be more ac-
curately estimated than those for attributes that do not
vary.

In presenting the evaluation measures, the informa-
tion should be understandable; that is, the measures
themselves should be meaningful to all participants.
Furthermore, at this stage all relevant, accuraie data
should be presented (along with notes about which im-
portant measures do not discriminate among alterna-
tives). If a particular group (geographically or socio-
economically different) has distinct concerns or values,
then an attempt should be made to present evaluation
measures important to that group. Federal officials
should generate their own list of evaluation measures
that local areas must respond to.

Reducing Dimensionality of the Evaluation

Measures: Stage 2

In order to make decisions from the large amount of
data provided in stage 1, most participants will reduce
the amount of information they consider, by use of a
variety of mechanisms. Many analytical processes are
available for reducing the number of measures (or
dimensions) for consideration; some, such as benefit-
cost analysis, allow the number of dimensions to be
reduced to one, thus making the choice process
straightforward. Other procedures only partially re-
duce the dimensionality.

Each urban area must decide the extent to which it
will rely on analytical procedures to lead to its deci-
sions. Some may use analytical approaches entirely,
without having different local interests trade off their
choices politically., Others may have each interest
group independently use analytical procedures to reach
its choice but allow bargaining among interests.
Finally, some areas may use these methods only to
reduce dimensionality and then use a subjective pro-
cedure for the choice process. Even if analytical pro-
cedures are not part of a formal evaluation process,
they may be useful for educational purposes; they will
improve understanding by the different groups of their
attribute valuations and trade-offs.

Severul valuable approaches exist for reducing
dimensionality; however, each has defects if it is used
single-mindedly. Each can introduce bias into the
evaluation process by omitting or misevaluating
some measures. Analysts and decision makers must
all be aware of the benefits and deficiencies of each
approach. A brief listing of various approaches is pre-
sented here. Four major analytical approaches are
currently used extensively in program evaluation:

1. Cost-benefit analysis,
2. Cost-effectiveness analysis,



Transportation Research Record 751

3. Scoring or rating methods, and
4. Reduced table of measures.

These approaches can be used not only for reducing
dimensionality but also, in principle, for the complete
evaluation process. Except for the reduced table of
measures, each approach can reduce the choice prob-
lem to comparison of a single measure for each alterna-
tive. Most participants in the evaluation process, how-
ever, will probably choose to use nonanalytical ap-
proaches to complete the decision process.

In addition to the four major analytical approaches,
several others provide ways to reduce the dimensionality
of the list of measures or to reduce the number of al-
ternatives being considered. These include the follow-
ing:

1. Trade-off analysis of attributes,

2. Threshold analysis (required minimum level of
attributes),

3. Comparison of pairs of alternatives,

4, Dominance analysis for attributes,

5. Stochastic dominance, and

6. Marginal analysis (setting two alternatives at
same level of selected attribute).

Decision and Choice: Stage 3

The actual decision by each participant in an evaluation
process involves the weighing of analytical and subjec-
tive information. Even when all information used is
generated by analytical tools, implicitly a subjective
decision has been made to omit nonanalytical input.

There are arguments for using only analytical mea-
sures to determine choice: consistency of approach
can be ascertained and comparability among many
decisions can be ensured. These arguments require
that each decision maker represent his or her values
analytically with respect to the various measures.

This includes his or her approach to uncertainty

(e.g., whether risks should be minimized, whether the
expected value of uncertain futures should be optimized,
or whether some other approach should be used).

Most evaluators probably find a totally analytical ap-
proach too restrictive and use subjective methods in

at least part of the evaluation process.

An important problem in carrying out an evaluation
is that of social choice. The problem exists when the
values of the members differ, so that different prefer-
ences for alternatives occur. In this situation, it is
necessary either for an arbitrary decision or for bar-
gaining to occur among the members. No analytical
procedure can represent both the preferences and the
intensity of preferences of the various interests.

Analytical procedures can be used advantageously
in this stage when choices are made by small groups
who have homogeneous interests. In some urban areas
the decisions may be made by this type of group, but the
requirements for citizen participation in the alternatives
analysis process will generally preclude this situation.

Analytical procedures are more important in stage
2 to reduce the list of evaluation measures to a small
number, which then must be appraised in the decision
stage. They are also useful in providing education
and insights to the participants about their evaluation
of the various measures. The extent to which analyti-
cal techniques can be used will vary with the urban
area and the types of goals and alternatives considered.

PROBLEMS OF EVALUATION

In order to choose between alternatives, each partici-

pant must determine which one is best. Where several
relevant measures are needed to describe an alterna-
tive's outcome, they must be combined in some fashion
for a choice to be made. In most decisions of limited
complexity this combination occurs subjectively. When
the problem is complex, analytical approaches are often
used as aids in combining measures and making a choice.
Every analytical evaluation procedure attempts to ac-
complish this combining process in one way or another.
Some of their common problems are discussed here.

Choosing a Common Valuation Basis

In order to compare alternatives with respect to several
different measures, an evaluator must somehow find a
common unit for all measures so that their impacts can
be combined. In day-to-day decisions, people do this
without realizing that they are doing so. For com-
plex situations, where several alternatives are involved,
subjective approaches are still often used. Analytical
approaches provide a useful alternative.

Some analytical evaluation procedures convert all
evaluation measures to a common unit. For example,
cost-benefit analysis uses a monetary unit. Common
scoring approaches give each measure a weight based
on its importance and give each alternative's outcome
for that measure a score. Then, all weighted scores
are added to arrive at a combined score for each
alternative. In these scoring approaches the common
unit is the unit weight. Cost-effectiveness analysis
selects a single measure (or small group of measures)
as being of primary importance and compares alterna-
tives with respect to this measure while costs are held
constant (or vice versa). In this approach all other
measures are determined to be of lesser importance.

Time streams of impacts are often simplified by
aggregating the information from several years. The
approach normally used for monetary measures is to
discount each year's values to an equivalent base-year
value or present value. Discounting could also be
used for nonmonetary, quantitative measures, such
as environmental impacts. The present value of
emissions or pollution-caused health effects could be
calculated.

Nonlinear Valuation Functions

All approaches that reduce the dimensionality of the
evaluation problem must determine valuations for the
full range of each measure. In other words they must
determine, for example, if one alternative has an impact
five times larger than another alternative for some
measure, whether the value of that impact is five times
larger for all levels of the measure. Most of the valu-
ation functions, including the monetary ones, used in
cost-benefit analysis do have the simple assumption of
a linear relationship between measure and value.
However, the possibility of more complex functions
should always be considered. For example, very large
pollution impacts might eventually cause extreme
societal effects whose value would not be simple extrap-
olations of the effects of low pollution levels. Hence,
the value of pollution impacts would increase faster
than would the level of the impacts.

Nonlinear valuation functions can be used in any of
the analytical evaluation procedures. In evaluation
approaches that do not determine a single valuation
unit, the analytical measures are in physical units and
any introduction of nonlinearities in the valuations is
done subjectively.
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Independence of Valuations

Most analytical evaluation processes omit any considera-
tion that the value of a measure can be influenced by the
level of a second measure. Hence the value of user
benefits would be unchanged by the level of environ-
mental impacts even to travelers who were affected by
the negative impacts. In other words, the valuations
are simply additive.

Both cost-benefit analyses and scoring functions can
incorporate interdependence of evaluation measures, in
principle. The valuation of one measure would be a
function of the levels of other measures. Although it
increases complexity, the analytical treatment of inter-
dependence should be considered if any of the analytical
approaches is used. Assumptions of independence of
evaluation measures is probably one major reason why
many simple analytical evaluation procedures yield re-
sults different from subjective evaluations.

Community Valuation of Alternatives

A problem with all dimensionality-reduction approaches
is that they may be used in a situation where many
interests are involved and each interest may have dif-
fering relative values for the evaluation measures.
Cost-benefit analysis essentially weights each interest
by its market power since the monetary value of mea-
sures is used in the evaluation. Altcrnatives to these
weightings are obvious and, in fact, can even be used
with cost-benefit analysis. The net monetary benefits
of each group can be weighted by some alternative
factor. Nash, Pearce, and Stanley describe approaches
to alter the market-power weightings (1).

Weighting the importance of various groups is also a
part of any scoring process. If all interests are aggre-
gated so that a single set of scores and weights is
used, then some implicit weighting of the interests is
assumed. If technical staff members of the planning
agency assign the values, then their assessment of the
importance or power of each interest is the basis of the
weightings. Alternatively, a more heterogeneous group
of community members can collectively determine the
weights and scores in an aggregate scoring approach.

If this group is representative of the total community,
then its agreed-on values will produce decisions that
may be more politically acceptable than those based on
the staff members' evaluations. Even in this case,
however, there is no easy way to ensure that the com-
munity participants are truly representative of all
interests.

An alternative to analytical combination of different
interests is to provide several calculations for the
chosen dimensionality-reduclion approach by using
weights for the various measures that different com-
munity groups have suggested or that the planning staff
estimates would represent the range of different groups.
These calculations would then be used by the planning
staff to determine preferred alternatives for each
actual or hypothetical group. The various community
interests would then negotiate a most-preferred alterna-
tive, perhaps by suggesting new compromise alterna-
tives.

Determination of Project Worthiness

Through use of any of the various analytical techniques
for dimensionality reduction, coupled if necessary with
negotiation by community groups, each urban area can
determine its most-desired alternative. Whether this
alternative is deemed worthy to the community (i.e |

preferred to the no-new-investment alternative) can be
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ascertained if the level and distribution of financial
impacts are accurately estimated.

A more difficult problem is determining the worthi-
ness of each area's best alternative to the nation as a
whole. UMTA will compare the evaluations prepared
by each urban area to make this decision. It will be
easier for UMTA to compare the proposed investments
if each area performs an evaluation in such a way that
it can be used to determine national worthiness. No
evaluation technique is trouble-free for this determina-
tion, but cost-benefit analysis is the only one that at-
tempts to value total benefits and total costs in units
that are comparable across urban areas (i.e., dollars).
Since UMTA has a limited amount of grant money for
each year, the highest net benefit for that level of
funding can be determined with cost-benefit analysis by
comparing the ratio of discounted benefits to discounted
cosis for each allernative and selecting the projecis
that have the highest ratios until the budget limit is
reached.

MAJOR APPROACHES TO DIMEN-

SIONALITY REDUCTION

All of the primary evaluation approaches can be used
for dimensionality reduction and for the choice of the
preferred alternative. The techniques have been dis-
cussed in great detail in other sources. The purpose
of this section is to present some of the problems en-
tailed in the use of each of the analytical techniques.
However, as mentioned above, the decision to use
none of these techniques also involves problems, since

judgments are not error free.

Cost- Benefit Analysis

Cost-benefit analysis provides a methodology for assess-
ing both the most-preferred alternatives and the worthi-
ness of investments. It transforms all impacts into
monetary values by use of various techniques, some of
which are complex, controversial, or both.

The major problems in using cost-benefit analysis
stem from valuing impact measures that cannot be
bought or sold in the private market. In some cases,
calculations or experiments can be carried out to find
these valuations. For example, monetary values of the
effect of noise have been estimated from statistical analy-
sis of land values for areas both near and far from
noise sources. However, some researchers have
argued that this economic approach does not really
value the physiological or psychological impacts, while
economists argue among themselves whether the eco-
nomic valuation has been accomplished correctly.

There are also problems about valuing qualitative
impacts like aesthetics. These impacts are generally
omitted since they are often small (it is thought) com-
pared with the more easily quantified measures.

A greater problem comes from valuing potentially
large, abstract impacts, such as changes in urban form.
In principle, the economic impacts of various forms
could be estimated (e.g., employment, consumption,
income, costs of services, and travel). But, in prac-
tice, current models cannot measure these impacts
accurately for the marginal differences most transpor-
tation alternatives will make in urban form. The non-
economic differences of various urban forms (such as
the psychological and social effects of living at high or
low densities) are, of course, even more difficult to
express in monetary terms. The difficulty in valuing
these types of impacts for cost-benefit analysis exists
for almost all the analytical approaches to dimensionality
reduction. If any trade-offs can be made between the
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values of the qualitative impacts and those of the easily
quantified impacts, then some attempt can be made to
calculate the values of the qualitative impacts in mone-
tary terms.

The major advantage of cost-benefit analysis is
that it allows the worthiness of alternatives to be deter-
mined because all the benefits can be directly compared
with the costs in identical units. Hence, whether the
benefits are worth more than the costs can be ascer-
tained. Other approaches for converting benefits and
costs into similar units exist (i.e., direct assessment
of utilities) but do not allow comparability between
evaluations in different areas as does cost-benefit
analysis.

In some cases, an urban area may find it advan-
tageous to use cost-benefit analysis to determine the
worthiness of a selected alternative but rely on other
approaches to choose the most-preferred investment.
This comparative evaluation of alternatives can include
relevant nonmonetary or qualitative measures, while
the worthiness analysis would be limited to monetary
values. It is useful to distinguish between this use of
cost-benefit analysis and the more common use in
economics, where it is the only evaluation tool. The
limited use can be called net-monetarized-benefit
analysis since benefits are expressed only in mone-
tary terms.

Cost-Effectiveness Analysis

In some situations there are only one or two measures
of impacts that are important in the evaluation of alterna-
tives. For example, some engineering or defense prob-
lems use cost-effectiveness analysis in which the single
measure of effectiveness of each alternative is com-
pared with its costs. Cost-effectiveness ratios are
calculations or points plotted on a graph of cost and
effectiveness values. When more than one impact mea-
sure is of importance, they must be combined in some
way or a multidimensional comparison must be made.

In the former case, all the problems of other dimen-
sionality-reduction approaches apply. In the latter
case, the dimensionality of the evaluation process is

not reduced. In some evaluations, cost-effectiveness
ratios are calculated for several important measures,
and these ratios are used as the main information
source for decison making instead of the simple or
unitary measures from which the ratios are derived.

It is relatively easy to double-count impacts when ratios
are presented. Hence, it is probably preferable to use
only the unitary measures when several measures must
be considered.

Scoring Methods

Scoring methods are used to rate or score different
alternatives with respect to each of the important
evaluation measures. Each measure is given a weight,
and each alternative is scored with respect to the
measure. Then, the weighted scores are summed to
give a total score. These approaches are popular with
transportation planners because of their ease of use
and relative simplicity in concept. There are, however,
several problems with their use that make them no less
troublesome than cost-benefit analysis.

Since there are no rules for selecting the measures
to use, several measures may be used that represent
the same impacts. For example, the use of transit
ridership, travel time savings, and reduced automobile
use will double (or triple) count any benefits from
switching automobile users to transit. When each of
these measures is given some importance weight,

there is the possibility that these benefits can be given
greater total importance in the evaluation than is in-
tended.

The evaluation can be biased toward a particular
alternative by including several measures for which
the alternative excels. These measures may be double
counting the same benefit or just be cleverly selected
for the desired outcome. This problem can exist with
any evaluation technique, either analytical or subjective,
but must be especially recognized for scoring methods
because of their simplicity of use.

It has been found in some uses of scoring that the
weights given various evaluation measures depend on
the alternatives being considered. Hence, elimination
or introduction of an alternative can change the weights
and hence the scores of all alternatives. Countering
this condition is not easy and probably should not be
carried out, but recognition of the situation is impor-
tant.

Nonlinear scoring functions are sometimes prefer-
able to the simple linear ones that are commonly used.
The score or valuation for a measure in this case is not
simply proportional to the physical or measured level.

A complex, nonlinear scoring approach that has found
some use in aiding business decisions is direct assess-
ment of utilities. In this case the physical measures
are converted to utility values by interviewing decision
makers and assessing their utility valuations. They
are aided in understanding their valuations by analysts
who help them develop nonlinear transformations of
measures to utilities. This approach is generally not
recommended in the alternatives analysis process be-
cause of the large number of interests that must take
part in the various decisions.

Reduced Table of Measures

This approach relies on unitary evaluation measures
but selects a small set of them as being of major im-
portance. This set of measures should number less
than six or eight per alternative in order for each
evaluator to assimilate the information. The problem
with this approach is, of course, that someoune has to
select the most-important measures and can bias the
final results in so doing. If this approach is used, it
would probably be beneficial to select different reduced
sets of measures for different interests. In particular,
geography-specific impacts should be presented to the
representatives of each jurisdiction or subarea.
Evaluators choose the preferred alternative from
the reduced table of measures by using their judgment.
Hence, this is not actually an analytical evaluation
procedure. Analytical measures are presented, but no
calculations are made for either reducing or combining
the variety of measures. To aid in reducing the number
of measures, techniges that can be called partial ap-
proaches to dimensionality reduction can be used.

PARTIAL APPROACHES TO DIMEN-
SIONALITY REDUCTION

It will often be possible to analytically combine or dis-
card some evaluation measures even when analytical
approaches to dimensionality reduction are not used on
all measures. Trade-off analysis can aid in this effort.
Other analytical approaches can allow some alternatives
to be eliminated when compared with others.

Trade-Off Analysis of Attributes

Two attributes that are not commensurable can some-
times be made so by using trade-off analysis. Instead



of trying to value attributes in an abstract valuation
unit such as utility, this approach essentially values
one measure in terms of another. However, it is
necessary either to elicit from evaluators their judg-
ments about the trade-offs or to have staff members
develop the trade-offs. The result is a graph or func-
tion, often nonlinear, that relates the value of one
measure in terms of another. The process of trading
off can sometimes allow the various interests to see
that one or more evaluation measures is insignificant
compared with others. Another possibility is that the
approach will provide information that will be used in
the subjective decision making of stage 3.

Threshold Analysis

One approach to reducing information assimilation re-
quirements is to use thresholds. For each evaluation
measure, a minimum (or maximum) acceptable level is
set and then each alternative is given a plus, a zero,

or a minus, depending on how it meets the minimum
requirements. Often, no alternative meets all of the
minimum requirements. Hence, the systematic use

of this approach may eliminate all alternatives. In
this case, a negotiation of new threshold levels must
be carried out. A variation of the approach records
the pluses and zeros but uses them only to aid the
subjective decision making and not to eliminate alterna-
tives. In some cases, thresholds may be used just for
a subset of the evaluation measures, for example, en-
vironmental measures that have mandated threshold
values.

Comparison of Pairs of Alternatives

The large amount of data provided to evaluators can
sometimes be made less imposing by presenting in-
formation about only two alternatives at a time. It is
much easier to assimilate this smaller information set
because some evaluation measures will be considered
unimportant in each pair of comparisons. The same
measures generally will not be deleted in all compari-
sons and hence could not be omitted in a more compre-
hensive evaluation process. Therefore, by use of the
comparisons of pairs of alternatives a simplification
is allowed that could not be introduced if all alternatives
were compared together.

To ensure that potential compromise alternatives
are not discarded early in the evaluation process,
evaluators may want to use each alternative in more
than one pair of comparisons.

Dominance Analysis

In carrying out a comparison of pairs of alternatives, it
is sometimes possible to find an alternative that is ob-
viously better than another one for every evaluation mea-
sure. The first alternative is then said to dominate the
second, and the latter can be eliminated from the set of
alternatives that must be considered. This approach
will seldom be useful in practice, especially when
several interests have contributed their own evaluation
measures.

Stochastic Dominance

A variation of dominance analysis can be used if the in-
accuracy and uncertainty of the forecasted values for
many evaluation measures are taken into account. The
uncertainty about the levels for some impacts or costs
may be so great that some or all of the alternatives are
not significantly different for those measures. 1If one
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alternative dominates another for all measures except
those where uncertainty leads to insignificant differences,
it is said to have stochastic dominance. For example,
the patronage and pollution impacts of two alternatives
may not be statistically different but the second, for
example, is significantly better than the first in costs
and all other measures. Then the second alternative
stochastically dominates the first. If an area can esti-
mate the accuracy and uncertainty of its many cost and
impact forecasts, it may find stochastic dominance to
be a useful tool in reducing the number of alternatives.

Marginal Analysis

It is sometimes useful to modify a particular alternative
so that one or more of its attributes is made similar to
those of another alternative. This may make it easier
to determine which is preferred. For example, if a

bus alternative and a rail alternative are being evaluated,
the service levels of the bus could be set equal to that

of rail and then all the other impacts could be compared,
or the rail alternative could be analyzed with the number
of cars and trains reduced so that the service levels
were similar to common bus service. These two new
alternatives would allow evaluators to determine
whether the changed measure (level of service) was a
major factor in the different impacts of the two original
alternatives or whether other differences between rail
and bus were more important.

VALUING TRAVELER BENEFITS

Probably the most important element in evaluating
transportation alternatives is determining the value of
benefits to the alternatives' users. These benefits
must be large enough to be considered worthy of the
projects' costs since they are generally the main rea-
son for making the transportation improvement.

There are various classes of travelers, all of whom
must be considered in valuing total benefits. There
are, first of all, the travelers who do not change their
travel choices when a particular investment is made.
These include those who use the mode being improved
as well as those not directly affected by the investment.
Then there are travelers who change modes or destina-
tions due to the transportation improvement. Finally
there are new trips that are made because of the changed
transportation situation.

An original user of the improved mode generally re-
ceives a greater benefit than a traveler in any other
group. Travelers who shift modes or destinations receive
less benefits because at least some of the improvement
produced no benefits to them. For example, if bus ser-
vice were improved by a small amount, only a few (if
any) automobile users might change modes. A larger
improvement would bring about an additional number of
mode shifts. Travelers in this second group of shifters
receive no benefits from the smaller improvement since
it does not convince them to change modes. Those who
make a new trip due to an investment arc similar to the
shifters in that they do not all benefit from the full im-
provement. Finally, travelers on the unimproved
modes may not benefit at all from investments in other
modes or they may benefit from some congestion relief.

Some confusion and controversy have surrounded
this issue of user benefits because several current
methods of valuing the benefits can yield differing re-
sults for the same project. These various methods
exist because of a variety of definitions of what the bene-
fits actually are. An extensive literature on the subject
of user benefits has produced no agreement on the cor-
rect definition of user benefits and hence on how to value
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the benefits. Since there is no single accepted approach,
this paper will not recommend one (although my pref-
erence may be clear). However, it will point out some
of the different definitions of benefits that are being
used. It is important that each alternatives analysis
report document the approach it is using to value user
benefits and use it consistently.

