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Alternative Methods for Developing

Transportation Improvement
Programs for Urban Areas

David F. Schulz* and Philip C. Evenson, Southeastern Wisconsin

Regional Planning Commission

Three approaches for preparing a transportation improvement pro-
gram (TIP) are examined. The first involves ratification by the
metropolitan planning organization of programming decisions made
by state and local transportation-implementing agencies. The sec-
ond would rely on the collective judgment of an urban-area com-
mittee or forum to choose projects for implementation. The third
would also use such a forum but would provide the committee with
a formalized decision-making structure whereby programming deci-
sions would be based on an expressed determination of priorities.
Such a structure is described in detail: Projects are first submitted
by implementing agencies. They are then reviewed for consistency
with the transportation plan and those found to be consistent are
placed on needs lists by type of project. The projects from the needs
lists are placed in groups of similar relative priority. The groups are
arrayed in priority order by funding source. The available money in
each type of funding is then applied against the groups to be funded
from that source arrayed in priority order. Projects in whole groups
covered by available funds are inserted directly in the TIP. An analy-
sis is made of the intermediate connective transportation system that
will result. The results of this analysis are combined with other con-
siderations, and projects from the unfunded groups are selected to
use the remainder of the available funds.

On September 17, 1975, the Federal Highway Administra-
tion (FHWA) and the Urban Mass Transportation Admin-
istration (UMIA) published rules that require the
preparation on an annual basis of a transportation
improvement program (TIP) as a basis for federal fi-
nancial assistance in support of highway and transit
projects [40 Federal Register 42 976-42 984 (1975)].

It is intended by these agencies that the TIP list all
transportation projects proposed for federal assistance
and planned to be undertaken in the ensuing 3- to 5-
year period. The TIP must also identify those projects
proposed for implementation in the first year; this

is identified as the annual element. The federal
regulations indicate that the TIP is to be developed

by local officials acting through the metropolitan
planning organization (MPO).

There appear to be three distinct approaches pos-—
sible for the preparation of a TIP. In the first,
each individual implementing agency makes its own
programming decisions based on its understanding of
either an explicit or an implicit allocation of fed-
eral funds and then presents its list of projects to
be programmed to the MPO. The MPO reviews the proj-
ects for consistency with the adopted-plan elements,
submits the projects to an urban-area advisory com-
mittee composed of local officials or their represen-
tatives (who serve on a population-representative
basis within the area), endorses the combined lists
of all projects after receiving the advisory committee
recommendations, and transmits a report thereon to
the state and federal funding agencies. This method
was used in the preparation of the first TIPs for the
Kenosha, Milwaukee, and Racine urban areas in south-
eastern Wisconsin. In essence, this approach repre-
sents a ratification by advisory committees and the
MPO of programming decisions made by state and local
transportation—-implementing agencies. The methed has
several advantages, including its workability as
demonstrated over the past 3 years and its presérva-
tion of individual agency prerogatives in the pro-
gramming of transportation-system development projects.

Another advantage is the relative ease with which the
annual program can be updated through periodic amend-
ments, because the method is unencumbered by an ex-
plicit process of determining areawide priorities.

The major disadvantage of this approach is that the
annual aggregation of individual agency-proposed proj-
ects does not necessarily result in the best program
of transportation-system improvement for the area as

a whole. The method, to be workable, depends on al-
locating the available federal aids such as Federal-
Aid Urban (FAU) Highway System funds and formula-aid
funds available under section 5 of the Urban Mass
Transportation Administration Act of 1964 to the vari-
ous local units of government on a formula basis. At
the present time in Wisconsin, the state and federal
governments have established allocation formulas for
nearly all available aids, except for those such as
the capital grants available under section 5 of the
act, for which the competition is nationwide.