Some of the several definitions of user benefits are
the following:

Travel time savings,

Generalized cost savings,

Total net revenues,

Consumer surplus,

Trips by a preferred mode, and

. Measure of service available as a surrogate
for user benefit.

DO WD =

Each of these is discussed briefly below. One source
of a more extensive discussion is the article by Haney
(2). However, there is no good documentation for the
planner or engineer who'is not well grounded in eco-
nomics.

Travel Time Savings

Probably the most common measure of user benefits
for urban transportation investments in the United States
is travel time savings. The time savings of all trav-
elers are added together to produce an aggregate indica-
tor of total user benefits. It is common in highway in-
vestment analysis to use this measure and to omit any
consideration of induced travel (e.g., trips made only
because of highway improvement). With transit invest-
ments, the benefits to travelers diverted from other
modes are also included, even if induced travel is
omitted.

Haney has shown that the use of travel time savings
as a benefit measure may produce useless results when
modal changes take place (g). For example, if a new
system is introduced that is slower but cheaper than a
competitive mode, modal shifts can occur, but the
shifters will experience a travel time loss on the slower
mode—hardly a benefit. The problem occurs because
travel time is not a comprehensive enough measure of
user benefits. Some benefits may occur from user cost
savings or from greater comfort or convenience.

If all alternatives being examined would be attractive
to users primarily because of their (door-to-door)
speed, then evaluators may be able to get by with using
only travel time savings. Even in this case, they must
consider the fact that all time savings are not valued the
same., Experiments have shown that very small savings
(a few minutes or less per trip) are not valued as greatly
as large time savings that can be put to another use.
Hence, the use of a constant value of time may be too
simplified an approach. I say may be because neither
a single value nor a more complex valuation function is
consistent with the demand model that produced the
patronage estimates. This lack of consistency is what
caused the problem Haney discussed, and the use of a
more complex value of the time function will not solve
it.

Some researchers have pointed out that the travel
time savings do not actually occur but are converted
into additional trips or longer trips to more preferred
destinations. In other words, the experiments that
control for trip destination and frequency overestimate
the time savings from an improvement. The benefits
from the changed travel patterns are more difficult to
measure.

Generalized Cost Savings

When transportation alternatives that have both travel
time and travel cost differences are being considered,

an attractive approach for valuing user benefits is the

use of a concept called generalized cost. A generalized
cost is a weighted sum of all the costs, travel impedances,
and discomforts of an alternative. Usually only travel
time and monetary travel costs are included, with the
travel time weighted by the value of time and added to

the monetary costs. This measure of user benefit is
more complete than the travel time savings alone.

It has been shown recently that even the use of
generalized costs can produce results inconsistent with
the demand forecasts. The demonstration involves
complex algebra but shows that adding the benefits of
several travelers must be done with a function that is
consistent with and related to the demand model. For
example, if a modal choice model is used that is a func-
tion only of the ratios of generalized costs (or travel
impedances), then a linear summing of the generalized
costs for each traveler will produce a consistent esti-
mate of benefits; this approach was used frequently in
the past. However, if a modal choice model of the logit
form is used, a more complex function (called the
log sum) must be used to consistently add up benefits.

The problem becomes more complex if a transpor-
tation investment produces changes in destination or
trip frequency. Then the benefit valuation should take
these into account also. Formulas can be derived, for
example, that would be consistent with a logit modal
choice model and a gravity model of destination choice
or of any other model mixture. If these more complex
forms are used, the generalized cost becomes a function
of the travel impedance (or disutility) terms in all the
relevant models.

The more complex forms of the generalized costs
have not been used in any operational setting due to their
conceptual and algebraic difficulties. However, the
simpler forms may produce inconsistent results by in-
dicating that travelers suffer disadvantages when they
switch modes after a modal improvement.

Total Revenues

Another approach that is used to estimate user benefits
is to suggest that a traveler's value of benefits can be
estimated by his or her willingness to pay for the bene-
fits. If he or she would pay very little for, say, a savings
in travel time, then his or her valuation of the time must
be low. A simplistic way of using this approach is to
use the traveler's actual payment to represent his or
her willingness to pay. This is wrong on two counts.
First, there is the practical problem that improving
travel time without raising fares would produce no bene-
fits with this approach. More importantly, the revenues
paid almost always underestimate the real benefits since
most users of a facility would pay more than they are
charged. (Those who would pay less than the fare are
not users.)

Changes in Consumer Surplus

An approach exists for valuing the willingness to pay:
it uses a concept called consumer surplus, which is the
additional value a consumer receives over the price he
or she pays for goods or services. It is derived from
the demand model and, hence, is always consistent
with the ridership predictions.

Consumer surplus calculations have not generally
been used to analyze urban transportation investments



in this country for several reasons. First, since it is
consistent with the demand model, it will value higher
the benefits to more affluent travelers—they have a
greater willingness to pay. (This occurs only if the
demand model includes income as a variable. Some
mode-choice models and most destination-choice
models are independent of income.) Second, there are
many technical arguments about the correct way to
measure consumer surplus. For example, it will vary
depending on the pricing policy used. A transit sys-
tem that breaks even in the fare box will have different
user benefits (as well as costs) from one that is partly
subsidized. Further, some analysts have pointed out
that the user of consumer surplus benefits will make
subsidized public-sector investments appear more
desirable than private-sector investments that are de-
signed so that revenues cover costs. Hence, they
suggest a more conservative measure of user benefit
to be used.

The more complex generalized cost approach dis-
cussed above is similar to the consumer surplus mea-
sure since both are consistent with the demand model.
However, the benefits calculated from the two ap-
proaches may not be the same.

Trips by a Preferred Mode

When a transit service is being proposed, it often may
be thought that the more transit riders, the better. But,
we cannot accept for the alternatives analysis that one
mode or type of mode is inherently better than another.
This is what the analysis has to demonstrate. Hence,
simple ridership counts on some modes are not an ac-
ceptable measure of user benefits. A further problem
with this approach is that it values all trips on the mode
equally—those by the original users and those diverted
and induced, which is not correct.

Measure of Service as a Surrogate

Due to the confusion and complexity some evaluators
find with the various user-benefit measures, they oc-
casionally decide not to use any of them and to rely,
instead, on a measure of transportation service, such
ag highway lane kilometers, bus kilometers, or seat
kilometers. The greater the level of service, the
greater is the implied user benefit. This approach is
not satisfactory because it cannot discriminate between
alternatives that travelers would use and ones that they
would not. A system operated in areas of low popula-
tion density or where good competitive service already
exists will not attract as many riders nor provide as
many user benefits as a better-placed alternative.

The evaluation must assess which alternative actually
benefits users more.
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CONCLUSIONS

The evaluation of urban transportation alternatives is a
complex undertaking that involves several local and
federal interests. The local evaluations must include
a consideration of the worthiness of the preferred al-
ternative so that UMTA can choose among the several
projects that are competing for federal funds. No
analytical procedure is foolproof as a tool for the local
evaluation, but the total reliance on subjectivity (judg-
ment) precludes UMTA from comparing the various
evaluations prepared by the several competing local
areas.

A recommended evaluation process would combine
both analytic and subjective decision-making techniques.
One way to carry this out would be to use the following
procedure:

Step 1—staff and community selection of alternatives,

Step 2—staff development of information (analytical),

Step 3—community and local government reduction of
dimensionality (analytical and nonanalytical),

Step 4—repetition of step 2 with more precision,

Step 5—repetition of step 3,

Step 6—staff determination of worthiness of remain-
ing alternatives (analytical), and

Step T—choice of preferred worthy alternative (non-
analytical, requires bargaining among community
members).
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Analysis of Downtown People Mover
Systems by Using the DPM

Simulation Model

Thomas Dooley

Downtown people movers (DPMs), a class of automated transit system
that operates on exclusive guideways, are being considered by many
cities as a possible solution to their circulation and distribution problems.
This paper describes how a discrete event-simulation model developed

by the Transportation Systems Center can be used in the planning and
design of DPM systems. The paper identifies the variables that can be
studied and that affect system ridership, cost, and performance by the
model. The key inputs, the modeling functions, and outputs of the model
are discussed in the context of an example, the 1990 Los Angeles DPM
system. Use of the model to determine the feasible combinations of
fleet size, vehicle capacity, and operating headway to meet the Los
Angeles DPM system performance goals for the year 2000 is discussed.
Finally, the use of the model to examine the effects of a vehicle failure
on passenger service and system operation and to evaluate three algo-
rithms for system recovery is illustrated.

Downtown people mover (DPM) systems are a subset of
automated guideway transit (AGT) systems, a class of
transportation system that is characterized by unmanned
vehicles operated on fixed exclusive guideways. The
first generation of DPMs will consist largely of elevated
systems in which proven technologies are deployed in
central business districts (CBDs) and adjacent areas of
larger U.S. cities.

As part of its program for transportation planning
support to urban areas, the Urban Mass Transportation
Administration (UMTA) has sponsored the development
of special demand and supply analysis techniques. The
Downtown People Mover Simulation (DPMS) model was
developed to provide a tool for planners and designers:

1. To determine the sensitivity of system perfor-
mance to the range of AGT design parameters (such as
capacity, speed, and safe headway) and to variations in
the magnitude and spatial distribution of demand;

2. To determine potential system bottlenecks created
by the dynamic interaction of demand and service;

3. To examine the impact on service of infrastruc-
ture decisions that affect system operation, such as sta-
tion size or guideway curvature;

4. To determine the effect of anomalies such as de-
mand surges or equipment failures on passenger ser-
vice; and

5. To examine a variety of system operating strat-
egies.,

THE DPM PLANNING AND DESIGN
PROCESS

The planning process examines the feasibility of DPM in
comparison with other modes by determining the rider-
ship of alternative route alignments, station locations,
and intermodal concepts together with the trip-making
characteristics of the deployment area.

The DPMS model provides a tool for the linking of the
planning process and the design process. Figure 1 il-
lustrates this concept. The design process defines the
detailed system characteristics that will provide the
level of service that was assumed in the demand estima-
tion and planning process. Hence, the system designer
takes the guideway layout, which includes station loca-

tions and the distances between stations, and the base-
line station-to-station demand matrix as given. System
service characteristics used in the planning process,
such as headways and travel times, represent con-
straints.

The system designer incorporates network constraints
and demand profile assumptions into the scenario rep-
resentation. Sets of system operating and hardware
characteristics that affect the baseline service charac-
teristics are defined, Table 1 lists the scenario and de-
sign variables that can be manipulated by the DPMS and
the corresponding service characteristic variables that
are model outputs or can be derived from model outputs.
Sensitivity analysis should be performed in the areas
shown in Figure 1. These include network constraints,
demand projections, alternative system characteristics,
and anomaly analysis. The final products of the design
process include the sensitivity of service characteristics
to system variables, the cost impacts of system varia-
bles, and the performance specifications. The variables
addressed by the DPMS that affect cost and performance
specifications are also shown in Table 1. The design
variables used as model inputs will be discussed later
in the context of the Los Angeles DPM example.

By use of the simulation input variables defined in
Table 1, the system designer conducts a series of simu-
lation experiments. The simulation model represents
the movement of the vehicles on the guideway. Safe
headway separation is maintained according to defined
vehicle control strategies. Vehicles travel along pre-
defined routes. The vehicles are dispatched from the
stations according to the route headways and dispatch
algorithms specified. Passengers arrive at their origin
station at the time defined in the trip list and enter a
boarding queue. When the simulated vehicle arrives,
passengers deboard if the particular station is their
destination and board if the vehicle has sufficient space
and is headed toward their destination station. The
model records the time at which individual passengers
deboard and board all vehicles. The model keeps track
of the current occupancy and time integral of occupancy
for all passengers at each station and on each vehicle
and for all vehicles at each station, on each link, and on
each route of the network.

At user-specified intervals, samples are collected
on passenger- and vehicle~related statistics. These
sample statistics are reported at periodic intervals dur-
ing the simulation process and stored for analysis dur-
ing the output processing stage. The model also records
statistics on each completed trip. During the output pro-
cessing phase, the statistics of interest are displayed
in a variety of ways, depending on user requirements.
Three major types of reports can be generated: (a) a
standard summary report; (b) time-series plots, histo-
grams, summaries, or lists of sample values of key
variables; or (¢) station-to-station matrices for key
travel time statistics.

A complete description of the model is provided in
the DPMS program writeup (1). A computer-animated
film has also been developed to illustrate the model's
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key features. Both of these documentation sources are
available from the Transportation Systems Center (TSC)
of the U.S. Department of Transportation.

Figure 1. DPM planning and design process.
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THE DPM MODELING PROCESS: THE
LOS ANGELES DPM EXAMPLE

This section describes the modeling of the baseline Los
Angeles DPM system., Variables that describe the Los
Angeles DPM were supplied by the Los Angeles Com-
munity Redevelopment Agency. The variables were con-
verted by TSC to DPMS inputs to model the Los Angeles
baseline design. The Los Angeles DPM case studies are
included in this paper to illustrate the use of the model.

Network Modeling

Network connectivity is modeled in the DPMS by a set of
unidirectional links that are defined by in-nodes and out-
nodes. The nodes are numbered, and contiguous links
are defined by common node numbers. Since DPMS
represents the actual movement of vehicles through de-
fined physical areas, stations are also represented by
unidirectional links. Figure 2 shows the DPMS repre-
sentation of the Los Angeles DPM network.

In addition to the connectivity, the guideway links are
defined by the following parameters: length (m), ca-
pacity (vehicles), average speed (m/s), nominal travel
time (s), and minimum safe headway (s). The two most
important variables for simulation are the nominal
travel time and the minimum safe headway. These var-
iables are used to schedule the completion of events in a
vehicle's traversal of the guideway link. The minimum
safe headway defines the time during which no other
trains may enter a link. The nominal travel time de-
fines the time required to complete the link travel event.
If a train cannot enter a link due to capacity, headway,
or failure conditions, the train is queued until the con-
dition is cleared. The list below shows the Los Angeles
network parameters.

Los Angeles DPM Baseline
1. Demand—evening peak period = 2 h, peak hour

demand = 9200 passengers/h, and 4600 passengers are
carried during the peak 20 min;

Table 1. Simulation variables related to ridership, cost, or performance specifications.

DPMS Ridership Cost Performance
Variable Variable Variable Specification
Input

In-vehicle and wait
times

Station-to-station demand
rate by time interval

Guideway speed limits
Station configurations

Station-to-station dictance

Vehicle speed
Vehicle capacity

Vehicle loading rates
Vehicles per train
Minimum safe headway
Route headway
Transfer points
Minimum and maximum
door open times
Failure conditions

Qutput
Wait-time distribution

In-vehicle time distri-
bution

Maximum station queue

Load factors

Vebicle kilometers

Passengers served
Peak vehicles

In-vehicle time
In-vehicle time
In-vehicle time
In-vehicle time
Wait time

Wait time

Wait time

Wait time

Wait time

Transfer time

Wail and in-vehicle times

Wait and in-vehicle times

Wait time
reliability

In-vehicle time
reliability

Fare
Fare

Fare
Fare

Capital cost
Capital cost
Vehicle cost
Vehicle cost,
guideway cost

Station cost
Vehicle cost

System cost

Station cost

Square meters per passenger,
standee-seated ratio
Deboard and board rate

Time to unload vechicle

Maximum delay times

Maximum wait

Platform size

Operating and main-

tenance cost

Capital cost, operating
and maintenance cost
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Figure 2. Los Angeles DPM network.
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2. Network—average speed on guideway including

station input ramps and crossovers = 8.76 m/s, station
configurations (all on line) are two end-of-line stations
with inbound crossovers, four single-side one-way sta-
tions, and seven split-platform stations; average station-
to-station distance = 436 m, network connectivity is
closed loop, and door is open a2 minimum of 5 s and a
maximum of 55 s;

3. Vehicle characteristics—vehicle speed = 8,76 m/s
average, vehicle capacity = 41, number of seats per
vehicle = 17, passenger loading rate per vehicle = 0.8 s/
passenger, vehicle length = 8 m, and vehicle dispatch =
midpoint; and

4, System characteristics—one route that stops at
all stations, route headway = 106 s, vehicles per train =
4, transfer points = 2 (one at 10 s and one at 108 s), and
average dwell time = 24.5 s (15 s with door closed + 5 s
minimum + 4.5 s expected variable).
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Station Modeling

In the DPMS, stations are modeled as a set of links and
a set of events that occur on each link. Events include
headway and travel times, which are similar to the
guideway link events. In addition, deboard, board, and
launch events can be specified. The deboard event re-
moves passengers from vehicles and computes the time
to deboard each vehicle in a train. The board event
places trips from the station boarding queue in vehicles
that have sufficient capacity and go to their destination
and computes the time to board all passengers on each
vehicle. Deboarding and boarding times may be con-
stant or may vary between a minimum and maximum,
depending on the number of passengers. The launch
event is used to determine the time the vehicle is dis-
patched as a function of the current time and the dis-
patching algorithm in use. The modeling of the Los
Angeles DPM stations was summarized in the above list,

Trip-List Generation

The DPMS generates a time-ordered sequence of pas~
senger arrivals, called a trip list. The trip list con-
tains the time of arrival and the origin and destination
times of each trip. The trip list is generated from a
station-to-station demand matrix and a set of scale and
interval values, The model uses this information to de-
termine an average arrival rate for each station pair.
The trip list is generated as a series of Poisson arrivals
based on these rates and a specified random number.
Figure 3 shows the Los Angeles evening peak demand
profile as a set of 20-min intervals with varying demand
magnitudes.

Vehicle Characteristics

The vehicle characteristics that are specified include
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capacity, length, speed, number of seats, and load and
unload rates. The above list shows these variable values
for the Los Angeles DPM baseline.

Network Operations

The final step in modeling the baseline Los Angeles
DPM system is to specify the system operating condi-
tions. These include a definition of the route (set of sta-
tion stops), the operating headway on the route, the defi-
nition of which routes passengers board at each station
for each destination, the points at which passengers
transfer, the time it takes to transfer at each transfer
point, the dispatching policy used, and the number of
vehicles per train.

The model can calculate the desired route headway
from the number of trains or vice versa based on the
nominal round-trip time. Since the designer works
within the constraints of the planned system, the route
headway is usually input. If a given train capacity is
known, the model can calculate the route headway and
the fleet size based on a specified demand interval, such
as the peak 20 min. The above list shows these variable
values for the Los Angeles DPM baseline,

Los Angeles Baseline Results

Figure 4 shows one of the system summary printouts
from the model, and the "base' column in Table 2 shows
the significant statistics of this run, Passenger waiting
times and trip times are key performance measures.

Figure 4. System summary statistics.
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The trip time is defined by the network speed constraints;
the wait time is a measure of the service provided. The
worst-case station (number 6, Pershing Square) had a
maximum wait of 184 s. Figure 5 shows a time-series
plot of maximum wait times at Pershing Square., This
plot shows stable service with a slight degradation dur-
ing the peak period. This plot also shows that vehicles
are being dispatched from this station evenly, since each
asterisk at a point greater than zero represents a dis-
patch in that 60~s sampling interval. We can also verify
this stability from the minimum and maximum dispatch
times shown in Table 2.

Other key statistics from Figure 4 include the system
average load factor (0.315) and the maximum load factor
on any link (1.00). The worst-case link is after the
worst-case station. The queuing at station 6 is caused
by a combination of high demand and trains that arrive
at near capacity. The vehicle speed in the network and
the ratio of planned to actual travel time vary due to the
effects of variable dwell times.,

Other key statistics shown in Table 2 include the 95
percent wait time, which is derived from a sort of the
log of all completed trips; the standard deviation of trip
time, which is derived from the trip log for each pair ot
stations and indicates predictability of service; the max-
imum door-open time, which indicates station dwells and
affects minimum route headways; and the maximum num-
ber of waiting passengers at the worst-case station,
which can be used to evaluate station platform capacity.