In the second approach, an attempt is made to lend
a distinctive urban-area system perspective to the
process. In this method, the implementing agencies
submit lists of candidate projects to the area ad-
visory committee, which acts as the MPO forum. Such
lists are unconstrained by any preexisting formula-
allocation process. The committee then, through one
or more sessions, debates the merits of each project
and, based on the results of the debate, formulates
an annual TIP. This method relies almost entirely on
the collective judgment of the committee members. For
such a method to be effective, it dis also necessary
for the committee to have a significant amount of dis-
cretionary federal aid, such as FAU and section 5
funds, available to it for, in effect, distribution to
those implementing agencies whose projects are placed
in the TIP. At present, given the current federal-
aid struzture in southeastern Wisconsin, all federal-
aid monies are allocated by formula, leaving no dis-
cretionary monies for the committee to distribute.

A possible third approach is to use the advisory
committee as a forum for the preparation of the TIP
(as in the second method) but provide that committee
with a formal decision-making structure by which it
can make programming recommendations based on an ex-
pressed reconciliation of competing and often con-
flicting needs and interests. The balance of this
paper discusses in detail a possible decision-making
structure that could be used to implement this method.

BASIC CONCEPTS AND PRINCIPLES

This alternative method for developing a comprehen-
sive TIP involves five basic concepts or principles
of improvement programming:

1. The programming of the implementation of
transportation facilities should be consistent with
and supportive of the orderly overall development of
the area, including the development of essential pub-
lic utilities and services and of a sound land-use
pattern. Practically, it is also important that the
transportation-system development program and the
development programs in other functional areas af-
fecting the urban area (such as sewers, water, other
utilities, and municipal services) be coordinated to



Figure 1. Flow of projects through TIP process.
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Figure 1. Continued.
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the maximum extent possible in the interests of ef-
fectiveness and efficiency and the promotion of a
sound regional development pattern.

2. The projects should be aggregated into
categorical-priority groups of similar or related
projects, which groups can then be rank ordered by
priority. This enables those involved in the pro-
gramming decision making to focus on the most impor-
tant and difficult decisions required--i.e., grouping
those projects that should obviously be included or
excluded from any program and avoiding dealing in
detail with each and every proposed project. The
concept of the categorical-priority group not only
facilitates the programming process but also allows
local officials to preserve their implementation pre-
rogatives by not explicitly listing local priorities
on a project-by-project basis but rather gathering
projects of similar priority into groups.

3. The programming should be based on a recogni-
tion and assessment of the relative worth of various
projects. The relative worth of projects should be
determined by some quantitative analysis.

4, The programming should acknowledge realistic
funding constraints that will affect plan recommenda-
tions and only set forth for implementation those
projects that can be reasonably expected to be accom-
plished during the program period and, taken together,
do not require funding greater than that which can be
reasonably expected to be availlable.

5. The workability and utility of the intermedi-
ate transportation system that will result from im-
plementing the programmed projects should be consid-
ered as one stage to realization of the regional
transportation-system plan that has been adopted.

In addition to these five basic principles, it is
important to place the programming step in proper
perspective relative to the overall planning and de-
velopment process. Conceptually, the programming
process presupposes that there is basic agreement on
an adopted transportation-system plan. Accordingly,
the programming procedure is not intended to deter-
mine whether or not a particular transportation proj-
ect should be undertaken--that having been determined
in the process of preparing and adopting a plan--but
rather must be directed to the question of the timing
of the particular project vis-3-vis the other projects
included in the plan.

DESCRIPTION OF ALTERNATIVE METHODOLOGY

Based on these five concepts or principles, and the
acknowledgment of the constraints on transportation
system improvement due to current funding practices,
and the interests of the jurisdictions represented
within each urban area, this alternative methodology
was developed for preparing TIPs for each of the urban
areas in southeastern Wisconsin.

Figure 1 presents an overview of the alternative
method from an orientation of the flow of proposed
projects through the process. The projects are first
submitted by the implementing agencies, then reviewed
for plan consistency and project type and, finally,
those passing review are placed on needs lists by
type. The projects from each type of project needs
list are placed in categorical-priority groups by
relative priority--high, medium, or low. The
categorical-priority groups are then arrayed in pri-
ority order by type of funding, because some funding
programs fund more than one type of project. Non-
discretionary-funded projects (those projects funded
by money not allocated by the urban-area committee)
identified by the responsible agencies are removed
from the groups and inserted directly in the TIP, The
amount of available money in each type of funding is
then applied against the categorical-priority groups

of remaining projects under that type of funding ar-
rayed in priority order. Projects from whole groups
covered by available funds are inserted directly in
the TIP. An analysis is then made of the intermediate
connective transportation system that would result
from adding the non-discretionary-funded projects and
the projects from the wholly funded groups to the ex-
isting transportation system. This analysis is en-
visloned as being largely graphic in nature, whereby
guch problems as transit or highway system gaps and
potential bottlenecks could be identified on a map,
but could also extend to a quantitative analysis
through traffic assignments to the proposed highway
system or analysis of the resulting transit-equipment
inventory.

The results of this analysis are combined with
other considerations, and projects from unfunded groups
are selected to use up the remainder of the available
funds. These selected projects, the projects from
the wholly funded groups, and the non-discretionary-
funded projects then constitute the TIP. The methodol-
ogy can also be used to identify either the annual
element or the 3- to 5-year element of the TIP from
appropriate lists of candidate projects.

This method would be implemented through 14 in-
dividual tasks under five main steps. Each of the
steps and tasks is explained below, and steps 2, 4,
and 5 are shown in Figure 1.

Step 1: Development of Criteria

Identification of the information that will be used
to make the judgments about projects is required in
the formulation of the TIP. This step is required at
the very start because the items of information iden-—
tified as important about each project must be in-
cluded with the project description submitted by the
agency proposing the project. The development of all
three types of criteria is essentially a policy de-
cision and, therefore, requires policy-level involve-
ment by the committee.

Task 1A: Development of Project-—
Grouping Criteria

The second programming principle provides the reason-—
ing for project grouping in the programming process.
In task 1A, the criteria, or rules by which projects
will be put into groups, are developed. At the pres-
ent state of evolution of the methodology, the use of
27 categorical priority groups is proposed: high-,
medium-, and low-priority preservation, improvement,
and expansion for both on-system highway and transit
and for off-system, safety, and environmental en-
hancement for highways. The project categories are
defined as

1. On-system highway preservation: projects that
result in little or no increase In the traffic-carrying
capacity of the existing highway system but are nec-
essary to maintain existing capacity and structural
adequacy of the facility for which the project is
proposed;

2. On-system highway improvement: projects that
significantly increase the capaeity of existing
streets or highways (by definition, the conversion
of a road from rural to urban is an improvement--even
though there might be only marginal capacity improve-
ment);

3. On-system highway expansion: projects that
significantly increase the capacity of the transpor-
tation system through development of new or extended
streets or highways;

4, Transit preservation: projects that are nec-
essary to maintain the current quality and level of
service of the existing transit system;



Table 1. Example of criteria for determination of project priorities:
transit-expansion projects.

Weight
Criterion (points)
Where project sponsor is not local unit of government, an en- 100

surance that project implements local plans and has local sup-
port, as indicated by a letter from local government(s)
That a project directly provides or improves coordination be- 50
tween two or more transit systems as indicated by evaluation
of the project submittal
Design provision for other modes

Highway 25
Bicycle 25
Pedestrian 25

Service to special groups as indicated by evaluation of project
submittal

Elderly persons 75
Handicapped persons 100
Racial minorities 50

Functional criterion: type of service (total of 200 points avail-
able) as indicated by evaluation of the project submittal

Primary 200
Secondary 150
Tertiary 100
Other varies
Number of people served: proposed daily ridership 200
Surrogate for cost-effectiveness: 200

passenger travel provided/cost of project

5. Transit improvement: projects that improve
the quality and level of service of the existing
transit system;

6. Transit expansion: projects that either ex-
pand the existing transit system or create new transit
systems or subsystems;

7. Highway off-system: projects on streets or
highways that are not on a currently designated
federal-aid system;

8. Highway safety: projects that will improve
or eliminate existing unsafe conditions on the
federal-aid highway system as it currently exists;
and

9. Environmental enhancement: projects that will
materially reduce air, noise, or visual pollution,
but not significantly affect system operations.