This simulation indicates that the system design de-
scribed in the preceding list performs almost as ex-

DPMS STANDARD REPORT 2----SYSTEM SUMMARY STATISTICS *
SYSTEM-WIDE MEASUREMENTS
TOTAL AVERAGE MINIMUM MAXIMUM
VEHICLE FLEET SIZE = 56.000 56,000 56.000
SEAT CAPACITY = 952.000 952.000 952.000
SEAT AVAILABILITY - 335.753 101.832 450.340
VEHICLE METERS TRAVELLED 2365500.00 =~ 11116.030 26056.000
VEHICLE LOAD FACTOR = 0.315 0.0 1.000
NUMBER OF PASSEHGERS IN SYSTEHM - 879.233 606,000 1679.000
PASSENGER METERS TRAVELLED 29867632.0 b 108705.000 579067.000
PASSENGER WAIT TIME (SEC) = 57.016 0.0 183.900
NUMBER OF PASSENGERS WAITING - 112.165 37.000 324.000
PERCENT COMPLETED TRAMSFERS 17.717 = 2.857 41.860
NOMINAL TRAVEL TIME / ACTUAL TRAVEL TIME 0.951 = 0.553 1.116
VEHICLE SPEED IN NETHORK~-INCLUDING STATION TIME {M/SEC) 6.299 b 4.484 8.257
VEHICLE SPEED ON GUIDEWAY--EXCLUDING STATION TIME (M/SEC) 9.753 = 8.515 10.675
STATION MEASUREMENTS (BY STATION)
TOTAL AVERAGE MININMUM MAXIHUM
--STATION  1--

NUMBER OF VEHICLES - 2.099 0.0 4.000
NUMBER OF VEHICLES QUEUED:

INPUT RANMP o 0.0 0.0 0.0

INPUT QUEUES - 0.0 0.0 0.0

DOCKS 0.0 0.0 0.0

QUTPUT QUEUES - 0.0 0.0 0.0

OUTFUT RAMP - 0.0 0.0 0.0

STORAGE = 0.0 0.0 0.0
VEHICLE TIME IN STATION (SEC) =, 55.669 51.500 69.400
NUMBER OF PASSENGERS:

ENTERING 1424.000 . 4,000 30.000

EXITING 3515.000 L 0.0 100.000

TRANSFERRING 0.0 - 0.0 0.0

KAITING = lo.223 0.0 47.000
PASSENGER WAIT TIME - 53.960 0.0 112.900
VEHICLE LOAD FACTOR--IN - 0.315 0.140 0.610
VEHICLE LOAD FACTOR--OUT - 0.128 0.024 0.323

--STATION  2--

NUMBER OF VEHICLES = 0.829 0.0 4.000

NUMBER OF VEHICLES QUEUED:
TNPUT RAMP -
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Table 2. Los Angeles DPM year-2000

PR v Characteristic Base Runl Run2 Run3 Run4 Run5 Run6
sensitivity analysis.
System
Headway (s) 106 106 106 88 75 59 45
Train capacity 164 180 240 180 160 120 90
Number of trains 14 15 15 18 21 27 35
Evening peak demand 15321 21891 21891 21891 21891 21891 21891
Evening peak time (h) 2 2 2 2 2 2 2
Throughput (places/h) 5570 6113 8151 7361 7680 7322 7200
Performance
System maximum wait (s) 184 558 153 164 150 167 169
Station 6, 95 percent wait* (s) 129 404 122 114 95.2 99.7 103
System 95 percent wait® (s) 120 201 121 104 89.1 75.4 66
Trip time
Mean (s) 400 433 423 413 409 399 394
Maximum SD® 38.7 57.8 25.8 29 37
Dispatch time
Minimum 94 94 87 78 64 52 41
Maximum 119 119 125 102 87 67 bl
Maximum door open, station 11 37 45 49.5 40.6 36.6 39 22
Maximum waiting passengers, station6 77 102 103 95 100 116

295 percent wait = 95 percent of trips wait less than this time.
®Maximum standard deviation of travel time between any pair of stations

pected. However, it is significant to note that station 6
did experience some queuing. This potential problem
would not have been predicted without the DPMS. The
static peak link-load analysis indicated that a train ca-
pacity of 154 would be sufficient. Even though the sim-
ulation experiment was run by using a train capacity of
164 (a 7 percent increase), some passengers were forced
to wait for another train.

One run of the simulation experiment, as discussed
here, is not sufficient to base design conclusions. Since
many random events interact with one another in the
simulation, several experiments that use different ran-
dom number seeds should be run to obtain the desired
level of confidence. The experiments discussed in this
paper are illustrative of the type of information avail-
able from the model.

LOS ANGELES BASELINE SENSITIVITY
ANALYSIS

Once the baseline system has been modeled, the DPMS
can be used to explore a range of demand and system
characteristics and possible system anomalies. This
section shows how the model was used to determine the
combinations of route headway and vehicle capacity that
would meet the baseline wait-time goals for an estimated
demand of 100 000 persons/day in the year 2000 versus
72 000 persons/day in the baseline year.

In the absence of other information, we assumed that
the spatial distribution in the evening peak would be the
same in the year 2000 as in the baseline year, 1990, The
increase in demand will be modeled by a change in the
scale factor in the demand profile. The scale factor for
each interval was multiplied by 1.38 to generate the trip
list for the year-2000 case, This was derived from an
increase from 72 000 to 100 000 persons/day.

The only other changes made to the baseline case were
the removal of the switchback constraint at the end sta-
tions and an increase in the expected door-open time at
the stations from an average of 10 s to an average of 15 s
because of the higher demand. This change resulted in
a total nominal travel time around the network of 1593 s,
an increase of 109 s from the baseline case,

The simulation experiments examined system opera-
tion at the following nominal headways: 45, 59, 75, 88,
and 106 s. Train capacities ranged from 80 to 240 pas-
sengers. To evaluate the performance of these various
combinations of throughput, several measures of pas-
senger wait time were calculated. These measures in-
clude the average, maximum, and 95 percent wait times.
These measures were computed for the entire system and

for each station from the station-to-station matrices,
which were derived from the log of trips completed dur-
ing the evening peak.

Results of Year-2000 Demand Study

Table 2 presents the results of a set of simulation runs
for the demand in the year 2000. The left-hand column
lists the key system and performance characteristics.
The base run lists the statistics of the baseline (1990
demand) scenario discussed previously, Run 1 shows
the results of using essentially the baseline system to
try to serve the year-2000 demand. Even with an in-
crease in train capacity from 164 to 180, the system is
clearly saturated. Run 2 shows the results of a simu-
lation experiment that uses a train capacity of 240 and a
headway of 106 s. The statistics for this run indicate
service comparable to the baseline case. The next four
columns (runs 3, 4, 5, and 6) show the results of simula~
tion experiments that use different headways and train
capacities that offer comparable levels of service. In
all cases the system average wait time was equal to one-
half of the headway, and the average wait time at the
worst-case station was slightly higher.

The performance characteristics for runs 2-6 are
approximately equivalent in terms of the worst-case
station (and system) maximum and 95 percent wait times.
The system 95 percent wait time (as well as the system
average wait time) decreases with decreasing headway.
The next two lines show the average trip times for each
run and the maximum of standard deviations for the
station-to-station trip times. Trip time is measured
from time of arrival at a station to time of completion.
The average trip time is not affected significantly by the
headway changes. In fact, the change shown is approxi-
mately one-half the headway change, as would be ex-
pected. The worst-case standard deviation of trip time
is a measure of the predictability of service. In all
cases shown here, this number is low. However, a de-
crease in the headway does not guarantee an improve-
ment of this statistic. The average dispatch time be-
tween vehicles was equal to the planned headway in all
cases. The range of dispatch times is shown here,
These ranges indicate that the dispatching algorithm
used by the model worked well. The maximum door-
open time statistic at the end station can be used to eval-
uate the feasibility of using switchbacks at lower oper-
ating headways. The maximum number of waiting pas-
sengers can be used to evaluate the station design
capacity.

Figure 6 shows the train capacities and headway com-
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Figure 6. Headways and capacities needed to produce 95 percent wait
time of 2 min at station 6 on the Los Angeles DPM in the year 2000.
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binations needed to meet the 95 percent wait~time goal
(2 min) at the worst-case station. These results were
derived from a series of simulation runs.

Modeling System Anomalies

The DPMS was used to model system response to a ve-

hicle stoppage on the link between stations 5 and 6 by
inputting the location and time of the failure and re-
covery events. The failure is assumed to occur at the
beginning of the peak 20 min and last for 5 min.

_ A vehicle stoppage is represented in the DPMS by a
failure of a link exit, which then prohibits vehicles from
leaving the specified link. The first vehicle that reaches
the end of the defined link queues, as do all following ve-
hicles. When the failure is removed, the guideway link
model within the DPMS prompts the queued vehicles to
start moving again. All passengers remain in the sys-
tem and the failed vehicle is considered operational once
the failure is removed.

Three failure experiments were conducted by using
the same failure scenario and different dispatching algo-
rithms. The dispatching algorithms affect the time the
system takes to recover from the failure. The first
algorithm dispatches vehicles as fast as they are loaded
if they are far behind schedule. The second algorithm
dispatches vehicles one predetermined headway behind
the preceding vehicle. The third algorithm dispatches
vehicles midway between the predetermined headway and
the time vehicles are ready to be launched.

Analysis of the Failure Scenario

Table 3 presents the results of the simulation experi-
ments. The system and performance characteristics
shown are similar to those shown in Table 2, The first
column shows the baseline results. The second column
shows the results of the baseline system by using the as-
soon-as-possible dispatching scheme. The increase in
system maximum and system 95 percent wait times are
dramatic, as expected. The average wait time over the
2-h peak period increases by only 15 s. The station that
has the worst average and 95 percent wait times is now
station 17. The range of dispatch times indicates the
possibility of bunching.

The results of the alternative dispatch algorithms can
be explained by looking at Figure 7. This figure is a
reproduction of the time-series plots of passenger max-
imum wait time at station 17. Samples have been taken
every 60 s. A zero wait time means that no passengers
were dispatched; a positive time indicates that at least
one vehicle was dispatched in that interval,

The first algorithm works best in this case, because
it moves vehicles to the stations downstream of the fail-
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Table 3. Los Angeles DPM failure scenario

analysis. Dispatch
Fixed After  Midpoint
As Soon Preceding After Pre-
Characteristic Baseline  As Possible Vehicle ceding Vehicle
System
Headway 106 106 106 106
Train capacity 164 164 164 164
Number of trains 14 14 14 14
Evening peak demand 15 321 15 321 15 321 15 321
Evening peak time (h) 2 2 2 2
Failure location Link 25 Link 25 Link 25
Failure time (s) 300 300 300
Performance
System average wait (s) 57 72 % 86
System maximum wait (s) 183 395 615 734
System 95 percent wait (s) 121 194 208 275 *
Worst station 6 17 17 17
Worst station average wait (s) 62 92 112 141
Worst station 95 percent wait (s) 128 256 403 509
Dispatch time
Average 106 106 108 110
Minimum 94 20 106 63
Maximum 119 332 367 462
Passengers with excess travel
time of
300-600 s 0 37 288 351
More than 800 s 0 0 47 53

700
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500

Figure 7. Los Angeles DPM baseline to 5-min
failure on link 25,
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ure quickly, which is important when the failure occurs
in the peak hour. The effects of bunching are seen in the
periodic peaking of the wait times later in the simulation.
The second plot shows that the vehicles are spaced nicely
but that they provide insufficient throughput to handle the
large queues during the peak. This algorithm might be
more effective for off-peak stoppages. The third algo-
rithm moves the vehicles downstream only slightly faster
(the sixth vehicle arrives sooner). Its poor performance
results mainly from the fact that the initial gap between
dispatches after the failure was 420 s, rather than 300 s
for the first two alternatives. Another set of failure runs
was made by using the same failure scenario (time and

e aa al bzl
4200 4800 5400 6000 6600 7200 7800 8400

SIMULATION TIME

place) but a different random number. They showed
that the midpoint dispatching algorithm was slightly
more effective than the fixed-interval algorithm, but
both were inferior to the first algorithm. From this
result, we can conclude that the best algorithm for this
failure scenario is the one that dispatches vehicles as
fast as possible and that bunching is a secondary effect.

SUMMARY
The results presented illustrate the capability of the

model to represent a variety of demand, network, sys-
tem operation, and system event scenarios. The model-
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ing of these changes from the baseline case is quite
simple and the model provides the analyst with the in-
formation necessary to understand the results.
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Generating Alternatives for Alternatives

Analysis

William S. Herald

Alternatives analysis is the planning process mandated by the Urban Mass
Transportation Administration for the assessment of major transit invest-
ments. The alternatives analysis process is @ means of ensuring compara-
bility between rapid transit planning studies across the nation. Up to
now, the focus of attention has been on the results or products of the
process. Interest has centered on the selection of a recommended alterna-
tive and its costs and impacts. This paper examines an earlier stage in the
planning process that has critical importance in the validity of alterna-
tives analysis studies. The basic concern is with the ways that alternatives
are derived and described. If alternatives are the central feature of the
process, we should know more about what they are and where they come
from. The investigation reviews a group of alternatives analysis reports
to establish the state of the art in generating alternatives for major transit
studies. Ten potential imputs to alternatives generation are identified. In
addition, the paper assesses the use of specific techniques or methodol-
ogies for the generation of alternatives. Specifications for alternatives
and the properties of alternative sets are reviewed. The paper includes

an examination of the ways that transportation system management and
baseline alternatives have been defined and used in past studies. Conclu-
sions on the state of the art in alternatives generation and its expression
in alternatives analysis studies are presented as the results of the investi-
gation.

Alternatives analysis is the process mandated by the
Urban Mass Transportation Administration (UMTA) for
planning major rapid transit facilities. As the name
implies, the central feature of this planning process is
the comparative assessment of the costs and impacts
of a set of alternative configurations of technologies and
services. Paradoxically, although alternatives occupy
a central position in this planning process, little atten-
tion has been focused on the alternatives themselves.
The major focus of methodological interest has been on
techniques to predict the impacts of alternatives on the
urban transportation system and the environment.

This paper is concerned with such issues as where
alternatives come from and what makes up an alterna-
tive. The review of the transportation literature for
this investigation suggests that these basic issues are
seldom articulated and that alternatives development may
be an activity characterized by pervasive assumptions

and a lack of structural approach. The purpose of this
paper is to examine the state of the art in the identifica-
tion of alternatives, We are interested in the answers
to a number of questions:

1. When are alternatives generated in the planning
process?

2. What are the inputs to alternatives generation?

3. What techniques are used to identify alternatives?

4, What characteristics have been used to define and
describe alternatives? and

5. How have baseline and transportation system man-
agement (TSM) alternatives been considered?

To assess the actual experience of the alternatives
analysis process with respect to the generation of alter-
natives, 15 sources were read and evaluated (1-15),
These sources were a mixed collection of complete
alternatives analysis final reports, single volumes from
a series of rapid transit engineering studies, supple-
mentary reports submitted in response to UMTA ques-
tions, and draft reports. Altogether the group of docu-
ments reviewed represents 11 alternatives analysis ef-
forts. This represents roughly a 30 percent sample of
the universe of 35-40 alternatives analysis studies iden-
tified in this investigation. Although this is not a random
sample, it is assumed that the reviewed studies are
reasonably typical of past and current alternatives
analysis experience.

Some important limits on the analysis must be noted.
The first of these is the evolutionary nature of the al-
ternatives analysis process. Because the process has
developed over time, each application has been treated
somewhat differently. Thus, all the studies cannot be
expected to be similar. Also important is the fact that
the alternatives analysis process was imposed on sev-
eral rapid transit planning efforts in midstream. It can
be expected that these studies show significant differ-
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ences from alternatives analysis studies that began at
the beginning.

A final limit on the analysis is the problem of docu-
mentation. A frequent question raised was whether a
particular issue was never addressed in the actual study
or simply not documented in the report reviewed here.
There are three components to this problem. The first
is a potential authorship bias of current study partici-
pants against previous work and the contributions of
others. This understandable bias may be reflected in
the documentation of the study effort in the final report.
The second component is that past alternatives analysis
reports have been primarily oriented toward convincing
the reader that the recommended alternative represents
the best course of action. As such, the focus of the
documents is outward, toward convincing the audience,
not inward, toward the study process itself. As a re-
sult, the documents are not simple recordings of the
alternatives analysis as it actually unfolded. The third
component of the documentation problem is the editorial
process. Alternatives analysis studies generate enor-
mous volumes of data, information, and analysis. In
preparing a final report, an author is obliged to be selec-
tive, to make editorial decisions about what is included
or excluded or about what is emphasized and what is
deemphasized. Although selectivity is necessary to the
efficient exchange of information, the need to communi-
cate effectively may obscure elements of interest to this
investigation.

Finally, it should be pointed out that the intent of this
paper is not to evaluate individual planning efforts or the
alternatives analysis process as a whole. Differences
in treatment are noted to shed light on the ways that al-
ternatives are developed, not to label a particular study
as good or bad. Indeed, the review of completed studies
indicates that overall the studies were very similar and
provided valuable information to decision makers in each
metropolitan area.

METHODS FOR GENERATING
ALTERNATIVES

Two key elements are of concern regarding the methods
for generating alternatives:

1. Where in the planning process does the generation
of alternatives occur, and what are the necessary inputs?
and

2. Once the proper inputs are available, how are al-
ternatives actually identified in a procedural or analytical
sense?

Current practice must be examined with each of these
elements in mind. The consideration of past perfor-
mance of alternatives analyses with respect to the iden-
tification of alternatives must carefully note the caveats
outlined earlier in the paper. The studies reviewed are
believed to be representative of past practice but include
only those final and draft submissions available for anal-
ysis. Moreover, assessment and description of a partic-
ular study's characteristics in these areas are based
solely on the documentation provided in the report made
available for review,

Timing and Location of Alternatives
Identification

Review of the studies selected provides little information
about when or where the identification of alternatives

has taken place. This fact is significant in itself.

Based on the reports reviewed, past alternatives analysis
practice has had little awareness of the study as a

Transportation Research Record 751

process. None of the studies reviewed included a flow
chart or diagram to indicate the process of alterna-
tives analysis as it was understood and applied at that
time and in that context. This lack of process or inter-
nal awareness is characteristic of many aspects of the
studies with respect to the identification of alternatives,
In general, the concern for methodology or a process
that surfaces in these reports is directed toward the
activities of impact prediction and evaluation. No doubt
this lack of information on the timing and location of al-
ternatives identification is attributable to both a lack of
awareness and an editorial decision on material most
appropriate to the final report.

The survey of alternatives analysis studies indicates
that the timing of alternatives identification conformed
to a roughly similar conception of national planning prac-
tice. This is to say that an after-the-fact diagram of
the work flow in each study would bear some resemblance
to a typical ideal planning process like those discussed
in the transportation planning literature. As expected,
the identification of alternatives has occurred at or near
the commencement of the study. As such, it is generally
among the first real future-oriented activities, often
taking place concurrently with or following a documenta-
tion of existing conditions, definitions of goals, and pro-
jection of future conditions and needs. In most cases,
however, the initial identification of alternative activities
actually preceded the commencement of alternatives
analysis. This was the case in 11 studies that used al-
ternatives carried over from previous studies. The ex-
treme example of this phenomenon was in Pittsburgh,
where the identification of alternatives was fully accom-
plished before the consultant began work on the alterna-
tives analysis study.

Inputs to Alternatives Identification

The first step in this investigation was to compile a
comprehensive list of factors that can influence the iden-
tification of alternatives. Accordingly, a search of the
relevant planning literature and alternatives analysis
material produced the following list of potential inputs

to the identification of transportation alternatives:

National goals and objectives,

Local and regional goals and objectives,
Assessment of needs,

Forecasts of future conditions,

Local opportunities and constraints,
External requirements and constraints,
Carry-over alternatives and prior analysis,
Catalogue of technologies,

Assessment of operational feasibility, and
Public involvement.

—

This list of potential inputs was used in an analysis of
the selected alternatives analysis studies. The purpose
of the analysis was to determine the incidence of use
for each potential input. The matrix in Figurc 1 dis-
plays the results for the sample of completed studies.
Three different states are identified: documented pres-
ence of an input, implied use, and no apparent involve-
ment.

National Goals and Objectives

This category of input was broadly defined for the pur-
pose of this review to include not only consideration of
national transportation and urban development goals but
also UMTA-promulgated objectives and procedural guide-
lines for alternatives analysis. As a result, almost all
the selected studies showed some evidence of national
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Figure 1. Use of potential inputs to the identification of alternatives in past alternatives analysis studies.
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goals as an input to the identification of alternatives.
Nine reports provided documented presence of a con-
sideration of national aims and three additional studies
were judged to show at least an implied consideration
of national objectives.

For the most part, the presence of national goals as
an input to alternatives identification was in the form
of UMTA guidelines and stipulations related to the alter-
natives analysis process. Very few of the completed
studies included a discussion of national transportation
goals and their significance to this effort. The 1976
version of the Honolulu study was noteworthy in its con-
sideration of national aims and what meaning they had to
the alternatives analysis study. Even this consideration,
however, failed to include an actual linkage of national
objectives to the process of identifying alternatives.

The Pittsburgh study is seen as reflecting no apparent
involvement of national goals with the identification of
alternatives. Ironically, however, the Pittsburgh South
Hills report (6) includes the most complete discussion
of UMTA specifications for a successful proposal. The
distinction made here is that the consideration of na-
tional aims in this case clearly follows after the process
of identifying alternatives and has no demonstrated rela-
tion to it. Instead, the view is taken in the study that the
recommended alternative will be refined in the course
of the planning process to reflect those national aims.
The distinction is, therefore, a narrow one between the
concepts of identification and refinement.

Local and Regional Goals and Objectives

This category of input was defined as any statement of
local or regional aims or objectives concerning urban
development and transportation services. Twelve of the
reports reviewed incorporated either explicit or implied
involvement of local goals in the identification of alterna-
tives. The draft version of the West Shore alternatives
analysis (13) showed no apparent involvement of local

objectives in the generation of alternatives.

The treatment of local goals and objectives in most
of the sample reports was much stronger than the con-
sideration of national goals. Generally, detailed lists
of transportation objectives and policy statements on
desired attributes of future development were excerpted
from the long-range plan or other goal-oriented planning
efforts. Typically, however, these goal statements
showed little direct relation to the identification of alter-
natives for analysis. The local objectives were often
vague statements, designed to indicate a general direc-
tion of betterment. Despite the apparent gap between
these ideals and the specific dimensions of alternatives,
few of the studies provided any transition or linkage.
The common practice was to include a section on local
goals, followed by one on identification of alternatives.
The reader is left to infer a relationship. Thus, for
the most part, it is only possible to say that the alter-
natives identified responded to local goals insofar as the
alternatives were perceived to be improvements or
representations of a better transportation infrastructure.

Two studies, however, should be noted for different
treatment of local aims. The discussion of local goals
in Buffalo was limited to a typical presentation of goal
statements from another source. The study was some-
what unique, however, in that it developed objectives
for the alternatives analysis study and then related the
identification of alternatives to those objectives. This
reflected an awareness of the meaning and role of alter-
natives that was lacking in other reports. Honolulu's
1976 report (5) included an extensive discussion of local
and regional goals. This discussion was then focused on
the planning process and used to derive specific criteria
categories useful for the identification and evaluation
of alternatives in the alternatives analysis study.

Assessment of Needs
One element that frequently appears as an input to the

identification of alternatives in theoretical presentations
of the planning process is an assessment of needs. The
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logic of needs as an input is clear: Future conditions
will create certain demands that cannot be met by ex-
isting facilities and operations. Therefore, alternatives
should be formulated to address those needs. The re-~
view of sample alternatives analysis reports indicated
that needs assessment has played a minor role in the
identification of alternatives. Only four studies showed
a clear assessment of future needs as a direct input to
the identification of alternatives. The 1976 Honolulu
report (5) is noteworthy in this respect for it presents
an extensive discussion of needs and anticipated defi-
ciencies. This information is then used to develop
specifications or criteria for the generation of alterna-
tives. The draft San Juan report (3) also focuses on
the needs of current and future travelers for improved
transportation. Planning studies for Los Angeles and
Miami both showed the influence of a needs assessment
on the identification of alternatives, but the effect was

implied rather than stated.
Forecasts of Future Conditions

This category of potential inputs was defined as alterna-
tive population, employment, income, urban develop-
ment, and economic scenarios that influenced the iden-
tification of alternatives. Because of the future orien-
tation of alternatives analysis, forecasts of future con-
ditions are a fundamental part of every study. In most
cases, however, those who perform alternatives analysis
studies have consciously or unconsciously taken the point
of view that future conditions affect the performance of
alternatives rather than their development. Thus the
forecasting of future conditions has been oriented toward
producing estimates of travel demand to be accommo-
dated by alternative technologies.

A few studies took a different perspective. In these
instances, forecasts of future economic, social, and
development conditions were considered as inputs to
the identification of alternatives. As might be expected,
the use of forecasts as an input was largely correlated
with the use of needs assessment to develop alternatives.

The Honolulu study (6) was particularly noteworthy in
that several different forecasts and growth assumptions
were presented and discussed with respect to their im-
plications on alternatives. The draft version of the
West Shore report (13) also shows an awareness of the
sensitivity of the alfernatives analysis process to as-
sumptions on future conditions. A number of evaluation
measures are given for two different growth scenarios.
There is, however, no apparent involvement of these
scanarios in the identification of alternatives for analysis.

Local Opportunities and Constraints

This category is defined to include the activity of iden-
tifying local influences on alternatives to be studied.

The focus is on both physical and institutional opportuni-
ties and constraints on the development of alternatives.
As shown in the matrix, all of the sample studies incor-
porated this activity as an input to the identification of
alternatives. Roughly one-half of the reports documented
this search, but the activity is so fundamental that it was
clearly present in all of the studies. Typically, local
constraints and opportunities focused on physical options
such as identification of potential rights-of-way along
highway medians or abandoned railroad lines.

Although the consideration of local opportunities and
constraints was universal, the level of documentation of
this activity as an input to the identification of alterna-
tives varied widely. In six of the reports, this activity
is only implied as potential routes; alignments and sta-
tion locations suddenly appear as part of an alternative
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without any indication of how they were developed. In
several cases other study memoranda and interim re-
ports are referenced for details on the search for align-
ment alternatives.

External Requirements and Constraints

This category is defined as legal and institutional influ-
ences on the generation of alternatives that originate
outside the basic mandates for alternatives analysis.
By far the most important of these external influences
is the National Environmental Policy Act of 1969. This
law and its accompanying guidelines for the preparation
of environmental impact statements have a major effect
on the identification of alternatives. The key influence
is the requirement that a no-build or null alternative be
considered in the planning process for major federal
actions that have a signific
As a result, nearly all of the sample studies showed an
external influence through the inclusion of a no-build al-
ternative. Significantly, in all cases, this influence was
not acknowledged in the reports. Typically, past alter-
natives analysis studies have included no-build alterna-
tives, but the justification, if any, for their considera-
tion has been vague notions of proper planning practice
and the need for an evaluation benchmark. Two of the
reports surveyed showed no apparent involvement of
these external requirements. From the documentation
provided; neither the first Honolulu effort nor the Pitts-
burgh South Hills study (4, 6) included a no-build alter-
native, —

Several other requirements are also potentially sig-
nificant to the identification of alternatives. One of these
is Section 4(f) of the Department of Transportation Act
of 1966, which constrains the use of parks and wildlife
refuges for rights-of-way. Similar obstacles are im-
posed by the National Historic Preservation Act of 1966,
concerning historic and cultural resources, and by a-
variety of other laws enacted to preserve natural re-
sources. The implementation of the Clean Air Act of
1963 and its subsequent amendments has a potentially
direct effect on alternatives identification. A number
of laws also incorporate social considerations that could
impact the generation of alternatives. These include
the requirements for elderly and handicapped accessi-
bility, requirements for minority group accessibility,
and requirements related to provisions to be made for
persons displaced by federal actions. The review of
sample reports indicated, however, that none of these
external requirements had any influence on the identifi-
cation of alternatives in these studies.

o ££ + +h 5
€ a significant effect on the cnvircnment.

Carry-Over Alternatives

This category of potential inputs was defined as including
prior analysis efforts and alternatives recommended and
carried over from earlier studies. The matrix indicates
that this category was the most completely documented
input to alternatives generation in the sample studies.
Eleven of the reports indicated that prior rapid transit
planning had influenced the development of one or more
alternatives for the alternatives analysis study. Only
the 1975 Denver study (15) and the Miami report (9) did
not show the apparent use of an alternative carried over
from earlier planning efforts. The near universality of
the use of carry-over alternatives as an input and the
clear documentation of their use indicates very strongly
the evolutionary nature of past alternatives analysis
practice.
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Catalogue of Technologies and Actions

This category of inputs is defined as the potential sig-
nificance of the existence of a variety of available tech-
nologies with certain operating characteristics. The
availability of certain modes and technological hardware
may stimulate a desire to include them in the analysis.
This is especially true in alternatives analysis studies
that consider alternatives to be only different technolo-
gies. Thus, each alternative needs a different technology
and the list of available technologies becomes an input

to the identification of alternatives.

Operational Feasibility

This category of input was defined as the idea that a pre-
liminary assessment of whether a given element would
actually work may enter the process of identifying alter-
natives. Thus, this input is somewhat related to alter-
native refinement rather than identification. The dis-
tinction is of little importance in this case because only
four of the sample reports showed the consideration of
operational feasibility in the development of alternatives.
The 1975 Denver effort (15) included some preliminary
network testing as an acfivity related to the formulation
of alternatives. The 1976 Honolulu study (7) excluded

a carried-over waterborne transit alternative from con-
sideration in alternatives analysis because the concept
lacked basic operational feasibility, In Pittsburgh and
the West Shore studies (6, 13), adjustments were made
to alignments to reflect operational characteristics of
the heavy rail technology considered in those alternatives.

Public Involvement

The definition of this input was broad and included both
participation and use of public hearings. For many years
the legislation and policies that mandated the transporta-
tion planning process have called for effective citizen
participation at a point early enough in the study to per-
mit substantive involvement. The emphasis on early
involvement suggests that citizen input to the identifica-
tion of alternatives is appropriate to alternatives analy-
sis as well as to planning efforts oriented toward imple-
mentation.

The review of sample reports indicates that all of the
studies involved the public in the alternatives identifica-
tion process. The level of public involvement varied
from study to study. Similarly, the documentation of
public involvement varied between studies. Roughly
one-half of the sample reports documented the public's
involvement in alternatives identification; the other half
of the sample merely implied the participation of the
public in the identification process.

Several reports documented noteworthy public in-
volvement in the identification of alternatives. The
Miami study (9) incorporated substantive citizen partic-
ipation in the identification of alternatives through a
series of community forums that resulted in the addi-
tion of 27 new alternatives to the study. The series of
studies (10-12) done on subway routes in the Washington
area make reference to what must have been a substantial
public involvement effort that made extensive use of
elected officials and appointed task forces to provide
meaningful citizen participation to the alternatives
identification process.

TECHNIQUES USED IN
ALTERNATIVES GENERATION

Conceptual approaches are theoretical and give little
emphasis to the practicalities of how the various plan-
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ning activities are to be performed. Some of these ap-
proaches, particularly the most recent ones, explore
in detail the methodologies available for impact predic-
tion and evaluation, Very few of these theoretical
models offer guidance on how alternatives are to be de-
veloped. In general, the conceptual approaches merely
state that alternatives are devised by the planner from
the prescribed set of inputs.

Perhaps this activity has been taken for granted be-
cause no specific definition has ever been advanced as
to what constitutes an alternative. Indeed, the field is
so broad that a meaningful specification could only be
created within a limited area, such as alternatives
analysis studies. Because no definite concept of the
output exists, few techniques have been advanced to pro-
duce alternatives.

The literature does include some brief consideration
of ways that alternatives may be generated. Most
authors seem to agree with Dickey who states, "Few
planners or designers can deny that most of the better
solutions for problems (especially those in transporta-
tion) have come to the surface through a series of in-
tangible and untractable steps that are the outgrowth of
the creative force at work" (16, p. 33).

Some techniques, however, are identified as aug-
mentation for the creative force. Several authors in-
clude some discussion of the application of various op-
erations research techniques to the task of generating
alternatives. These include mathematical techniques
such as linear programming, nonlinear programming,
and dynamic programming. Mathematical programming
is useful because it entails the optimization of some
objective function when certain constraints are evident.
These techniques appear to have some utility to the gen-
eration of alternatives in limited applications where ob~
jectives and constraints are susceptible to reduction to
mathematical analysis.

Other methodologies include search and experimental
design, A search approach involves multiple iterations
of variation of input variables on a model or set of
models that replicate the system. According to the out-
puts of the preceding iteration, the variables are ad-
justed until the desired state is reached. Experimental
design is a similar technique but involves experiments
on the actual system, not on models.

The typical approach assumed by most of the theo-
retical models is one of creative trial and error. The
process for generating alternatives generally assumes
that, if all the information inputs are available, the
planner can devise alternatives to meet a given set of
criteria or specifications. If something is not right
the first time, it is modified in subsequent refinement
iterations.

The review of sample alternatives analysis reports
indicates that the creative trial-and-error procedure
is typical of past planning practice. This determination
is a judgment based on procedures implied in the re-
ports. Only one study provided documentation on the
methods used to generate alternatives. In the draft
version of the alternatives analysis for San Juan, the
following steps are outlined:

1. Review regional goals and objectives;

2. Examine current and future characteristics of the
study area such as location, size, growth, economy,
and social structure;

3. Identify current transportation problems and op-
portunities;

4. Determine reasons for studying rapid transit;

5. Choose candidate corridors; and

6. Develop alternatives by using combinations of
corridors and advantageous characteristics of each.
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These steps are clearly related to the basic models of
the planning process and the creative trial-and-error
technique of alternatives generation discussed above,
The steps identify a familiar list of inputs (such as goals,
forecast, inventories, needs, and technologies) and
bring them together in a single step of development that
matches needs and analysis with likely potential solu-
tions. Although other studies reviewed for this aspect
did not outline such steps, the reports imply that similar
procedures were followed in each of the sample studies.
In each case the judgment of process participants was
used to act on the informational inputs and produce al-
ternatives from potentialities.

CHARACTERISTICS OF ALTERNATIVES

UMTA Specifications

Because UMTA is the motivating force behind alterna-
tives analysis, UMTA must have some conception of
what makes up an alternative. A review of published
policy statements indicates that at least a loose idea of
content or definition exists that is communicated in
terms of characteristics that describe what an alterna-
tive is like. The table below presents a compilation of
criteria or specifications for alternatives taken from two
primary policy statements that set forth the basis for
the alternatives analysis process. As shown in the
table, all of these criteria are contained in the policy
statement on major urban mass transportation invest-

ments (17). Three of the criteria are reiterated in the
statement of policy toward rail transit (18).
Major Urban Policy
Mass Toward
Transportation  Rail
Criterion Investments Transit
An alternative should meet local transpor-
tation needs X
An alternative should promote local social,
economic, environmental, and urban de-
velopment goals X
An alternative should support national
aims and objectives X
An alternative should be consistent with
the long-range plan X
An alternative should incorporate public
involvement in its definition and content X
An alternative should incorporate com-
munity feeder and collector and distrib-
utor services in addition to line-haul
transit options X X

An alternative should include supportive

TSM actions X X
An alternative should be defined in terms

of corridor location, length ot initial

segment, technology, horizontal and

vertical alignment, grade separation, sta-

tion locations, and other relevant factors X
An alternative should reflect the need for

incremental development X X

A set of nine criteria can be derived from the policy
statements. Most of them are specifications of what an
alternative must be and do. Some are concerned with
how an alternative is developed. Overall, these criteria
can be divided into three groups. The first group can
be described as criteria oriented toward ensuring con-
sistency with ongoing transportation planning efforts.
These specifications are concerned with the relation-
ship of an alternative to local needs, regional and
national objectives, and the long-range transportation
plan. The second group of criteria are concerned with
the objectives and procedures appropriate to alterna-
tives analysis. These two criteria direct alternatives
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to incorporate public involvement and the need for incre-
mental development of fixed-guideway transit systems.
The third group of criteria deal with the specific content
or characteristics of an alternative. These three specify
that an alternative (a) must include collector and distrib-
utor services in addition to line-haul transit, (b) must
include supportive TSM actions, and (c¢) should be de-
fined in terms of a list of relevant factors. These fac-
tors include

Corridor,

Length of segment,
Technology,
Horizontal alignment,
Vertical alignment,
Grade separation,
Station locations, and
Other factors.

=T U WD =

The list of criteria discussed above are not actually
presented as a set in the referenced policy statements.
These criteria are stated in the text of the policy docu-
ment as guidelines and indications of UMTA's inlentions,
As such, they are not organized and are presented in
the policy statements as a set of criteria for alternatives,
although a careful reading of the documents suggests that
this is their intended function.

Alternatives Analysis Experience

The criteria or specifications discussed above constitute
UMTA's public definition of what the content of an alter-
native should be. The central concern in this paper,
however, is the past performance of alternatives analy-
sis studies. This section examines the way alternatives
have been defined and described in the sample reports.

In order to compare and summarize past experience,
a long list of descriptive factors was generated from the
UMTA criteria and other sources. These factors were
then arrayed in a matrix format opposite the sample of
alternatives analysis reports, and the incidence and type
of usage for each factor was noted for each study. This
matrix is presented in Table 1.

The review of the content and characteristics of al-
ternatives in past studies shows that alternatives analy-
sis studies have embodied different conceptions of what
makes up an alternative. The matrix illustrates that
the definition of alternatives in alternatives analysis
studies has focused on facilities and service area fac-
tors. Description of alternatives in terms of technology,
location, extent, alignment, and capacities has been
nearly universal,

Level-of-service characteristics have received mod-
erate use as definitional elements of alternatives, In
general, levels of service are attached to technologies
and rarely featured as the chief distinguishing element
of a particular alternative. Forecasts of future condi-
tions or scenario factors have received even less atten-
tion as components of alternatives. Very few studies
formulated alternatives specifically designed to test the
impacts of such variables as central business district
(CBD) parking costs or complementary transportation
or nontransportation actions. Such elements were fre-
quently assumed to be background factors that were held
constant for all alternatives.

Overall, the level of documentation with respect to
the content or definition of alternatives in each study
was low. Typically, alternatives have been described
in terms of a few major factors early in the study, then
fleshed out as the need arises during the stages of impact
prediction and analysis.
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Table 1. Descriptive factors of individualized transportation alternatives.

23

Denver Honolulu Washington
- Los Pitts-  San — West
Factor Buffalo 1975 1976 1975 1976 Angeles Miami burgh Juan F J-H K Shore
Technology types P P P P P P P P P P P P P
Designated corridor P P P F F P B F P F F F F
Specified alignment P P P P P P P P P F P P
Vehicle capacity P P P P P P P P P P
Station locations P P P P U I 52 P P P P P
Yard and maintenance
facility locations P U U U U U U P P U
Explicit cost targets P
Designated market segments
Frequency
Peak and base P P P U U P P P U U U P
Average daily P P P U U P u U P Uu U Uu P
Fare level
Average P U ) U L0 U u u U U U U P
Fully structured P U U U U U U U U U u U P
Vehicle kilometers of
service by type P P U U U U U U P Uu U U U
Route kilometers of
service by type P P P P P P P B P U u U P
Travel times and speeds P P P U U P P P P P
Development controls
Automobile use disin-
centives U U
CBD parking costs F 1) U U U u U U U U U Uu U
Population forecasts F U U U U ) F U F u U U P
Income forecasts F U U U F U U U u U u U U
Employment forecasts F U U U F U E U F U U U P
Automobile operating
costs F U U U 8] U U U U U U U U

Complementary or supple-
mentary transportation
actions - -

Complementary non-
transportation actions

Note: P = present; U = unstated; F = fixed for all alternatives.
® Express bus feeder.

®Fixed TSM bus improvements.

“Arterial express bus .

UMTA Criteria for Sets of Alternatives

The structure of the alternatives analysis process indi-
cates that alternatives have a dual nature. Each alter-
native has significance both by itself and as a member
of a set of alternatives selected for analysis. Thus,
just as individual alternatives are defined in terms of
certain descriptive factors, the set of alternatives is
defined in terms of certain collective properties.
UMTA has promulgated some criteria or standards
for alternatives through the two major policy statements
that outline the alternatives analysis process. In addi-
tion to the specifications provided for the content of in-
dividual alternatives, the policy statements have also
included a loose set of standards for the collective set
of alternatives. These criteria for the set of alterna-
tives are shown in the table below. A series of six
criteria statements have been extracted from Major
Urban Mass Transportation Investments Policy (17) and
Policy Toward Rail Transit (18). _

Major Urban Policy
Mass Toward
Transportation  Rail
Criterion for Set of Alternatives Investments Transit
Reflect a range of options X
Cover a range of technologies including
rapid transit, light rail, busway, people-
mover, and TSM actions X
Be defined and presented at the same
level of detail X
Include a TSM alternative X
Include a light rail alternative X
Reflect the need for incremental devel-
opment X X

Basically, the criteria establish necessary or desirable

9South PATWAY.

°Parking facilities, bus priority, and conventional bus,
'1-95 express bus,

9Express bus feeders.

elements of the set and indicate a concern for compara-
bility and the realities of implementation. Most of the
standards for the set of alternatives deal with the idea

of range. The set of alternatives must reflect a range
of unspecified options. Some of these options, how-
ever, are established to be technological. In fact, the
emphasis apparent in the interpretation of range is on
technology, with particular stress on use of TSM tech-
nologies and light rail transit. Other criteria indicate
that all alternatives should be developed at similar levels
of detail for the integrity of the comparative analysis and
that the set of alternatives should reflect a range of fixed
guideway lengths that are suitable to identify a potential
initial increment.

Because the above tabledeals only with specifications
set forth by UMTA, an important standard for the set of
alternatives is not shown. This is the external require-
ment imposed on the planning process by the National
Environmental Policy Act of 1969, that the consideration
of environmental impacts for major federal actions such
as those contemplated under alternatives analysis include
consideration of a no-build or baseline alternative.

Baseline and TSM Alternatives

The baseline or no-build and TSM alternatives constitute
a special type of alternative. As seen above, both types
of alternatives are required components of the alterna-
tives set as a result of federal law and policy. The sig-
nificance of these alternatives to the validity and utility
of the alternatives analysis process is clear. The pur-
pose of the baseline alternative is to provide a bench-
mark for comparison of the various rapid transit alter-
natives to assist in the identification of a best course of
action. The purpose of the TSM alternative is to investi-
gate the level of benefit that can be captured by using
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low=-capital techniques to improve transportation services
through better management of existing resources and
facilities.

Table 2 presents information on the consideration of
baseline and TSM alternatives in the sample alternatives
analysis reports. Three different types of baseline al-
ternatives can be distinguished. The first type is termed
benchmark-maintenance. This is defined as the baseline
alternative recommended in a National Cooperative High-
way Research Program (NCHRP) report that calls for
only the continued maintenance of existing facilities and
services (19, p. 13).

The second type of baseline alternative found in past
alternatives analysis practices is termed extended ser-
vice. This type of baseline is commonly defined as the
extension of existing transit services to cover areas of
new population growth anticipated between the base and
analysis years. Viewed in another way, this type of
baseline posits the same per capita level of transit ser-
vice in the analysis year as exists today.

The third type of baseline alternative is termed im-
proved service. This definition hypothesizes that the
benchmark alternative should represent what the (ransit
system would be like in the analysis year if it developed
according to current trends, excluding major capital
improvements.

Table 2 shows that only the Los Angeles study (1)
incorporated a strictly defined benchmark alternative
that corresponds to the NCHRP guidelines. Three
studies—Buffalo, Denver, and Honolulu (2, 4, and 15) —
used an extended service concept as the baseline for
planning analysis, The draft San Juan report and the
series of Washington studies (3, 10-12) made use of an
improved service concept as the baseline. In San Juan
the existing routes and schedules were perceived as anti-
quated and revisions were developed as the basis for the
horizon-year service. The Washington studies examined
no-build alternatives that offered improved express bus
services as a replacement.

In the Honolulu studies (4, 5, 7), the baseline alterna-
tive received a different treafment than in other sample
reports. In this case, the baseline alternative was eval-
uated in a preliminary exercise to determine whether the
no-build option would meet the projected needs, After
the no-build alternative was rejected as insufficient, the
study proceeded to the generation and evaluation of other
high-capacity alternatives. Thus the conclusion was
reached to do something early in the study, and this di-
rected the subsequent analysis and presentation of the
results.

It should be noted that three studies did not include an
apparent baseline alternative. These are Miami, Pitts-
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burgh, and the West Shore alternatives analyses (6, 9, 13).
The Miami study (9) was already in the preliminary engi-
neering phase when the analysis of alternatives was re-
quired, and it is possible that the analysis of a baseline
alternative was viewed as an entirely separate effort
related only to preparation of the draft environmental
impact statement (EIS), The reasons for the lack of a
baseline alternative in the Pittsburgh South Hills study

(6) are also unclear and it may be possible that the analy-
sis of a baseline alternative was perceived to be only
appropriate to the separate activity of preparation of the
draft EIS.

The treatment of a baseline alternative in the draft
West Shore report (13) may signal an emerging trend. In
this study a TSM alternative was developed and used as
the benchmark alternative for the analysis year. This
represents a borderline type of approach to fulfilling both

however, has considerable validity, as reflected in the
NCHRP guidelines that call for the assumed completion

of committed projects for short-term analysis. In the
West Shore case, the planned and committed projects
were TSM improvements, Thus the baseline and TSM
alternatives were seen to virtually coincide and were sub-
sequently consolidated into a single alternative.