Once a proposed project is categorized, it is
necessary to determine to which priority group it be-
longs. It is proposed to apply a set of weighted cri-
teria to determine priorities for each category of
projects. Table 1 is an example of possible project
criteria for determining priorities for the transit-
expansion-project category and possible associated
criteria weights.

In brief, each project receives a rating under
each criterion. This rating, which can be either zero
or one for yes-no criteria or an actual number for
such criteria as the average daily ridership on the
proposed project, is then normalized (reduced to a
scale of 0.0 to 1.0) and multiplied by the weight for
that criterion to obtain the score under that cri-
terion. TFor each project, the criteria scores are
added to obtain the total project score.

For each criterion, two criterion-threshold val-
ues are identified: a high-priority criterion thresh-
0ld and a medium-priority criterion threshold. Each
criterion-threshold represents the minimum value of
the criterion score required to identify the project
as high or medium priority under that particular cri-
terion. The high-priority criterion thresholds for
all criteria are added to obtain the high-priority
project-score threshold. Similarly, the medium-
priority criterion thresholds are added to obtain the
medium-priority project-score threshold. Projects
that have total project scores greater than the high-
priority project-score threshold are then categorized

as high priority. Projects that have total project
scores less than the high-priority project-score
threshold but greater than the medium-priority
project-score threshold are categorized as medium
priority. Projects that have total project scores
less than the medium-priority project-score threshold
are categorized as low priority. The table below
gives possible criterion and project thresholds for
the transit-expansion-project category.

Threshold {points)
Medium High

Criterion PUQUEY Priority
Local support 0 100
Intersystem coordination 0 50
Design for other modes 25 50
Service to special groups 75 100
Type of service 100 150
Number of people served 50 125
Cost-effectiveness 50 125
Transit-expansion project threshold 300 700

(It is emphasized that the criteria and the values
for criteria weights given in Table 1, and the thresh-
old values given above are merely examples. The
actual criteria and values to be used in the program-
ming process for the transit-expansion category and
all other project categories would be determined in
task 1A.)

In addition to the development of project pri-
ority by the rating and weighting scheme discussed
above, there are some other considerations that must
enter into determining the project priorities. Spe-
cial consideration must be given to a project that
must be implemented because of a court order, to con-
vert a situation of noncompliance with building or
health codes, or to prevent an imminent catastrophe
(e.g., the collapse of a bridge). Generally, a proj-—
ect sponsor must demonstrate, to the satisfaction of

the committee, that his or her project should qualify
under these so-called overriding criteria. If the

committee agrees, the project must be given high pri-
ority within its project category, regardless of its
project score,

The proposed methodology will work only if it is
agreed at the beginning that there are such things as
high, medium, and low priorities and that some projects
should be placed in each group; i.e., not all projects
are high priority. Although it is possible to identi-
fy additional criteria and not rely on an information-
aggregation scheme (the rating and weighting technique
illustrated), the process must be capable of dealing
with a large number of projects (approximately 330 in
the 1977 TIP for southeastern Wiscomsin), and infor-
mation must be gathered and processed about each proj-
ect. The decisions about the type and amount of in-
formation to be gathered and used in judging the proj-
ects and about how that information is to be aggre-
gated are made in this task.

Task 1B: Development of Criteria
for Determining Group Priorities

After the categorical-priority groups are developed
(by using the criteria developed in task 1A), they
must be put in priority order by funding category.
This involves, for example, making judgments about
the relative importances of on-system highway preser-
vation, improvement, and expansion projects that com—
pete for the same funds. Task 1B involves the devel-
opment of decision rules for making these judgments;
e.g., are medium-priority highway-preservation proj-
ects more important than high-priority highway-
improvement projects?