Table 2 also shows that three types of TSM alternatives
can be identified. The first of these is termed a distinct
TSM alternative. This is a single alternative that repre-
sents the application of TSM technologies or actions to
the forecasts of travel demand. The second type of TSM
treatment is the integration of a fixed set of TSM actions
into all or several of the alternatives. The third type of
TSM consideration is the integration of different TSM
actions in different alternatives designed to complement
and support the major features of the alternative,

It should be noted that several of these studies were
completed or in midstream when consideration of TSM
improvements were mandated in September 1975, The
Buffalo and 1975 Denver reports (2, 15) are examples of
this timing situation and consequently neither shows any
consideration of specific TSM improvements. The Pitts-
burgh and the draft San Juan reports (3,6), however,
were published well after September 1975 and show no
consideration of TSM. This can probably be attributed
to delays in incorporating TSM into the alternatives
analysis process.

The most common treatment of TSM in the other
studies was as a distinct alternative. One study, the
1915 Honolulu effort (4), appears to have developed a
fixed set of TSM actions that was incorporated into sev-
eral alternatives. In the studies in Los Angeles, Miami,
and the F-corridor in Washington (1,9, 10), a number

Table 2, Characteristics of baseline and
TSM considerations in past alternatives
analysis studies.

Baseline Alternative

TSM

Benchmark-

Study Maintcnance

Extended
Service

Integrated
Distinct -
Alternative Fixed

Improved

Service Variable

Buffalo
Denver
1975
1976
Honolulu
1975
1976
Los Angeles
Miami
Pittsburgh
San Juan
Washington
F
J-H
K
West Shore

X

X

X

R

b
[
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Figure 2. Factors that influence the
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of alternatives incorporated different TSM actions as
complements to other features of the alternative. The
use of the TSM alternative as a baseline in the draft
West Shore report (13) was noted above.

CONCLUSIONS

This paper has presented the results of an investigation
into the process of generating alternatives for analytical
studies of major urban mass transit investments. Among
the questions considered were the following:

1. What are the inputs to alternatives?

2. What techniques have been used to generate
alternatives?

3. How have alternatives been defined?

The initial portion of the paper examined the actual
use of inputs to the alternatives generation activity within
the planning process. The analysis also focused on the
timing or location of the alternatives generation activity.
Figure 2 brings the results of these two investigations
together. This diagram shows the factors that influ-
ence the identification of alternatives. Because the flow
chart is a composite of a variety of conceptual and ac-
tual approaches, it represents a description of the uni-
verse of possible inputs and their interrelationships.

Although the intent of this diagram is not to prescribe
how planning and alternatives generation should be ac-
complished, the flow chart constitutes, in a sense, a

simple generalized model of the planning process. Ac-
tivity begins with the formulation of local and national
goals and objectives. On the basis of local objectives
and growth trends, a series of alternate forecasts of
future socioeconomic, transportation, and land use con-
ditions are generated and input to an assessment of
needs. Needs are determined on the basis of these fu-
ture forecasts and the inventory of current conditions
and facilities. From these stated needs, a set of cri-
teria may be developed that specify what characteristics
and properties an individual alternative and the col-
lective set of alternatives must possess. These criteria
for output are then fed into the alternatives identification
process. A set of seven new potential inputs may also
be tapped. These include local constraints and opportu-
nities, external constraints, carry-over alternatives, the
spectrum of available technologies, an assessment of
operational feasibility, public involvement, and avail-
able resources. The final potential input to alternatives
generation is the feedback or refinement loop that origi-
nates in the activities of impact prediction and evalua-
tion of prior iterations of the planning cycle.

The flow chart in Figure 2 is a depiction of the state
of the art in the area of the organization of and inputs
to the task of generating alternatives. A number of
other specific conclusions can be drawn from the in-
vestigation.

Overall, the activity of generating alternatives has
not received the attention given to other elements of the
planning process such as impact prediction and evalua-
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tion. As a result, both the conceptual approaches and
actual alternatives analysis experience show a marked
lack of documentation in this area. The generation of
alternatives has been largely glossed over or taken for
granted. The sample of alternatives analysis reports
shows little internal awareness of the planning process
and almost no attention to the ways by which alternatives
are developed.

The relationship between goals or objectives and the
development of alternatives was relatively weak., Al-
though many of the sample reports listed local and na-
tional goals and objectives, little use was made of them
in the task of developing alternatives. In only one or
two studies were actual linkages present that linked a
specific alternative to a specific objective.

The conceptual approaches make an assumption of a
clean slate that is seldom found in actual practice of
alternatives analysis. The review of sample reports
indicated that alternatives analysis studies were often
significantly influenced by prior analysis efforts. The
prevalence of carry-over alternatives indicated that many
external forces shape the technical work of the planning
and analysis cycle.

The search for local opportunities and constraints was
among the most prevalent inputs to alternatives genera-
tion in past alternatives analysis studies. Other major
inputs were alternatives carried over from previous
studies. Goals, objectives, and public involvement were
widely documented but failed to exert much substantive
influence on alternatives generation, The weakest or
least-cited inputs were assessments of operational fea-
sibility needs and forecasts of future socioeconomic,
population, and land use configurations.

Significantly, the review of sample studies showed that
almost none of the completed efforts developed criteria
or specifications for individual alternatives and the set
of alternatives. As a result, few studies exhibited a
clear idea of what an alternative actually was. The
product of the alternatives generation activity was never
specified in advance.

Overall, public participation in the identification of
alternatives was weak in completed alternatives analysis
studies. Although public involvement was widespread,
it did not penetrate to the actual formation of alternatives
for analysis. Public involvement was largely viewed as
a review and comment function after a basic set of al-
ternatives had already been devised.

In general, the sample reports indicate a lack of al-
ternatives screening and refinement. Miami and the
draft West Shore reports document a process of develop-
ing a small set of detailed alternatives from a large num-
ber of preliminary alternatives. Other studies appeared
to only generate a small number of alternatives and varia-
tions on them for input to the analysis. Some alterna-
tives analysis studies may have included multiple itera-
tions and refinements but failed to document the process
in the final report. The Pittsburgh South Hills study
documents a set of criteria for such a refinement pro-
cess.

Although some have suggested the application of op-
erations research techniques (such as mathematical
programming) to the task of alternatives generation,
there is no widespread recognition that these techniques
are particularly effective or cost saving. Rather, the
general conception appears to be that these techniques
are simply too limited and too complex for general use
in generating alternatives.

The most common technique for generating alterna-
tives in both the conceptual approaches and the alterna-
tives analysis experience is a loosely structured creative
trial-and-error method. This technique constitutes a
default option and is seldom articulated or documented
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as the procedure to follow in a given instance.

The concept of an alternative has not been fully de-
fined. UMTA policy statements have provided some
criteria for individual alternatives but, on the whole,
UMTA has refrained from issuing a rigid specification
of what an alternative must incorporate. As might be
expected, alternatives analysis studies have shown a
variable conception of the content or characteristics of
alternatives. Despite the existence of guidelines for
the implementation of the National Environmental Policy
Act of 1969, the sample alternatives analysis reports
show no common perception of what a baseline alterna-
tive is. Indeed, not even all the studies included base-
line alternatives although it is a clear requirement of
the regulations. Three different interpretations of the
baseline alternative were identified.

The sample studies display similar varying treatments
of TSM concepts. Some studies predated TSM require-
ments, others interpreted the need to consider the TSM
approach in three different ways. The Los Angeles study
provided the most thorough discussions of TSM potential.

Future problems may arise in distinguishing between
baseline and TSM alternatives. If the strictly defined
benchmark alternative should include planned and com-
mitted projects, then areas that have active TSM im-
provement programs will find little to distinguish a base-
line from a TSM alternative,

Overall, alternatives analysis experience has corre-
sponded closely to the general state of the art in the
identification of alternatives. In large part, this may
be due to the fact that the state of the art has not devel-
oped much beyond an intuitive judgmental status. It is
apparent that past alternatives analyses have ignored
several potential inputs to the generation of alternatives.
More important has been the lack of internal or process
awareness exhibited in the draft and completed alterna-
tives analysis reports. Little consideration has been
given to the activity of identifying alternatives and,
therefore, its significance and the importance of how
the process is carried out have gone unrecognized.
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Factors Affecting Willingness to

Conserve Gasoline

Catherine E. Meyers

This paper explores the role of travel behavior, demographics, and atti-
tudes toward energy conservation to explain consumer willingness to con-
serve gasoline. Data from a telephone survey of 500 New York house-
holds were analyzed on several measures of willingness to conserve by
using a statistical analysis procedure called automatic interaction detec-
tion. It was found that willingness to conserve gasoline is generally inde-
pendent of demographics, travel behavior, and other attitudes toward
energy. The factors of mild importance included residence location
(New York City residents were more willing to conserve) and attitudes
toward use of energy in the United States. Generally, those New Yorkers
most willing to conserve were those who had (a) the least to lose if gaso-
line were curtailed, {b) the most flexibility in current travel behavior, and
(c) the most additional service options available. A brief review of other
recent surveys shows that the public is consistently receptive to policy
that encourages gasoline conservation by increasing travel options and
offering incentives for their use. Punitive or restrictive measures are met
with strong disfavor. Based on the results of this and other studies,
policy suggestions include increased perception of travel options and
their true costs, increased transit services, and stabilized fares.

In the spring and summer of 1979, reduced availability
and rapid price increases of gasoline disrupted the
mobility-oriented American life~-style. More than 50
percent of the petroleum consumed in the United States
is used by the transportation sector; half of that is used
by cars. Obviously, conservation in this sector would
contribute significantly to improving the future outlook
of our energy situation. If we are to make headway, we
must understand how to encourage consumers to con-
serve gasoline. The purpose of this study is to deter-

mine which factors (including travel behavior, demo-
graphics, and attitudes toward energy) can be used to
predict willingness of travelers to conserve gasoline. A
complete description of the analysis and conclusions can
be found elsewhere (1).

Numerous surveys and polls have been conducted in
recent years concerning Americans' views of energy
use and conservation. The National Assessment of
Education Progress conducted a nationwide survey of
26- to 34-year-olds in the summer of 1977 (2). More
than 90 percent of those surveyed believed that energyand
gasoline shortages would be serious problems at some
time in the future. The large majority stated that they
take energy into consideration when they purchase a
car or home, travel to work, and vote (level of education
was the most significant variable highlighting differences
between groups). Similarly, a statewide poll in Wis-
consin conducted in June 1977 (3) showed education to
be the only significant differentiating factor; Level of
education and awareness of energy issues were directly
correlated. Although energy was the most frequently
mentioned problem that confronts the state, less than
one person in five believed energy shortages would
become a permanent feature of American life.

The New York State Department of Transportation
conducted a public opinion survey on energy and trans-
portation in the fall of 1977 (4). Almost three-quarters
of New York's residents thought that the energy problem
was at least fairly serious. The most favored proposal
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for cutting gasoline use was encouragement of transit
use within cities and between cities. The approaches
that increase travel options and offer incentives for
saving energy were greatly preferred over forced or
travel-restrictive programs.

A nationwide poll conducted for the U.S. Department
of Transportation (DOT) in 1978 (5, 6) showed the most
favored proposals for reducing gasoline consumption to
be as follows:

1. Enforcement of 88-km/h (55-mph) speed limit,
2. Allocation of funds to improve transit, and
3. Encouragement of carpooling.

The least acceptable proposals were gasoline rationing,
increased gasoline tax, and restriction of downtown
parking. The most frequently cited advantages of com-
muting by automobile were speed, convenience, and
flexibility. Rapid, steep price increases (like those
that occurred in the winter of 1973-1974 and spring and
summer of 1979) tend to slow down gasoline consump-
tion, whereas gradual, incremental increases do not.
Almost all of the changes occurred in discretionary
travel and very little in commuting habits. A February
1979 Gallup poll (7) showed that Americans believed
energy to be the nation's third-most-important problem,
after inflation and foreign policy. (In February 1973,
energy did not rank on the list of top 15 problems.)
Gasoline rationing that would require a one-quarter
reduction in driving was opposed 52 percent to 40 per-
cent; 8 percent had no opinion. Only one-third expected
a repetition of the long gasoline lines of 1973-1974. Not
quite one-half of the respondents indicated that they were
making an effort to save energy in the transportation
sector.

In March 1979, 70 percent of those polled by As-
sociated Press-NBC News (8) believed the imminent
gasoline shortages were a hoax designed by the major
oil companies to force higher prices. This figure
dropped by only 5 percent in June (9), even after severe
shortages were evident. A survey conducted by the
New York Times (10) in May 1979 showed that changes
occurred in summer vacation plans in the face of reduced
gasoline availability and increased prices. Such changes
included shorter automobile trips (particularly those
that exceeded a tankful of gasoline), increased use of
public transportation, and an increase in travel and
lodging reservations.

STUDY DESIGN

The data for this study were collected by the 1977 public
opinion survey (4). The data consist of a random tele-
phone survey of 500 households in New York selected in
multistage fashion from four geographic strata: New
York City, large metropolitan areas, small metropol-
itan areas, and rural areas. Within strata, sampling
is proportional to population,

The question used to derive attiludes loward gasoline
conservation consists of 13 proposals to conserve
gasoline and was as follows:

Do you agree or disagree with each of the following
ways to encourage New Yorkers to cut gasoline use?

Law limiting new car size.
Tax on new big cars.
Enforce 88-km/h (55-mph) speed limit.
Increase gasoline prices through taxes.
. Ration gasoline to families, with certain ex~
emptions.

6. Commuter and parking taxes.

7. Incentives for carpooling.

O WO DD
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8. Rebate for buyers of little cars.

9. Encourage people to plan trips better.
10. Encourage people to shop closer to home.
11, Encourage people to shop less frequently.
12, Improve traffic flow on city streets.
13. Build more superhighways.

An answer of agree = 1, neutral = 2, and disagree = 3.

Index = T responses/13 range = 1.00-3.00
Consolidation of the 13 responses into one average
score yields an attitude index toward gasoline conser-
vation that is used as the dependent variable to be ex-
plained by predictor variables.

A statistical grouping procedure known as automatic
interaction detector (AID) was used for the analysis.
The technigue has recently scen much application in
transportation planning (1,11-13). AID produces a
series of mutually exclusive binary splits that maxi-
mize the between sum of squares (BSS) and minimize
the total sum of squares (TSS) between each successive
pair. The process continues until no more splits can
be made in accord with the given criteria for significance.
The BSS for each split divided by the TSS of the sample
equals the percentage of variation explained by a split.
The BSS and TSS for each split are summed to yield the
total amount of variation explained. This statistic,
analogous to R?, defines the power of AID to predict the
dependent variable with the given independent variables.

Three series of tests were made, each using the
same dependent variable (mean index). The first uses
demographics and behavioral data as the predictors
(note that the first five listed are the best predictors):

1. Stratum (New York City, large urban, small
urban, or rural),

2, Mode to work of principal wage earner,

3. Family size,

4. Number of work or school trips made by mem-
bers of household yesterday,

5. Number of cars per household,

6. Distance from home to work,

7. Number of shopping or recreation trips made by
members of household yesterday,

8. Number of personal business trips made by
members of household yesterday,

9. Age of respondent, and

10. Sex of respondent.

A second test uses attitude information toward other
aspects of energy as the predictors (note that all but
6c and 6d are the best predictors):

Belief in energy crisis,
Price of gasoline,
""United States uses more energy than we have,"
Where should New York conserve energy,
How should we encourage transit use within
cities, and

6. How should we encourage transit use between
cities: (a) higher automobile tolls, (b) lower train and
bus fares, (c) higher air passenger tax, or (d) tax break
to companies that urge public transportation for business
travel.

et el ol

A third AID analysis was also performed by using
the best of both sets of predictors (the first five in the
first list and all but 6c and 6d in the second list), mean-
ing those predictors in the first two tests that explained
the most variation of the sample data.



Transportation Research Record 751 29

Figure 1. Analysis of best behavioral and attitude factors influencing willingness to conserve gasoline.
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RESULTS

Overall AID results are shown in Figure 1. In none of
these tests were the predictor variables under con-
sideration able to explain more than 15 percent of the
variation in attitude toward willingness to conserve
gasoline. The results show clearly that willingness

to conserve gasoline is apparently independent of many
primary demographic, behavioral, and attitudinal
descriptors. This result is disconcerting since it sug-
gests that clearly defined consumer segments are not
identifiable; therefore, the task of encouraging con-
servation will not be easy.

The best of behavioral and attitude variables (Fig-
ure 1) show that those most agreeable to gasoline con-
servation were those who feel that raising automobile
tolls will encourage gasoline conservation and disagreed
that excess U.S. consumption has caused the energy
crisis. Those who live outside of New York City and
do not agree with raising highway tolls are least willing
to conserve.

Location

All our tests showed New York City residents to be
more agreeable to gasoline conservation than residents
of the rest of the state, This is reasonable since New
York City has greater availability of existing transit
options and averages fewer cars per household than do
other areas of the state. Less dependence on private
automobile means New York City residents would incur
fewer disruptions of current life-style if gasoline con-
servation policies are enacted.

Work Travel

The general tendency separates those households whose
members work (regardless of mode of travel) from
those households that make no work trips; the latter
are more agreeable to gasoline conservation. Absence
of the daily work trip means that the proportion of dis-
cretionary travel is much higher. Discretionary travel
lends itself to greater flexibility in timing and ordering
of activities that require travel, which increases the
probability of finding suitable travel options.

Raise Highway Automobile Tolls

The most significant attitude factor was response to a
proposal to raise highway automobile tolls to encourage
energy savings between cities. Those who agree with
the statement are more agreeable to gasoline conserva-
tion than those who are neutral or disagree. Apparently,
those who agree view increased travel cost as a trade-
off for retaining travel independence. Furthermore,
they may not encounter tolls regularly and would then

be insensitive to policy actions.

Awareness of Energy Problem

Not surprisingly, those who did not believe an energy
problem exists are least agreeable to conserving
gasoline. Although the number of disbelievers is small
(N = 24), this observation was congruent with the litera-
ture and supports the view that perception of the energy
situation as a problem is one underlying factor that con-
tributes to an attitude agreeable to energy conservation,
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Lowering Train and Bus Fares

Those who are most agreeable to gasoline conservation
find reduced fares to be an incentive for transit use
between cities but exclude them as an incentive for
transit use within cities. Obviously, situational factors
require consideration here. The impact of lowering
fares between cities would be primarily on discretionary
travel. Lowering fares within cities is intended to
attract the daily work trip.

SUMMARY AND POLICY
IMPLICATIONS

Willingness to conserve gasoline is generally in-
dependent of demographics, patterns of travel be-
havior, and other attitudes toward energy. Only 15
percent of the variation in wiilingness to conserve
gasoline could be explained in any of the tests made.
Those New Yorkers who have options available to them,
whose travel behavior patterns are flexible, and who
currently consume relatively low amounts of gasoline
are most agreeable to gasoline conservation. The
public favors policies that increase travel-restrictive
and punitive measures. No matter what their potential,
policies cannot be effective unless they have public
support.

Three component parts interact to effectively in-

PR =Y T~ woavrnl anoe

crease travel Optiuub.

1. Increased service availability,
2. Increased cost availability, and
3. Increased perception of travel options.

The daily commute to work and holiday travel are two
separate issues. The daily work trip is nondiscre-
tionary; any changes in services or costs have a high
potential impact on daily activity patterns. Vacation
travel can be adjusted to accommodate any service or
monetary limitations.

With respect to increased services, it is obvious
that, unless services are available, they will not be
used. Of particular importance is transit service.
Planners need to give careful consideration to travel
patterns, possible additional or revised transit routes,
and increased frequency. Since speed and convenience
are often cited as advantages for driving alone, ex-
press transit services from areas of high population
density, such as apartment complexes, to central
business districts must also be considered. Park-
and-ride lots located at large shopping malls would
minimize required capital investment and provide
needed services in some communities. Better transit
services between cilies, connected to convenient local
transit services from depots, would make intercity
transit a more attractive alternative for long-distance
travel.

Concerning awareness of energy matters, much
more can be done to provide practical knowledge about
gasoline conservation. Emphasis on conservation in
school curriculum is a long-term approach. Fair
treatment of energy issues by news media, publicity
of available travel options by the advertising and travel
industry, and dissemination of information on available
options should all be used to provide the public with a
better-founded perspective on energy matters for basing
travel decisions.

Our studies show that the policies most favored by
the public to promote savings in gasoline consumption
are those that increase the alternatives for gasoline
conservation. Options must be available before they can
be chosen. But it is evident that gasoline conservation
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will not be effectively promoted by any single approach;
therefore, an array of travel options is needed. Pre-
sentation should be made in such a way that several
advantages are perceived (i.e., monetary savings, speed,
convenience, and safety). By such means, willingness
to conserve gasoline can be increased and gasoline use
reduced,
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Park-and-Ride Planning for Energy
Conservation: An Optimization

Methodology

John G. Schoon

A linear programming approach is used to allocate the location and size
of park-and-ride facilities to minimize energy use. The basic objective
is to minimize the use of energy by estimating the minimum vehicle
kilometers traveled for specific corridor or areawide park-and-ride pro-
grams. Parameters such as vehicle occupancy, travel costs, constraints
that include transference of core-area parking to fringe areas, and
community-imposed limits on parking in suburban areas are considered.
Thus, the model is made responsive to areawide energy conservation,
program costs, transportation system management and transportation
control planning actions, and community policy concerns. This nor-
mative approach to park-and-ride planning is performance oriented; the
results of other demand models are used as inputs to the linear pro-
gramming process. It can assist also in contingency planning for energy
savings by defining the allocation of park-and-ride facilities to meet
specific levels of energy use subject to related system capabilities and
constraints. The use of standardized linear programming routines per-
mits rapid and relatively inexpensive evaluation of alternative scenarios
by planners and decision makers. The paper describes the modeling
techniques used and areas of approximation in the techniques and pro-
vides a hypothetical example to illustrate the type of results available.
It concludes with a brief discussion of areas that warrant further investi-
gations to assist in developing the techniques discussed.