Table 2. Example of qualitying criteria.

Category Example

Qualifying Criteria

On-system highway projects On-system highway preservation

On-system highway improvement

On-system highway expansion

On-system highway safety

On-system highway environmental
enhancement

Transit preservation

Transit improvement

Transit expansion

Transit projects

Project must currently be on a federal-aid system; project must either be in confor-
mance with and serve to implement or be not in conflict with adopted areawide de-
velopment plans; project must be drawn from an adopted plan, either long-range or
transportation system management

Project must either be in conformance with and serve to implement or be not in conflict
with adopted areawide development plans; project must be drawn from an adopted plan,
either long-range or transportation system management; project sponsor must be des-

ignated recipient of federal financial assistance for transit or present written project
sign-off from appropriate designated recipient

Off-system projects Off-system highway projects

Project must not be a currently designated federal-aid system; project must not be in

conflict with adopted areawide development plans; project must be drawn from an
adopted plan, either long-range or transportation system management

Task 1C: Development of Project-
Selection Criteria

When the projects have been arrayed according to pri-

ority by funding category and the constraints of avail-

able funds in each category applied, it is probable
that the available funds will not cover exactly whole
categorical-priority groups of projects and that some
money will be available to fund some projects from
unfunded priority groups. Task 1C requires the iden-
tification of the informatien to be used in selecting
projects from the unfunded groups to use up the avail-
able money. The most important criterion is to select
projects that, when added to (a) the existing trans-
portation system, (b) those projects in the wholly
funded categorical-priority groups, and (e¢) the non-
discretionary-funded projects, provide for an inter-
mediate connective transportation system for the urban
area, Other possible ecriteria include (a) whether or
not a project contributes to improved transportation
for elderly or handicapped people or both; (b) whether
a project is labor intensive; and (c) whether a proj-
ect would, given the projects in the whole groups

covered by funds and the non-discretionary-funded proj-

ects, contribute to a better geographic and jurisdic-
tional dispersion of funds or projects throughout the
urban area.

Once the three different sets of criteria (group-
ing, determination of group priorities, and selection)
have been determined, information about the proposed
projects can be gathered from the project sponsor at
the time of initial project proposal.

Step 2: Identification of Needs

The purpose of this step is to develop a set of trans~
portation needs by type of project for the urban area
consistent with the regional transportation-system
plan and other functional plans and programs in the
urban area.

Task 2A: Project Submittal and Proposal
by Implementating Agencies

This task requires that each transportation-
implementing agency in the urban area examine the
staging of the regional tranmsportation-system plan,
the county jurisdictional highway plans, the tramsit
development program, and the elements of the
transportation-system management plan and identify
the projects for which it has implementation respon-
sibility that it can implement within the 5-year pro-
gramming period if funds are available. These proj-
ects are then submitted to the MPO, together with such
project descriptive information as is necessary in
light of the criteria developed in step 1.

Task 2B: Analysis of Conformance and
Conflict of Projects With Regional
Transportation System Plan

Before projects are admitted to the needs list, they
should be reviewed by the MPO to determine consistency
with the regional plan. Changes in UMI'A and FHWA
procedures make submission of the TIP by the MPO and
metropolitan A-95 clearinghouse equivalent to posi-
tive A-95 review of each transit and highway project
in the TIP. Therefore, an A-95-type review must be
made on the TIP projects at some point in the process;
it is proposed that this be done before they are ad-
mitted to the needs list. Formal A-95 endorsement,
however, would be confined to those projects selected
for inclusion in the annual element of the TIP. The
projects would first be categorized into one of the
nine project categories and then the appropriate
qualifying criteria (such as those shown in Table 2)
are applied. The projects that pass the review com-—
pose the nine categorized needs lists.

Task 2C: (If Needed) Review of
Nonconforming or Conflicting
Projects

As with any A-95-type review, there should be an op-
portunity for reconciliation of differences between

the review agency and the implementing agency.

Step 3: Estimation of Funds

To formulate a realistic program of tramsportation
improvements, it is necessary to estimate the avail-
ability of transportation funds.

Task 3A: Estimation of Availability
of Nondiscretionary Funds by Mode
and Funding Category

In the context of developing the TIP through an area-
wide forum structured by the MPO, "discretionary"
funds are defined as those federal monies that can be
allocated to projects to be set forth by the areawide
forum (the committee) and "nondiscretionary" funds as
those that are allocated to projects by some other
mechanism. Nondiscretionary funds are estimated first
because the units of state or local government that
make the project fund-allocation decisions must make
those decisions and inform the urban-area committee

of those projects they wish to pursue and have in-
cluded in the TIP. The availability of some funds

can be estimated simply by examining the relevant
allocation formula (such as urban system funds or
section 5 funds), but others are much more difficult
to estimate. The availability of federal-aid inter-
state and primary highway system and section 3 funds,
for example, varies so widely from one year to another



for an area that even an analysis of historical trends
may be of limited usefulness. Also, some, if not all,
of these funds are the subject of delicate ongoing
political negotiations; anything dome by the committee
in estimating fund availability must be extremely sen-
sitive to these continuing deliberations.

Task 3B: Estimation of Availability of
Discretionary Funds by Mode and Funding
Category

In this task, the amount of money available for allo-
cation is determined in each funding category with
special emphasis placed on program restrictions (e.g.,
highway expansion only or transit operating only).

Step 4: Grouping and Determination
of Priorities

Projects from each needs list are placed into
categorical-priority groups that are then arranged
in priority order by type of funding.

Task 4A: Categorization of Projects

In this task, all projects are assigned to one of the
27 categorical-priority groups by using the project-
grouping criteria developed in task 1A,

Task 4B: Determination of Priorities
of Groups Eligible Under Each Funding
Category

For each type of funding (e.g., FAU, Transit Capital,
Discretionary Transit Formula), the groups of proj-
ects eligible for funding under that category are
placed in priority order by using the criteria for
determining the group priorities developed in task
1B.

Task 4C: Removal From Groups of
Some Projects

Projects identified by the implementing agencies to
be implemented with the nondiscretionary funds as es-
timated in task 3A are removed from further considera-
tion for the discretionary funds allocated by the
committee. These projects are placed directly into
the TIP.

Step 5: Project Group and Individual
Project Selection

Groups of projects and individual projects are se-
lected to the extent that the available funds allow
in each funding category.

Task 5A: Application of Available
Discretionary Funds in Each Funding
Category

The constraint of available funds in each funding

type is applied to the groups of projects listed in
priority order under that category. Projects from
wholly funded groups are included directly in the TIP,

Task 5B: Analysis of Intermediate
System That Will Result From
Adding Projects to Existing System

The system that would result from adding the non-
discretionary-funded projects and projects from
wholly funded groups to the existing transportation
system is studied, and problems such as system con-
nectivity are identified.

Task 5C: Selection of Projects From
Unfunded Groups to Use Remaining
Money

Projects to use up the remainder of the available funds
in each category are selected from the unfunded groups.
At the conclusion of this step, the projects to be set
forth in the TIP are identified as consisting of the
nondiscretionary elements identified in task 4C, the
projects from whole groups covered by available dis-
cretionary funds identified in task 5A, and those
projects selected from unfunded groups and covered by
available discretionary funds as identified in this
task.

CONCLUSIONS

One alternative method is outlined for preparing an
areawlde TIP that could be substituted for the method
currently being used in southeastern Wisconsin and
elsewhere. The implemention of such a method, how-
ever, requires two important changes:

1. At present in southeastern Wisconsin, all
possible federal transportation funds that could be
distributed through such a method are allocated by
formula directly to the implementing agencies. The
advisory committee has no control over the selection
of projects for funding. It would be necessary to
change the system so that at least some federal funds
would be placed at the discretion of the committee in
each urban area. Initially, it may be possible to
include in the discretionary category the federal-aid
urban highway funds and the section 5 trangit funds.