Extensive interest is currently focused on park-and-ride
facilities because of their beneficial impacts such as
fuel savings, reduced air pollution and downtown traffic
congestion, and more limited use of the private automo-
bile in general.

Also, specific policy actions such as transportation
system management (TSM) and transportation control
planning (TCP) measures have emphasized public trans-
portation and, therefore, the need for park-and-ride
facilities, These factors, in addition to federal, state,
and local involvement in the planning process, require
a rational, coordinated planning effort.

Accordingly, this paper describes investigations and
initial results of a transportation analysis approach, by
using mathematical programming techniques to minimize
the fuel needs of park-and-ride users consistent with
TSM and other appropriate public policy concerns.

ENERGY SAVINGS AND PARK-AND-
RIDE LOCATION

If the locations and number of spaces at specific park-
and-ride facilities can be arranged to minimize the ve-
hicle kilometers traveled by commuters who drive to
main-line transit facilities, the maximum amount of

fuel savings will result from this category of user. At
present, however, many commuting motorists do not
drive to the nearest (or any) park-and-ride facility,
Their choice is affected by mode selection factors, which
may include the following park-and-ride-related con-
cerns:

1. Access problems from adjacent arterials and
freeways;

2. Certain lots being full before others;

3. Cost of using specific lots;

4. Level of attractiveness (fare, travel time, or con-
venience) of associated main-line transit;

5. Restrictions by gpecific municipalities on the use
of lots within their jurisdiction (often due to environ-
mental considerations) and community concern about
traffic impacts;

6. Comparative advantage of using automobile ver-
sus main-line transit for specific route segments; and

7. Security conditions at specific parking lots.

An areawide or corridor plan that details the loca-
tions and sizes of park-and-ride facilities to minimize
vehicle kilometers of travel consistent with the above
policy and operational concerns can provide a guide for
planners faced with coordinating transit (rail and bus)
and related programs. The plan becomes all the more
useful if changes in inputs (such as costs, vehicle occu-
pancies, and development constraints) can be readily
accommodated in the analysis process.

PLANNING METHODOLOGIES

Current Approaches

Various methods of mode-of-access analysis have been
proposed to rationally estimate the demand for park-
and-ride spaces for motorists who use public transpor-
tation for the major portion of their commuting trip.
Mode of access means the mode of transportation used
between home and the change-of-mode (in this case park-
and-ride) facility. These methods may be categorized
as descriptive (deterministic or probabilistic) demand
models or normative (performance-oriented) models.

Examples of recent deterministic models are those
of Abdus-Samad and Grecco (1,2), which use linear re-
gression analysis based on experience at existing fa-
cilities. A similar mathematical basis is provided by
Keck and Liou (3), primarily based on motorists' travel
times and costs. Probabilistic methods of estimating
demand include those used for Altrincham, England (g),
and a(p;cobit analysis used for facilities in Washington,
D.C. (5),

Regarding normative approaches to park-and-ride
planning that specify or define the performance of a
given plan for the allocation of parking spaces in terms
of criteria such as energy saving and increased transit
ridership, relatively few methodologies have evolved.
One example, proposed by Schneider and others (6) for
use in Seattle, uses interactive computer graphics and
a worth score of travel characteristics to estimate,
iteratively, a preferred plan. A linear programming
approach to the allocation of parking spaces for minimum
vehicle kilometers of travel and minimum cost objectives
subject to community and other constraints on the num-
ber of spaces and associated TSM and TCP measures has
been proposed by Schoon and others (7, 8).

Mathematical Programming Approach for
Park-and-Ride Planning

Development of normative park-and-ride planning models
can assist in transportation planning by providing es-
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timates of systems performance in terms of vehicle
kilometers of travel and cost, subject to transportation
operations and management programs and to public
policy constraints.

The analysis outlined in this paper, therefore, is the
result of ongoing efforts at Northeastern University to
formulate a methodology for developing park-and-ride
plans, specifically in terms of energy savings and mone-
tary costs, that are also responsive to community con-
cerns and transportation operations efforts, The meth-
odology is being designed to be as direct as possible in
its inputs, analysis processes, and outputs to enable
planners and decision makers to explore a full range of
scenarios and policies with maximum flexibility.

Some of the more significant capabilities of the math-
ematical programming approaches to park-and-ride
planning are as follows:

1. Determination of the absolute minimum total
vehicle kilometers of travel and the allocation of lots
and spaces can be made, consistent with any given set
of parameters and constraints. This may also be done
manually for a limited number of park-and-ride facili-
ties; however, it becomes tedious or impractical when
a large number of facilities are planned.

2. Determination of the allocation of lots and the
number of parking spaces within each lot to provide the
absolute minimum cost for any given set of parameters
and constraints can be determined,

3. TSM actions can be tested to see how effective
they may be in terms of energy use on an areawide or
corridor basis. This can be done by varying the input
parameters such as facility locations, vehicle occupancy,
and facility costs.

4, Effects of community-related requirements can be
explored by varying input constraints such as the maxi-
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mum number of available spaces at a given location.
For instance, if the likelihood of obtaining parking
spaces at one lot is very low, the effects on areawide
vehicle kilometers of travel due to a potential redistri-
bution of park-and-ride facilities can be determined.

5. Under contingency circumstances, it may be nec-
essary to induce motorists to park at specific park-and-
ride facilities in order to limit fuel consumption to pre-
determined levels. A mathematical programming ap-
proach can determine which park-and-ride location is
preferable for each motorist in order to attain this ob-
jective,

Thus, the mathematical programming approach can
be considered as an extension of demand analysis. By
using this concept, demands that result from uncontrolled
or controlled variables can function as input parameters

and constraints that affect the attainment of ohiectives

by means of a specific park-and-ride plan,

PRINCIPAL FEATURES OF THE
METHODOLOGY

Overall Process

Overall concepts associated with formulation of an in-
tegrated, areawide or corridor plan for park-and-ride
facilities by use of mathematical programming techniques
can bhe illustrated as shown in Figure 1. This diagram
summarizes the technical analysis and public policy fac-
tors that lead to a final presentation of alternative strat-
egies or plans for the location and size of park-and-ride
facilities in fringe or suburban areas. The process is
divided into two principal stages: (a) the initial estab-
lishment of travel variables such as modal split and ve-
hicle occupancy and (b) the analysis process that leads

Figure 1. Park-and-ride planning process—principal elements.
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to initial results, which can be used as guidelines for the
park-and-ride plan and as inputs to a number of itera-
tions for progressively refining the plan and incorporat-
ing potential operational and policy options. The major
features of this two-stage process are described below.

Establish Travel Variables

The essential steps in the identification of zone-specific
variables are as follows.
transportation facilities within the area, including ser-
vice frequency, capacity, level of service, usage deter-
minants, and a detailed investigation of park-and-ride
and other facilities associated with public transportation.
The investigation includes an inventory of facilities, user
origin patterns, fares, and usage levels. Next, identify
existing and potential park-and-ride locations and capa-
cities.
and other locations can be identified at this time, as well
as the more usual rail-transit-related park-and-ride
lots.

Based on analysis of the extent of detail required,
determine the extent and boundaries of line-haul transit
station influence areas or analysis zones. Then, formu-
late station influence area or zone-specific constraints,
including those for community concerns, modal split,
mode of access, and parking-lot capacities. Formula-
tion of the appropriate limits for use in the constraints
will result from factors such as carpooling, extent of
likely feeder bus, kiss-and-ride, dial-a-ride service,
and other mode-of-access determinants.

Progressive Optimization and Evaluation

This stage of the process is concerned with the optimal
capacity of the park-and-ride lot and the evaluation,
iteration, possible modification, and assessment of the
implications of each scheme, The optimization process
for each of the strategies mentioned previously is con-
ducted, with the necessary iterations, as follows:

1. Conduct initial optimization for each alternative
by using the measure of effectiveness defined from an
initial assessment of vehicle kilometers of travel and
costs by using the constraints defined earlier;

2, From the initial allocation of park-and-ride fa-
cilities, reassess vehicle kilometers of travel for each
zone and conduct the first iteration optimization of each
strategy;

- 3. Conduct further iterations by modifying vehicle
kilometers of travel inputs until the final optimization
is achieved;

4. Conduct sensitivity analyses to establish implica-
tions of varying levels of investment and other deter-
minants;

5. Present findings and implications of each of the
strategies under the defined constraints; and

6. Modify public policy emphasis, funding levels, or

other constraints if implications of the initial master plan
are unacceptable or if policy options require modification.

Although linear programming is the specific optimiza-
tion method described here, potential may also exist for
other forms of analysis such as goal programming or
dynamic programming.

Linear Programming Applications

Linear programming is often used as a tool for selecting
a course of action given a quantitatively defined objective
and associated constraints. Land use and transportation

planning applications of linear programming to determine

First, identify line-haul public

Those at shopping centers, highway interchanges,
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the optimum location of land uses related to transporta-
tion facilities approaches have been described by Herbert
and Stevens (9), Harris (10), and Blunden (11). Recent
investigations in network planning, which involved linear
programming techniques (12-14), have indicated a poten-
tial for its use, although effective applications have often
been hampered by a lack of truly quantitative data and
difficulties in controlling levels of the factors involved.
A formal mathematical statement of the general linear
programming problem may be stated as follows: Find
X1, X, ..., X,, which maximizes (or minimizes) the
linear function

2=¢1 Xy tCpXg ...t CoXp 1)

subject to the restrictions

a Xp tagXxy to tagnx, < by (2)
a21X; tayXy .. tay X, < by 3)
A iXj TamaXs Tt ... FldgaXe < by (4)

where x; >0, X220, ..
given constants.

The above model, interpreted in terms of park-and-
ride planning, states that, given n competing activities,
the decision variables x,, xz, ..., X, represent the levels
of these activities (the number of parking spaces in each
of n park-and-ride lots). If each activity is the forma-
tion of units of the jth product, c, is the increase in the
overall measure of effectiveness (vehicle kilometers of
travel or cost) that results from production of each unit
of a corresponding product. The number of relevant
scarce resources is m, and each of the m linear ine-
qualities expresses a restriction (constraint such as
available land for park-and-ride spaces) on one of these
resources. Each b, is the amount of resource i (such
as total program vehicle kilometers of travel or cost)
available to the n activities, and a,; is the amount of re-
source i consumed by each unit of activity j. The total
usage of the respective resources is given by the left
side of these inequalities. The nonnegativity restric-
tions (xJ, 0) express the fact that a negative quantity of
an activity cannot exist.

., X, 2 0anda,,, b, and ¢, are

EXAMPLE: PARK-AND-RIDE FACILITIES
IN A RADIAL CORRIDOR

Problem

A frequent situation is the problem of allocating park-
and-ride spaces in lots throughout a specific corridor
served by various forms of main-line transit for the
major portion of the commuting t{rip between home and
the city core area. The hypothetical, simplified ex-
ample presented here illustrates the main features of
a linear programming approach.

The following features are assumed in the corridor
analysis:

1. Five stations (referred to as Q, R, S, T, and U)
constitute the possible park-and-ride stations in a cor-
ridor (see Figure 2);

2, The average vehicle kilometers of travel per ve-
hicle associated with each station is such that the dis~
tances between users' homes and park-and-ride facili-
ties (mode-of-access distance) are greater the farther
the station is from the core area;

3. Average cost per park-and-ride space associated
with each station tends to decrease the farther the sta-
tion is from the core area;
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4, The constraints on the number of parking spaces
(modal split, mode of access, street access, and com-
munity concerns) have been consolidated to provide one
upper and one lower level of parking space constraints
for each station;

5. If the number of available parking spaces at a
given park-and-ride facility is reduced, it is assumed
that park-and-ride users will divert to the next park-
and-ride location nearest the core area; and

6. For purposes of simplifying the example and for
clarifying the essential relationships, the effects of kiss-
and-ride and feeder bus users have not been included.

The major strategies to be examined will be called

Figure 2. Example of layout of park-and-ride facilities.
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strategy 1, minimization of vehicle kilometers of travel,
and strategy 2, minimization of system costs. These
two strategies represent the extreme points of the rela-
tionship of cost and vehicle kilometers of travel for the
specific constraints and, as such, assist in defining the
cost and vehicle kilometers of travel domain within which
possible variations in the master plan can be formulated.

Formulation of the model, indicating the strategy and
alternative breakdowns and the associated constraint
levels, is shown in Figure 3. This summarizes the es-
sential components described above and provides the in-
puts for the linear programming analysis. Key parame-
ters, constraints, and other features of the problem
formulation are also shown in this figure.

The major outputs of the analysis for strategies 1 and
2, by using a standard computer linear programming
package, are summarized in Table 1. The principal
points of note in this table concerning vehicle kilometers
of travel and total costs are that the minimum attainable
vehicle kilometers of travel for the commuters in the
example corridor for the specified parameters and con-
straints is 32 536 km. The corresponding cost for im-
plementation of this plan is $52 621, When the minimum
cost of implementing a plan consistent with the specified
parameters and constraints is the objective, the total
cost can be reduced to $45 208. However, under this
plan the corresponding vehicle kilometers of travel in-
creases to 54 628 km.

Differences that correspond to the above can be seen
in terms of average vehicle kilometers of travel and cost
per park-and-ride space. A check on the allocated park-
and-ride spacées at each of the stations indicates that all
of the specified constraints are met.

The basic output data shown in Table 1 also provide
overall assessment of each strategy and establish rela-
tionships between key variables that can be adjusted to
investigate sensitivity and general relationships.

Sensitivity Analysis

The sensitivity of the cost versus vehicle kilometers of

Boundary travel relationship to changes in vehicle occupancy, unit
costs, and reductions in core parking is shown in Figure
4, This illustrates, for specified changes in these pa-
: : rameters, how the cost and vehicle kilometers of travel
Figure 3. Example of problem formulation.
Each PAR space at Station Q
results in an average travel
distance of 7.0 Km,
STATIONS TOTAL APPLICABLE STRATEGY
ITEM (] 3 U STATIONS ___ #1
OBJECTIVE FUNCTION:
1. Minimize VKT, K = + 8k 4 9F 4 Jop o+ Jp = Total VKT X
2. Minimize Cost, € = + 13 ¢+ 9» + 7p + 5p = Total Cost X
Each PAR space at Station
Q costs the system $17.00 coppipoR CONSTRAINTS:
1. Lore parking
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2. Core parking
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per automobile,
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Table 1. Park-and-ride optimization plan—summary

Vehicle
of results. Park-and - Kilometers  Unit
Ride Vehicle Distance  Traveled Cost  Cost
Station Spaces Occupancy Persons (km) (km) ($) ($)
Strategy 1
Q 2000 1.4 2800 11 14 000 17 34 000
R 617 1.2 740 13 4 936 13 8 021
S 800 1.1 880 15 7 200 9 7200
T 200 1.1 220 16 2 000 T 1400
U 400 1,1 440 18 4 400 5 2 000
Total 4017 5080 32 536 52 621
Strategy 2
Q 400 1.4 560 11 2 800 17 6 800
R 616 1.2 740 13 4 928 13 8 008
S 800 1.1 880 15 7200 9 7200
T 2100 1,1 2310 16 21 000 7 14 700
U 1700 1.1 1870 18 18 700 5 8 500
Total 5616 6360 54 628 45 208
Notes: 1 km =0.62 mile.
For strategy 1, the average vehicle kilometers traveled to a park-and-ride space is 8.1 and the
average cost is $13.1.
For strategy 2, the average vehicle kilometers traveled to a park-and-ride space is 9.7 and the
average cost is $8.1.
Figure 4. Relationship between cost and vehicle 70 - UNIT COST (+25% to -15% of base condition)
kilometers of travel and example of selected changes ey
in input parameters and constraints. \ ~c VEHICLE
| S OCCUPANCY (+20% to -10% of base condition}
60 | ! =4
MINIMUM T ™ S SIS
VKT | =~ !
STRATEGY 1 L !
vz, CORE PARKING
“we._ REDUCTIONS (+5% to -25% of base condition )
5 50 - 2
g
- MINIMUM COST STRATEGY
x
L ad
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=40 o AND MINIMUM COST
8
Note: 1 km = 0.62 mile.
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will change. I substantiates and quantifies the intuitive

analysis that

1. Reductions in vehicle occupancy will simultane-
ously reduce costs and vehicle kilometers of travel and
vice versa,

2. Increases in unit costs will increase total costs
but will not increase vehicle kilometers of travel pro-
vided that no upper total cost is imposed on the program.

3. An increase in parking restrictions in the city
core will require a greater provision of park-and-ride
facilities. Hence, a greater increase in total cost and
vehicle kilometers of travel associated with park-and-
ride facilities will result, A decrease in the core park-
ing requirements will have the opposite effect.

The sensitivity relationships illustrated in this ex-
ample show changes in the basic condition when changes
are made in only one parameter at a time. However,
different combinations of parameters and constraints
can be changed simultaneously. Also, the linear pro-
gramming method would result in step functions rather
than the generalized straight-line relationships shown
in Figure 2.

Another important area of interest in sensitivity
analysis is in exploring the effects of varying the ac-
ceptable number of parking spaces at a specific station.
Consider, for example, the following four alternatives
associated with station S:

Alternative 1—800 park-and-ride spaces must be
provided at station S;

Alternative 2—upper limit of 400 park-and-ride
spaces must be provided at station S;

Alternative 3—0 spaces allowed at station S; and
Alternative 3A—same as alternative 3, but with in-
creased vehicle kilometers of travel for users from influ-
ence area of station S due to their diversion to station R.

Based on substitution of each revised constraint in
the problem format and rerunning the program, Figure
5 indicates that for strategy 1 (minimization of vehicle
kilometers of travel)

1. As the number of available park-and-ride spaces
at station S is reduced (alternatives 2 and 3), the excess
spaces are allocated to station R because allocation to
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Figure 5. Sensitivity to changes in park-and-ride spaces at stations.
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station R is compatible with the vehicle kilometers of
travel minimization objective, and station R has a suf-
ficiently high potential capacity to accomodate the excess
park-and-ride users diverted from station S. Had there
been insufficient capacity at station R to accommodate
the diverted users, they would either continue to station
Q or would be lost to the park-and-ride system (i.e.,
would select a different destination or would have
traveled the entire distance between home and the down-
town by automobile).

2. Vehicle kilometers of travel and costs reflect the
allocation of spaces to each station.

3. The adjustment in vehicle kilometers of travel due
to the larger influence zone of stations R plus S (alterna-
tive 3A) indicates a relatively small difference in the
park-and-ride space, vehicle kilometers of travel, and
cost apporlionment.

For strategy 2 (minimization of costs), the apportion-
ment of park-and-ride spaces for alternatives 2 and 3
emphasizes a reassignment primarily to stations T and R
consistent with the cost-minimization strategy. Also,
the park-and-ride spaces are assigned to station R when
the upper constraints on station T are reached. As with
strategy 1, additional average vehicle kilometers of
travel due to combining influence areas for stations R
and S is relatively minor.

The linear programming approach offers considerable
opportunity to conduct further sensitivity analyses. A
summary list of how these analyses can be approached
in response to TSM concerns is as follows:
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Approach to Inclusion of TSM
Element in Park-and-Ride Planning

TSM Element Methodology

Affects access time between home
and park-and-ride facilities; travel
time and cost for line-haul transit
vehicles include mode-of-access,
modal-split, and cost parameters

Improved travel times and routes of
line-haul vehicles included in modat
split, time, and cost estimates

Included in estimates of access time
and demand levels at park-and-ride
facilities for specific time periods;
also will affect transit costs

Center-city parking restrictions will
result in a transference of spaces to
park-and-ride facilities; increased
number of park-and-ride parking
spaces must be allocated to provide
minimum vehicle kilometers of
travel

Increased vehicular occupancy is in-
cluded in basic linear programming
format (see also example)

Increased transit use will affect modai
split and total passenger volumes on
specific routes; paratransit between
home and park-and-ride locations
will lower the need for park-and-
ride parking spaces

Reductions in transit operating costs

Improved vehicular flow

Preferential treatment for
high-occupancy vehicles

Reduced peak-period travel

Parking management

Promotion of high-occupancy
and nonvehicular travel
modes

Transit and paratransit
service improvements

Transit management efficiency

measurements and improvements in operating etti-
ciency will affect modal split and
transportation system costs
CONCLUSIONS

Current provision of park-and-ride facilities attempts
to achieve maximum use of line~haul public transporta-
tion from city centers. Park-and-ride planning de-
scribed here can generate information on a range of
options to form the basis for decision making.

Areas in which further data and research are desir-
able in this context include consideration of trip-making
characteristics of park-and-ride users, estimation of
park-and-ride-related travel costs, mode-of-access
analysis, and variations in the mathematical program-
ming approach.

Linear Approximation of Variables

The use of linear programming techniques implies that
relationships used in the model, such as travel cost
versus vehicle kilometers of travel, behave in a linear
fashion; however, such relationships are rarely linear.
Investigations should he made to determine the effects
of such approximations on the accuracy of the results,
within the typical limits likely to be obtained in practical
situations.

Trip-Making Characteristics of Park-
and-Ride Users

Although we can assume that most park-and-ride users
will travel to the park-and-ride facilities nearest to their
trip origin before they begin the line-haul portion of the
trip (thus simplifying the estimation of average mode-of-
access trip distances), investigations are warranted into
the effects of imposing limits on certain park-and-ride
facilities on the average trip length and the choice of
park-and-ride facility.

Note that users from the same zone often have a dif-
ferent choice of park-and-ride facilities, depending on
the time at which the journey is started, due to changes
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in occupancy of facilities, temporary access deficiencies,
and congestion points that fluctuate in extent and severity.

Urban Travel Patterns and Modal-
Split Analysis

Probably the major effects of restrictions on private
automobile use to and from city core areas and the as-
sociated park-and-ride facilities program will be the
result of an imposition of a ceiling level on the use of a
particular mode, which will thus distort the free demand
level. This will also occur at certain of the park-and-
ride facilities. In particular, two factors arise from the
policy of imposing limits on parking space:

1. Economic discrimination between user categories
if pricing policies are used as the mechanism for reduc-
ing parking needs (those users more able to meet in-
creased costs will have a corresponding mobility ad-
vantage) and

2. Decreased advantage to some captive automobile
users whose schedules may conflict with restricted
availability of parking spaces.

Also, as mentioned earlier, the determiners of
modal split frequently are not linear functions and each
specific case would have to be assessed to determine the
actual effects on modal split.

Mathematical Analysis Variations

The analysis approach described earlier to provide op-
timal master plans for park-and-ride facilities that have
alternative objectives and constraints exhibits two dis-
tinct mathematical stages. First is the estimation stage
in which the parameters such as average vehicle kilo-
meters of travel per zone per vehicle and vehicle occu-
pancy were estimated and also in which predictions about
the range of modal split, mode of access, and other con-
straints were made. Second is the prescriptive stage in
which the estimates of the first stage were assembled to
provide boundary conditions within which levels of the
variables could be determined in order to attain defined
(or prescribed) objectives. In this second stage, a linear
programming methodology was used and, as shown in the
example, the linear approximations to the nonlinear func-
tions were investigated.

In addition to the basic linear programming format,
a number of refinements and variations could prove ad-
vantageous in more detailed studies. The most likely
applications in this regard are the use of dynamic pro-
gramming or of linear programming under uncertainty—
involving either stochastic programming or chance-
constrained programming. Also, goal programming,
where each potential objective is ranked in terms of its
priority, offers the potential for future applications.
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Comparison of Multicriteria

Optimization Methods in

Transport Project Evaluation

Terry L. Friesz, Francisco A. Tourreilles, Anthony Fu-Wha Han,

and J. Enrique Fernandez

The evaluation of transport projects frequently requires consideration of
multiple criteria other than or in addition to economic efficiency. None-
theless, few of the important methodological advances of recent years in
the areas of multicriteria decision making and multicriteria optimization
have been discussed in the literature about transport project evaluation.
This paper compares certain key multicriteria optimization methods and
illustrates their relative strengths and weaknesses through application to
a hypothetical transport project in a developing country. In particular,
the results of an earlier paper that compares the weighting method sug-
gested by Zadeh and Marglin to the iterative preference-incarporation
method of Geoffrion, Dyer, and Feinberg are combined with new analy-
ses based on the constraint method suggested by Marglin and the yes-no
iterative algorithm of Zionts and Wallenius. Conclusions are drawn con-
cerning the relative attractiveness of these solution methods and the char-
acteristics of an ideal multicriteria optimization algorithm for the evalua-
tion of transport projects.

That the evaluation of transport projects involves the
consideration of multiple criteria or objectives that are
noncommensurable is increasingly recognized by plan-
ners and engineers. Although the importance of
multiple criteria has been recognized, agreement as to
an appropriate methodological approach for handling
noncommensurable criteria in transport project evalua-
tion has not been reached.

A useful vehicle for examining the role of multiple
criteria in transport project evaluation is provided by
rural roads in developing countries. The problem of
investment in rural roads may be used to illustrate the
application of standard multicriteria evaluation tools
and to compare the attractiveness of solution methods.

Multicriteria evaluation problems are frequently
most naturally articulated as vector mathematical
programming problems, as the rural roads example
of this paper will illustrate. Methods for the solution
of vector mathematical programming problems can be
divided into two categories [Cohon (1)1:

1. Generating methods that identify all efficient
solutions and

2, Preference-incorporation methods thal use
decision-maker preferences to examine only a subset
of all efficient solutions.

We will give a detailed illustration in subsequent sec-
tions of the characteristics of the so-called constraint
method, one of the most widely known generating
techniques, which is generally attributed to Marglin @2,
and the iterative preference-incorporation technique o
Zionts and Wallenius (3). The constraint method offers
certain computational advantages over another stan-
dardly employed generating technique, the so-called
weighting method, which was also suggested by Marglin
(2). Similarly, the Zionts and Wallenius technique
provides, at least theoretically, certain advantages over
the preference incorporation of Geoffrion and others
(4), which is sometimes considered the prototypical
preference-incorporation method. For comparison

we will also review the results of applying the weight-
ing method and the method of Geoffrion and others.

IDENTIFICATION OF THE RURAL

ROAD PROBLEM

The lack of adequate transportation facilities has been
a major determining factor of rural underdevelopment
in developing countries, particularly through its con-
straining effect on the agricultural sector., In order to
analyze alternative rural transport project evaluation
techniques, we will work with a simplified model based
on the following assumptions:

1. Transport cost savings caused by a road invest-
ment project are fully transferred to agricultural
producers in the form of correspondingly higher
prices,

2, Total cultivable land area is fixed,

3. Agricultural producers are price takers,

4. Agricultural producers are profit maximizers,
and

5. The total amount of the homogeneous agricultural
product of concern is marketed only after transport
over the road system.

Let us further suppose that we have two agricultural
regions, 1and 2, that follow the assumptions above and
that are connected through roads R; and R;, respec-
tively, to market A where their output is sold. Both
regions draw on common fixed resources. Improvement
to road R, will decrease the market transport cost and
will thus increase the product price perceived by the
producer. As a result, agricultural production in
region i will expand. On the other hand, a production
increase in one region will lead to a production decrease
of smaller magnitude in the other region since the com-
mon resource's share to the latter will diminish as a
consequence of the production expansion in the former.
A transport investment program is heing considered
that will improve both roads R: and R.

Before the implementation of the R; improvement
the perceived price is po, and total output is determined
by po = MCo (price equals marginal cost of production) at
Qo, which is the profil-maximizing output. After the
implementation of the R; improvement, the product de-
mand curve (as perceived by the farmers) shifts upward
to p = p: due to transporation cost reduction. If the
improvement of Rz is also implemented, production in
region 2 will increase and, as a result, the marginal
cost curve of region 1 will shift upward from MC, to
MC,. Final equilibrium output in region 1 will be g2,
which is larger than qo but less than q,, the level that
could have been achieved had no R: investment been
made.

We assume that the objective of the investment pro-
gram is to maximize the vector of regional agricultural
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productions and we make the following definitions:
Z = [2,,2Z,],
Z; = agricultural production level of region i,
X, = amount ofinvestmentinroad R, ($000 000s),
a, ﬁ, Y, 6> 0’
ﬁ’ < 1’
by = total national (both regions) budget devoted
to rural road improvements ($000 000s),
bz = a maximal allowable excess of region
2's transport investment share over region
1's (a nonnegative number) ($000 000s),
bs = rural road improvement budget of region 1
($000 000s), and
rural road improvement budget of region 2
($000 000s).

oo

Then our problem becomes

MAX Z=1[%,,Z,] Z,=aX,-pZ, Z,=-yZ, +8X, 1)
subject to:
X1+ Xo<sh -Xi+X:she

Xlsbd X25b4 xl,Xz >0.

The constraints are purposely written to allow the
implicit bounding X; - X, < bs; this simplifies the ex-
position. The more general constraint |Xz - X;[< b
may be introduced if desired with relatively simple
modifications of the numerical examples discussed sub-
sequently. In addition, we will assume that a bicri~
terion welfare function is defined and given by

U=U[Z,(X), Z,(X)] )
where X denotes the vector of decision variables (X, X).
The function U(-) is a monotonically increasing function
of the objectives with convex isogquants in objective
space.

Solution of an Example Problem

In this section, we show that the rural road problem

can be reformulated as a (linear) multiobjective pro-
gramming problem. We then assign some numerical
values to the coefficients and solve the example problem
by a standard generating method, the constraint method
Marglin (2)], and by the iterative preference-incorpora-
tion technique of Zionts and Wallenius (3). These results
are then compared to those obtained from the weighting
method [Marglin (2)]and the iterative procedure of
Geoffrion and others (4). Friesz and others (5) show

that
Z, =aX, -bX, (3a)
and
Z, = cX; +dX, (3b)

where the coefficients are all positive, To illustrate the
solution process, we assign some arbitrary positive
integers as the coefficients of expressions 3a and 3b

and of the constraint set stated in problem 1. The
example problem with two objectives and two decision
variables is thus as follows:

Maximize Z(X;, X,) = [Z,(X;, X3), Z,(X,, X5)] “4)
where

Z]_(Xl, Xz) = 6X1 = IXz Zz(xl, XZ) = -1X1 + 4XZ
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Subject to:
“X1+ X3 Xi+Xe<8 Xis6 Xp<4 X;,X: 20,

We now discuss techniques for solving the example
problem 4, Throughout the discussion that follows, the
general solution of a multicriteria or vector optimiza-
tion problem is taken to be the set of all efficient or
noninferior alternatives. A noninferior alternative is
a feasible alternative such that it is impossible to im-
prove one objective (criterion) without causing a
degradation in at least one other objective. The non-
inferior alternative that maximizes some aggregate
social welfare measure (in our two-objective case, the
welfare function, Equation 2) is termed the best com-
promise solution.

Application of the Constraint Method

We can apply the constraint method [see Cohon (1)]to
generate the noninferior set for Equation 4 in the fol-
lowing steps.

1. Step 1. Construction of a payoff table; solve in-
dividual maximization problems to find the optimal
solution for each of the objectives. If there is more
than one optimum for any of these problems, then
choose the noninferior solution from among the alter-
native optima.

2. Step 2. Construction of a single objective prob-
lem; transform the multiobjective optimization problem
into a single objective-constrained problem.

3. Step 3. Define lower bounds for the objectives
placed in the constraint set during step 2.

4, Step 4. Solve the constrained problem of step 2
for the lower bounds determined in step 3.

The results of the application of the constraint method
to the example problem with n = 4 are summarized
below.

Optimal Optimal Solution
Value of In In
Objective  Decision Objective
Bound Function  Space Space
(La) (Z1) (X§, X8) (27, 2%)
-6 36 (6, 0) (36, -6)
1 34.25 (6, 1.75) (34.25, 1)
8 25.6 (4.8,3.2) (25.6,8)
15 2 (1, 4) (2, 15)

Application of the Zionts and Wallenius
Method

Zionts and Wallenius (3) developedaniterative preference-
incorporation procedure by which the decision maker
is requested to provide yes-no answers to questions
regarding certain trade-offs. The procedure leads to
an approximation of the best compromise solution. It
is assumed in this method that all relevant criteria or
objective functions are concave functions to be maxi-
mized and that the constraint set is convex. The over-
all utility function is assumed to be unknown to the
decision maker, but it is implicitly assumed to be a
linear function or, more generally, a concave function
of the individual scalar objective functions.

We are interested in the underlying problem of
maximizing a multiattribute utility or welfare function
defined over K objectives, which can be denoted
symbolically as

Maximize U[Z,(X), Z,(X), ..., Zg(X)] (5)
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subject to
XeF, (6)

where X is a vector of decision variables and F, is the
feasible region of the problem. The basic structure of
the Zionts and Wallenius algorithm that addresses this
problem is as follows:

1. Step 1. Initialization. Determine a set of initial
weights A] for each objectivei=1,...,K. Leta;= A
for all i.

2, Step 2. Consider the linear program

K

Maximize U = 3 NZ;(X) (7
i=1

subject to

X € Fd (8)

where Fyis the feasible region and X is the vector of
decision variables. Solve this linear program to obtain
solution X° and the reduced cost w;; of each nonbasic
variable X; with respect to objective i.

3, Step 3. Partition the set of nonbasic variables
into two subsets: those that when introduced into the
basis lead to efficient adjacent extreme points in ob-
jective space and those that do not. Call these, re-
spectively, efficient and inefficient variables.

To check if a nonbasic variable X, is efficient, con-
gider the following linear program:

K

Minimize Z = 3 wie Ny ®
i=1

subject to

K

> wih >0 jf Rand X;nonbasic (10)

i=1

K

D=1 (1)

=1

N=0 i=1,...,K 12)

Solve this linear program where the w;'s are reduced
costs obtained in step 2. If Z is negative, X, is efficient;
otherwise X, is inefficient. If no efficient variables are
found, stop. The best compromise solution has been
reached. Otherwise go to the next step.

4, Step 4. For each efficient variable X;, the
decision maker is asked to respond yes or no to a
potential trade-off among objectives. These trade-offs
are described by the reduced cost w; . (There will be
at least onc negative and at least one positive w for
each efficient variable X;.) For each yes response
construct an inequality of the form:

K
E Wik <-€ (13)

i1

where ¢ is a sufficiently small positive number. For
each no response, construct an inequality of the form:

K
> wikize (14)
=1
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5. Step 5. If this is the first iteration, go to step
6a. For the second and successive iterations, if the
overall utility function is assumed to be a linear additive
function, go to step 6a; if the overall utility function is
assumed to be a general concave function of objectives
that are, in turn, linear functions of the decision vari-
ables, go to step 6b.

6. Step 6. (a) Put the constraints that are generated
in step 4 together with all previously constructed con-
straints, including Equations 11 and 12. Find a feasible
solution A3, i=1,...,K that satisfies all constraints of
the form of Equations 11-14. Let A, = At for alli and
go to step 2.

Next, (b) query the decision maker todetermine whether
the new solution is preferred to the old. If so, all old
responses are purged. This implies that only the con-
straints generated in step 4 of the current iteration
together with constraints i1 and 12 wiil be used to
generate new feasible weights A,. Find a feasible solu-
tion A, i =1,...,K that satisfies all these constraints.
Let )\i = )\:.

If the old solution is preferred to the new solu-
tion or if the decision maker is indifferent, the analyst
presents the decision maker with all the efficient solu-
tions adjacent to the old solution in objective space. If
any of the adjacent efficient solutions are preferred to
the old solution, the procedure is continued from one
of these preferred solutions. That is, find the efficient
{nonbasic) variables associated with the preferred
adjacent solution and then go to step 4. If none of these
adjacent solutions is preferred to the old solution, stop.
The optimal solution lies in a neighborhood of the old
solution comprised of that portion of the noninferior set
defined by the old solution and its adjacent efficient
solutions in objective space.

To apply the Zionts and Wallenius algorithm to the
example problem we first assume that the multivariate
utility function can be expressed in product form
Ul[Z1(X), Z2(X)]= Z.Z» where, of course, X = (X1, Xz).
The algorithm terminates, having determined that the
best compromise solution lies in a neighborhood X* =
(4,4). This neighborhood is that portion of the nonin-
ferior set defined by line segments that join X° = (6, 2),
X' = (4,4) and (1,4) in decision space. This corre~-
sponds to that portion of the noninferior set defined by
line segments that join Z° = (20, 12), Z' = (34, 2) and (2,
15) in objective space.

Overview of Results Obtained

Friesz and others (5) applied both the weighting method
and the method of Geoffrion and others to the sample
problem. The table below summarizes lhe resulls for
the former method.

Optimal Optimal Solution
Value of In In
. Objective  Decision Objective
Weight  Function  Space Space
Wy w (Z%) X1, X8 (21,23
1 0 36 (6,0) (36, -6)
1 1 36 (6, 2) (34, 2)
1 2 44 (4,4) (20, 12)
1 3 656 (4, 4) (20, 12)
0 1 15 (1, 4) (-2, 15)

They also showed that, under a hypothetical decision
environment, the method of Geoffrion and others correctly
converges to the unambiguous best compromise solu-
tion X*= (4,4) with U* = Z;Z, = (20)(12) = 240 when
applied to the example problem.
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CONCLUSION

We have shown through a hypothetical problem of in-
vestment in rural roads that multicriteria optimization
methods may be used to assist the decision maker in
evaluating transport projects. The methods con~
sidered—the generating technique known as the con-
straint method and the yes-no, iterative preference-
incorporation method of Zionts and Wallenius —differ
substantially in the types of information required by
the decision maker and the degree of interaction be~
tween the decision maker and the analyst. The con-
straint and weighting methods, prototypical of the
methods usually classified as generating methods,
strive to approximate the noninferior (or efficient) set,
under the implicit assumption that knowledge of this
set will allow the decision maker to select a best com~-
promise solution. The iterative techniques of Zionts
and Wallenius and Geoffrion and others are preference-
incorporation techniques and they seek to identify the
best compromise solution without generating the entire
noninferior set by soliciting preference information
from the decision maker. The Zionts and Wallenius
method does not lead to a definitive statement of the best
compromise solution unless the overall utility measure
is assumed to be a linear additive function of the
multiple objectives. The method of Geoffrion and others
by contrast always leads to a definitive best com~
promise solution. This precision is at the expense of
requiring more sophisticated preference information
from the decision maker.

Abridgment
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An ideal multicriteria optimization algorithm would
accommodate yes-no preference information and be
able to treat discrete alternatives (i.e., integer vari-
ables). This last capability can only be introduced in
the methods discussed here with a severe loss of com-
putational efficiency.
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Goal-Programming Approach to
Multiobjective Highway Network

Design Model

Jossef Perl

A new approach to the highway network design model is presented that
allows comparisons of networks on the basis of multiple incommensur-
able objectives with different degrees of importance. The goal-program-
ming approach is not only capable of solving the multiobjective network
design problem in a relatively efficient manner, but it can also be used to
generate the multidimensional trade-off curve that provides additional
important information to that provided in the two-dimensional curve
derived by using the linear programming model. An example illustrates
the application of the linear goal-programming model with four objec-
tives.

Decision problems in general, and particularly those
associated with transportation systems, are made in the
context of multiple conflicting objectives. Decisions
about transportation systems should be weighted against
the social, economic, environmental, and aesthetic needs
of the community. Among the most important decisions
in the transportation planning process are those regard-
ing the structure of transportation networks and the level
of service to be offered on them.

In recent years there has been interest in the applica-
tion of advanced analytic techniques to the search for

good alternative transportation networks. A class of
models known as network design models has been de-
veloped to solve the following problem: Given an existing
network, a list of improvement options for various links,
and projected increase in demand between various origin
and destination pairs, select the optimal set of links to
be improved or added to the existing network. The
models perform two tasks simultaneously: (a) they
choose the optimal set of links to be improved or added
and (b) they assign the projected traffic to the new net-
work.

This paper deals with the extension of a continuous
Highway Network Design Model (HNDM) developed by
Agarwal (1-3). The approach adopted by Agarwal follows
that used by Hay and others (4) in an urban context and
Morlok and others (5) for the Northeast Corridor Trans-
portation Project. The HNDM is a linear programming
model developed as a sketch planning tool.

There are two ways to incorporate multiple objectives
in linear programming—as elements of the objective
function or as constraints. In the first method, various
objectives are collapsed into a single objective by using
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Table 1, Link characteristics for example network.

Average Dwelling
Link Daily Units to Be
Segment Travel Average Link Relocated
Time, Daily Capacities, Total Cost, Length, per Capacity
ii m k3 (vehicles/day) B, [($1000/vehicle)/day] V,,(miles)  Unit (000s)
12 1 0.12143 15000 600 400 2.0 2
2 0.80580 5000
14 1 0.0400 40500 252 800 1.0 3
2 0.24673 12 500
23 1 0.06429 15000 376 200 1.4 4
2 039627 5000
34 1 0.057 14 15000 347 600 1.4 4
2 0.37667 5000
45 1 010000 15000 126 400 17 10
2 0.07787 5000
35 1 0.02143 15000 505 600 0.6 3
2 013927 5000
Table 2. Demand matrix for example network. ear goal programming can be defined as (7) "a sys-
tematic methodology for solving linear, multiple objec~
To Node tive problems wherein preemptive priorities and weights
are associated with the objectives."
From Node 1 2 3 4 5 The linear goal-programming model presented here
1 15 000 4516 5992 7000 includes the following objectives:
2 7685 6218 10414 1122
3 IV 2217 Gi = flow conservation objective
4 6224 3429 1704 858 s e P ?
5 1333 2129 3209 5817 G; = flow definition objective,

some kind of weighting scheme (6). The difficulty with
this approach is that it is not possible to collapse objec-
tives that are significantly different to a common unit
without a great deal of arbitrary judgment. The prob-
lems with the second approach are both conceptual and
practical, In linear programming terminology, an ob-
jective represents a target and a constraint represents
a restriction on feasibility. In practice, if all the con-
straints cannot be satisfied, the problem is termed in-
feasible. Such a conclusion is obviously misleading
when objectives are formulated as constraints. The
inflexibility of linear programming does not allow one
to consider some, if not all, of the constraints as not
absolutely binding.

The purpose of this paper is to demonstrate an ap-
proach to the multiobjective HNDM. The proposed goal-
programming approach has significant advantages over
the interactive programming techniques for solving
multiobjective problems previously applied by Agarwal
(5). The goal-programming approach can generate trade-
off curves in their full dimensionality. The interactive
approaches are very time consuming because they re-
quire a continuous interaction with the decision maker.
Goal programming can solve multiobjective problems
while still employing the simplex algorithm (on a modi-
fied basis). This allows exploration of a much larger
number of alternatives in a given time period than does
an interactive programming technique.

In the process of using the HNDM, information that
describes the trade-offs between the achievement of
various objectives is perhaps more valuable than the
actual point solution. This information is presented by
a trade-off curve. A serious issue in the multiobjective
trade-off analysis is the display of the multidimensional
trade-off curve in two-dimensional space. This paper
will demonstrate an approach to the presentation of
multidimensional trade-off curves.

GOAL-PROGRAMMING MODEL

A discussion of linear goal programming is beyond the
scope of this paper and can be found in Ignizio (7). Lin-

G; = link capacity objective,

G4 = budget objective,

Gs = level-of-service objective,

Gs = household relocation objective, and
G; = vehicle-miles-of-travel objective.

Since Gi, Gz, and G; can be legitimately viewed as
absolute objectives (objectives that must be satisfied),
they are assigned a top priority. In the following formu-
lation of the linear goal-programming model, the house-
hold relocation objective is assigned to priority level
two, the level of service objective to priority three, the
budget objective to priority four, and the vehicle-miles-
of-travel objective to priority five. The linear goal
program for a network with N nodes, a set of L undi-
rected links, and a set of S origin and destination nodes
can be written as follows:

Find: °x,,, x},, k,, so as to minimize

a=[(n, +pytmy tp, . ng+pyt..ng+tpg+... Ny
+Pq +Poiy +... Pr 4. PR), (Py), (P, (Py), (P)] (1

such that for G,,
S 8. = § o o8 o
E Xjk-E Xejt Ny - Pr =D ¥i, jeN  VseS,h=1,...,H )]
kEAj kij
For G;,
Mij s

Z X - E Cxj +x3) + Ny - Py = O¥ijeL

m=1 s=1

For G,

seS,q=H+1,...,Q @3)

X - Flky+ne-p =K ¥ijely  or X7 +n,-p,=KJ VijeLy (4)

For Gy,
2 Niky+ng-pg=W YijeL, )
ijeLp
For Gs,

M;j
2 Z cixf+n-p, =T 6)
ijel. m=1
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Figure 1. Multiobjective trade-off curve.
17 500 ¢ V=180 502
8=5.7
16 500
> 2
g 15500¢ 050 8 = Budget ($10 000 000s)
E ' V = Vehicle miles of travel
3 145001 180 502
L 9.0
[T
Z 13 500
° V=180 502
5 B=10.5
= 12 500
T 0
M V=180 656
= 11500 ¢ B=12.0
2 V=181 034 ol i
=10 500 ¢ B=13.5
9 500 2/ 3 V=181 333 V=181 333 V=181 333
B=15.41 B-15.41 B=15.41
V=181 420
8 500 B P v=182 922
B=15.48 B=17.87 Q
~
{L i T i 1
0 A * + + + + i
200 30 40 50 60 70 80 90 100 110 120 130 140
Number of Households Relocated
For Gg, B,, = cost per additional unit of capacity on link ij,
B = total budget available,
2 Bik; +n;-p; =B @) V., = length of link ij, and
ijeLyp V = a desirable limit on the total daily vehicle miles
of travel.
For G,
Mij The data used for demonstrating the application of the
E v Z KP4, -pe=V, X XD k=0 ® model are presented in Tables 1 and 2 (2). The multi-
ii 1 b > 3 . . : P 5
o e dimensional trade-off curve derived by using the model
is shown in Figure 1. This curve shows the sensitivity
where of total travel time, investment, and total vehicle miles

n, = a negative deviation from the aspiration level
in objective i,

p, = a positive deviation from the aspiration level
in objective i,

*X, = flow on arc jk going from mode j to destination
s’

*D, = demand from origin j to destination s,

A, = the set of modes after j,

B, = the set of modes before j,

H = S(N-1),

X}, = flow on the mth segment of the total travel-
time curve of link ij,

M,, = number of segments on the total {ravel-time
curve of link ij,

Q= S(N-1) + L,

k,, = capacity added to link ij,

K3, = existing capacity on segment m of the total
travel-time curve of link ij,

» = the set of links that can be improved,

L; = the set of links that cannot be improved,

F}, = the portion of capacity added to link ij assigned
to the m th segment of its total travel-time
curve,

N,, = number of households to be relocated per ca-
pacity unit added to link ij,

W = a desirable limit on the total number of house-
holds relocated as a result of network improve-
ments,

ci, = average travel time on the mth segment of the
total travel-time curve of link ij,

T = a target value on the total daily travel time in
the network,

of travel to changes in the desirable limit on the num-
ber of households that can be relocated.

If we ignore for a moment the objectives in priority
levels four and five, we obtain in Figure 1 the two-
objective trade-off curve normally generated by a linear
programming model. The two-objective trade-off curve
shows the change in level of service as a result of a
change in the limit on the number of relocated house-
holds. It is unlikely that the alternatives in region 0
are desirable, for a small increase in the number of
relocated households will bring about a large reduction
in travel time if the decision maker is willing to move
to region P. Similarly| the alternatives in region Q
are probably not attractive because a large increase in
the number of relocated households to move from P to
Q results in a relatively small reduction in total travel
time. A good solution probably lies in region P, How-
ever, since within region P the reduction in travel time
that results from allowing relocation of additional house-
holds is constant, the decision maker may have diffi-
culties in selecting the most desirable network. The
information on the level of achievement of other objec-
tives provided by the multiobjective trade-off curve can
help in selecting the preferred network.

In the multiobjective curve, the level of achievement
of the objectives at lower priority levels are displayed
next to each efficient point. The achievement level of a
more-important objective is closer to the curve. Look-
ing at Figure 1, suppose the achievement of total travel
time of 9912 vehicle-h with the displacement of 55 house-
holds, total travel time of 9104 vehicle-h with the dis~
placement of 70 households, and total travel of 9024
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vehicle-h with the displacement of 85 households are
considered by the decision maker as equally desirable
(all in region P). However, by using the information
provided by the multiobjective trade-off curve, he or she
can realize that the first of these three alternatives
(point 1) is dominant with respect to the other two ob-
jectives and is therefore superior to the other two.

CONCLUSIONS

A new approach to the HNDM that allows comparison of
network alternatives on the basis of multiple incommen-
surable objectives with different degrees of importance
was presented. The goal-programming approach is
capable of solving the multiobjective highway network
design problem in a speedy and efficient manner. Fur-
thermore, it could be used to generate multidimensional
mation to that provided by two-dimensional trade-off
curves derived from the linear programming model.
The goal-programming approach was shown to over-
come some serious limitations of linear programming.
In linear programming, a sclution that violates one or
more of the constraints is termed infeasible. It is easy
to realize that this type of conclusion provides no use-
ful information and can often be considered misleading.
For example, a basic assumption of the HNDM is that
interzonal demands are given with certainty. In reality,

nredicted demsande are suhieet to orent nneertainty
Precgicicd gemangs are supject 1 great uncerainty.

Consequently, certain combinations of prediction errors
can result in an infeasible solution and no further infor-
mation is provided to the decision maker.

The budget objective is formulated in the linear pro-
gramming model as a constraint. There are two serious
problems with such a formulation. First, the decision
maker does not have an a priori knowledge of the invest-
ment required to satisfy the predicted demands. In fact,
he or she would probably expect to obtain this informa-
tion from the model. If the budget is set too low, it
may result in infeasibility. Setting the budget too high
to avoid infeasibility would lead to overconstruction
and an unrealistic flow pattern. Second, the budget is

Abridgment
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not independent of the level of service in the network.

In fact, the budget is determined to achieve a desired
level of service or certain levels of other impacts. The
goal-programming approach avoids these problems be-
cause aspirations about the level of service and other
impacts can be specified and we are allowed to consider
the budget as a nonabsolute objective.
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Development of Year-2000 Alternative
Transportation Plans for the

Delaware Valley Region

Thabet Zakaria

This paper discusses the concept and methodology used to develop long-
range alternative transportation plans for the Delaware Valley Region.
Four year-2000 alternative plans, including the no-build alternative,
were formulated for simulation and evaluation. After a comprehensive
evaluation of these alternatives, one of them will be selected and modi-
fied to be the year-2000 transportation plan. The alternatives were de-
veloped to achieve a set of regional goals prepared to deal with transpor-
tation issues and problems. The regional development pattern, travel
demand and system deficiencies, short-range plans and programs, finan-
cial resources, administrative and legal requirements, and governmental
and citizen recommendations were the major criteria considered in the

formulation of the alternative plans. The alternatives were developed
through an open two-way communication process between the staff of
the Delaware Valley Regional Planning Commission and the various
governmental agencies and private citizens involved in transportation
planning. This process, which resulted in economical, feasible, practical,
and implementable alternatives, could be applied successfully to any
urban region in the country.

This paper discusses the concept and methodology used
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to develop year-2000 alternative transportation plans for
the Delaware Valley Region, which includes nine counties
and three large cities in Pennsylvania and New Jersey
and has a population of more than 5 million. The year-
2000 planning effort of the Delaware Valley Regional
Planning Commission (DVRPC) will replace the 1985
land use, water, sewer, open space, and transportation
plans that were adopted in 1969 (1). Only a few of the
facilities proposed in the 1985 transportation plan have
been constructed and opened to traffic. This plan is
currently under major review due to social, economic,
and environmental changes that occurred in the last
decade.

METHODOLOGY FOR THE DEVELOP-
MENT OF ALTERNATIVE PLANS

Rational planning requires that a wide range of alternative
plans be developed, tested, and evaluated to determine
their impacts on land use, traffic patterns, and the
natural and social environments. After a comprehensive
evaluation of these alternatives, one is usually selected
for programming and implementation (2-4).

Many alternatives can be formulated on the basis of
a given set of alternative land use plans and transporta-
tion projects and policies. When the number of trans-
portation projects and policies becomes large, a great
number of possible combinations can be obtained. Be-
cause of the limited budget and time available to simu-
late travel demand and to evaluate alternative plans,
DVRPC developed only four alternatives. The no-build
alternative is considered one of these alternatives.

A discussion follows of the activities performed by
DVRPC to develop the alternatives, which were endorsed
unanimously by the DVRPC board in December 1978 (5).
The following activities were accomplished.

Discussion and Definition of Transpor-
tation Problems and Needs

To obtain a general consensus on regional needs and
preferences, DVRPC conducted a conference on regional
planning issues in 1975. The participants were citizens,
political leaders, technicians, university professors,
and public and private officials of diverse backgrounds.
The conference centered on planning issues pertaining
to society, land use, environment, and transportation.
Examples of such issues and problems are safety and
security, traffic congestion, provision of public trans-
portation service, air and noise pollution, parking,
energy and future technology, capital cost and financial
resources, and system operating and maintenance cost.

Consideration of Governmental
Recommendations

As in other metropolitan areas, the state, county, and
city governments are involved in transportation planning
and operation. The governments, which are represented
by the 18 members of the DVRPC board, make the final
decisions on DVRPC plans and programs.

To obtain government inputs on the alternative plans,
DVRPC staff met individually and collectively with city
and county planning commissions, transit operating
agencies, state departments of transportation, and turn-
pike and bridge authorities. These meetings and addi-
tional correspondence between DVRPC staff and these
agencies resulted in a set of specific transportation
policies and facilities for each of the alternative plans.

Figure 1 shows the decision-making process followed
in the development of year-2000 alternative plans. This
process is open and has two-way communication between
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the concerned parties or agencies.

Consideration of Citizens' Recommendations

Citizen participation is a prerequisite for successful
transportation planning and implementation. The DVRPC
citizen participation program has been expanded to ac-
commodate citizen inputs in the various steps of planning.
As shown in Figure 1, citizen inputs into the alternative
plans were obtained from the county citizen forums and
the year-2000 regional transportation advisory committee,
which has more than 100 members and meets monthly
at the DVRPC offices.

County citizen forums are held periodically in each
of the region's nine counties. The forums involve rep-
resentatives of county and local citizen groups and
interested individuals. At the regional and county citi-
zen forums, citizens were asked to review and comment
on DVRPC work and to provide their recommendations
concerning any specific transportation policy and facility
that should be included in the alternative plans.

Preparation of a Set of Transportation
Planning Goals

After the definition of transportation issues and problems,
a set of goals and objectives for the development and
evaluation of alternative plans was prepared. It was
decided to use the goals for developing the alternatives
for testing and evaluation. These goals reflect not only
transportation concerns but also socioeconomic and
environmental considerations expressed in the state-
ment of transportation problems and issues. The goals
and objectives were discussed with technicians and
citizens at the regional and county levels.

Consideration of the Regional
Development Guide

The regional development guide (RDG) includes the
policies adopted by the DVRPC board concerning the
magnitude and location of future regional development
(6). The RDG was adopted after 10 scenarios of re-
gional growth had been screened by the DVRPC board
and citizens. Each scenario framed a set of policies
that responded to the regional issues. After consider-
able discussion, the DVRPC board selected four sce-
narios (futures) for further study.

These scenarios were studied for their implications
and consequences for land use, open space, housing,
transportation, water quality, air quality, energy, and
environmentally sensitive areas. In the transportation
study, sketch-planning models were used to study their
impacts. Each scenario was tested for its effect on the
existing transportation system. Areas in which conges-
tion could be expected were identified, and approximate
measures of the cost required to eliminate these traffic
problems were prepared.

After considerable discussion of the implications of
the four scenarios, the DVRPC board adopted the RDG
in 1977. Moderate rates of growth in the regional
population and employment are projected in the RDG.
Future growth is encouraged to locate in and around the
existing urban and suburban centers, which have been
declining. Some recentralization of land uses within the
urban area is also encouraged. The expansion and
improvement of the existing transportation system is
encouraged to serve the type of land use development
described in the RDG.
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Figure 1. Decision-making process for the development of
year-2000 alternative plans.

State
Departments of Transportation

City and County
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Analysis of Current and Future Travel
Demand on the Existing Transpor-

tation System

The analysis of current and future traffic on the existing
system (no-build alternative) indicates the location and
magnitude of highway and transit deficiencies. The in-
formation obtained from this traffic simulation is used
to develop alternative highway and transit solutions to
such traffic problems.

The analysis of highway volumes and capacities re-
sulted in the identification of highway links that are, or
will be, congested by the year 2000. The analysis of
future transit demand indicates whether there is a need
for additional public transportation facilities and ser-
vice. Such a service will be required if transit trips
increase significantly due to regional growth or if there
is no service at the present time (7).

Coordination of Year-2000 Alternatives
with Short-Range Plans and Programs

Although the target year for the alternative plans is

the year 2000, DVRPC staff gave increased emphasis to
short-range projects that are included in the transpor-
tation system management element (TSME ) and the
trangportation improvement program (TIP). Such
short-range projects have been under consideration for
a number of years and have been studied many times.
Some of them have reached the implementation stage
and are under construction or have been committed for
construction in the near future. Most of these projects,
however, are small, low-capital-intensive projects in-
tended to improve the existing transportation service.

Steering Committee
and Board

These projects and other missing highway or transit
links that complete the regional transportation system
are generally committed for construction and are in-
cluded in the year-2000 alternative plans. In addition,
DVRPC considered the recommendations of past trans-
portation studies in the formulation of year-2000 alterna-
tive plans so that no major conflict between the regional
plan and local plans will arise in the implementation
stage.

Analysis of Cost and Financial
Resources

The analysis of financial resources is perhaps the most
important factor that should be considered in the develop-
ment of alternative plans. This analysis at DVRPC has
indicated that capital for constructing and operating
transportation facilities will continue to be increasingly
scarce in the future (§). Discussion with federal, state,
and local officials responsible for transportation pro-
gramming and budgeting pointed out that the funds antici-
pated to finance long-range transportation projects will
fall short of the region's expected needs. They based
their recommendations on the fact that the escalation of
construction cost of the programmed facilities and the
cost committed to operate and maintain the existing
system will consume all of the anticipated funds. Fur-
ther, other urban services will be competing highly with
transportation for scarce financial resources.

Consideration of Legal and Administrative
Requirements

Legal and administrative requirements are important in
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the development of alternative plans since they indicate
the types of transportation facilities and policies that
are feasible. Federal, state, and local requirements
are especially critical to the implementability of the
planning program. Many federal requirements, mandated
by the U.S. Department of Transportation (DOT) and
U.S. Environmental Protection Agency (EPA), limit the
choices of transportation alternative plans and projects.
DVRPC analyzed such regulations and guidelines so that
the alternatives recommended will be feasible and imple-
mentable.

CHARACTERISTICS OF THE
ALTERNATIVE PLANS

In addition to the no-build alternative, DVRPC staff
developed three alternative plans based on the factors
outlined previously in this paper. Before they were en-
dorsed by the DVRPC board, the alternatives were de-
fined, mapped, and presented to the various technical
and policy committees and citizens shown in Figure 1.
Some modifications were made to the initial alternatives
after the first round of discussion and coordination.

The alternatives endorsed are briefly described below
(2).

No-Build Alternative

This alternative assumes no major new projects and
consists of the existing facilities that were open to traf-
fic in 1978. To operate the existing transportation sys-
tem at a minimal level of service, some essential
improvements are provided, such as the following:

1. Highway and bridge replacement and rehabili-
tation,

2. Restoration and resurfacing,

3. Transit vehicle replacement, and

4. Minor station improvements.

These improvements are also included in the other
alternatives. This alternative does not provide an ac-
ceptable level of service. It is analyzed mainly for the
purpose of formulating and evaluating the other alterna-
tives.

Alternative 1

This alternative includes the transportation facilities
included in the recent editions of the TIP. This alterna-
tive assumes that the TIP improvements and recom-
mendations may take up to 22 years to complete rather
than the 6 or 12 years scheduled in the TIP. This con-
servative view is generated from the current analysis
of anticipated funding to build and operate new facilities.
TIP projects are included in this alternative because they
complete the missing links in the regional transporta-
tion network and improve the operation of the existing
system.

Alternative 2

This alternative includes small projects to manage and
improve the existing transportation system for servicing
the year-2000 travel demand. It also includes the com-
mitted major facilities to complete the missing highway
and transit segments that are esgential to traffic flow
and passenger service. Most of the facilities in this
alternative are proposed to improve the operation of the
existing highway and transit systems. Alternative 2 in-
cludes fewer new highway and transit facilities than
alternative 1 because low-capital-intensive projects are
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used to serve future travel demand. Therefore, the
level of transportation service provided by this alternative
will be lower than that provided by alternative 1.

Alternative 3

This alternative is designed to provide alternative
transportation service to that recommended in the other
alternatives at some areas and corridors. Alternative

3 replaces some major facilities recommended in dlterna-
tive 1 with less-extensive projects. It also includes other
needed highway or transit facilities not recommended in
the other two alternatives. This alternative will result

in testing and evaluation of the impacts of these new
facilities on the transportation system. Like alterna-
tives 1 and 2, this alternative includes the committed
facilities and other small projects to improve the ef-
ficiency of the existing transportation system.

Summary

Each of the alternative plans consists of five elements:

1. Existing transportation system in 1978, except for
those facilities proposed for abandonment;

2. New freeway and transit facilities that are under
construction or recommended for construction;

3. Recommended highway and transit improvements,
such as arterial widening, construction of new arterials,
electrification of rail lines, improvements to transit
stations, and purchase of new transit cars;

4, Other improvements, such as rehabilitation and
restoration of highways, repairs of critical bridges,
fringe parking facilities, Traffic Operations Program
for Increasing Capacity and Safety (TOPICS) projects,
highway safety projects, replacement of old buses and
automobiles, improvement to rapid-transit-line power
equipment, and replacement of old railroad cars (most
of these high-priority projects are not listed in year-
2000 plans, but a total sum of money is allocated for
such small improvements on the basis of the TIP cost
estimates; these improvements are considered an
essential element of any plan); and

5. Additional regional highway and transit improve-
ments that are limited to turnpikes, toll bridges, bicycle
projects, and National Railroad Passenger Corporation
(Amtrak) lines and stations.

Table 1 (2, tables 3 and 4) provides a summary of the
total capital cost for highways, transit facilities, and
various transportation improvements for each alterna-
tive plan. It also shows the annual operation and main-
tenance cost required to maintain the highway and public
transportation system and to provide adequate transpor-
tation service for each alternative plan. The capital cost
of all alternatives was found to be within the range of
anticipated financial resources.

The development of DVRPC alternatives was a lengthy
process. It took nine months and involved many meetings
and discussions with the states, counties, funding agen-
cies, transit operating agencies, and citizens. Each
group provided specific suggestions and recommendations
for inclusion in the alternative plans after discussion with
DVRPC about transportation problems, goals, future
trends, and other important factors. Staff reviewed all
inputs and incorporated the recommendations that fit the
criteria for plan formulation. All suggestions and recom-
mendations not included in the alternatives were listed
with explanations for their rejection and were discussed
with the concerned organization before arriving at a final
decision.

The alternatives were developed through an open and
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Table 1. Capital and operating-and-maintenance costs of year-
2000 alternative plans.

Alternative® ($000 000)

Item No-Build 1 2 3

Capital cost of highway
improvements

New freeways 1431 674 1417
Arterials 370 251 644
Other 618 _838 838 838
Total 618 2639 1763 2899

Capital cost of public
transportation
improvements

New facilities 1647 181 1093

Facility renovation 489 464 492

Other 672 973 973 973

Total 672 3109 1618 2558
Total capital cost 1290 5748 3381 5457
Annual operating and

maintenance cost 345 393 389 397
Capital cost of

additional region-

wide improvements

Bicycles 5.7 5.7 97 5.7
Turnpikes 70.7 137.6 70.7
Calhoun Bridge 16.6
Amtrak 210.8 210.8  210.8 210.8

?Costs are in 1977 dollars,

participatory two-way communication process between
DVRPC staff and the various groups that are affected by
transportation decisions. DVRPC prepared the docu-
ments and guidelines that are essential for conducting
meaningful, rational, and organized discussions among
the various groups involved in the planning process.
The reader may have observed that all DVRPC al-
ternative plans include the following common elements.

Intensive Improvements of the Existing
Transportation System

All alternatives (as shown in Table 1) include many
small projects to improve the existing highway and
transit systems. Such projects are given high priority
and will be recommended in the final plan. Without
such improvements the existing system will not function

in the Delaware Valley because it is old and deteriorating.

Also, it is incomplete and uncoordinated.
All Modes of Surface Transportation

None of the alternatives is highway- or transit-oriented,
as was usually the case in past transportation planning
studies. The alternatives developed are balanced and
provide all modes of transportation service to all popula-
tion groups in the region. All alternatives place some
emphasis on the efficiency of the transportation system
and energy consumption.

Small Transportation Projects as
Well as Large Ones

As shown in Table 1, a sum of money is allocated for
small projects although they are not specifically listed

in the alternative plans. This is a departure from past
regional transportation plans, including the 1985 DVRPC
plan, which dealt mainly with major highway and transit
facilities. As indicated in Table 1, the total cost of
small (or other) improvements is considerable and should
be accounted for in any long-range plan.

Short- and Long-Range Projects

Short-range projects should be included in the long-
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range plan because they are often as important as the
long-range projects. Further, short-range plans

and programs must be coordinated with long-range
planning to obtain consistency in the transportation
planning process and to recommend a reasonable imple-
mentation program.
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