‘Ultimately, if the process proved beneficial, per-

haps more categories of federal-aid funds could be
placed at the discretion of the committee.

2. Transportation-system implementing agencies
would have to change their approach to the prepara-
tion of the TIP. At present, such agencies submit
final lists of projects directly from their capital
budgets that they have scaled to anticipated available
funds. Instead, it would be necessary for implement-
ing agencies to identify likely candidate projects
for consideration by the committee. Thus, such agen-
cies should not be compelled to submit only those
projects that might match available funds. If this
process were to be implemented, it would also be
necessary to closely coordinate the preparation of
the TIP and the development of individual agency
budgets so that any decisions made at the areawide
level through the committee could be reflected in the
local budget process.

ADDITIONAL RESEARCH

In 1978, the Southeastern Wisconsin Regional Planning
Commission gathered the information about each pro-
posed project in the 1978 TIP that would be necessary
to apply the third alternative method. It is their
intention to test the method and the associated cri-
teria, weights, and threshold values through an ap-
plication to the 1978 TIP projects. Some criteria
may have to be discarded; others may have to be added;
and the ratings, weights, and threshold values may
have to be adjusted. Additional research to estab-
lish a technical basis for determining criteria
weights may have to be pursued for some criteria. In
addition, the possibility of developing a set of cri-
teria, weights, and threshold values such that they
could be used to compare projects from different
categories will be explored, although that is antici-
pated to be a significant task. Nevertheless, such
an application should help to determine the workabil-
ity (or lack thereof) of this alternative method for
preparing a TIP,
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Evaluation and Application of a Priority
Programming System in Maryland

Salvatore J. Bellomo and Jawahar Mehra, Alan M. Voorhees and Associates,

McLean, Virginia

Gerald R. Cichy and Martin M. Stein, Maryland Department of Transportation

This paper presents the process and results of evaluation, selection,
and implementation (on a test-case basis) of a priority programming
methodology for the Maryland Department of Transportation that
was part of a National Cooperative Highway Research Program proj-
ect. The methodologies that were evaluated for application to the
state of Maryland included (a) the priority programming system
(PPS), (b) the highway investment analysis package, (c) the objective
priority programming procedure, and (d) the transportation resource
allocation model. Other programming techniques were considered
but eliminated through a screening process. Criteria were formulated
to assist in the evaluation. PPS is a computerized tool for the esti-
mation of the road-user benefits of individual highway improvements
as a function of when the improvement is implemented and the sub-
sequent scheduling of implementation of sets of improvements so
that total user benefits are maximized. Benefits can be broadly de-
fined (e.g., social, economic, environmental, or travel} costs or fo-
cused on user (travel-time, accident, operating) costs depending on
the preferences of the state. The PPS was successfully used for the
determination of priorities in a test case of 26 of the largest primary
state highway projects. The paper concludes by discussing from the
Maryland perspective the ways that the PPS in particular and priority

tion issues of statewide concern.

Transportation agencies face a complex decision-
making environment that includes multiple actions and
strategies to improve mobility and, given other socie-
tal concerns, finite resources. Individual or pack-
aged actions taken by these agencies require a dy-
namic evaluation process to consider a wide range of
issues and potential actions, information about nume-
rous impacts, and a large number of different view-
points. Such a process for identifying and resolving
state-level issues is illustrated in Figure 1 (1). As
indicated, techniques and tools to provide this in-
formation can vary from surveys to monitoring and
models, There is increasing pressure to have tools
that are quick to use and sensitive to the issues.

Many states are now also confronted with issues
related to revenue shortfalls; the development of
multimodal transportation policies, plans and pro-
grams; and a host of other concerms.

In 10 of the 13 states consulted in a National
Cooperative Highway Research Program (NCHRP) project
(1,2), the determination of tramsportation priori-
ties was identified as a major concern. In the high-

way mode, it was of concern in 7 states and, in re-
spect to nonhighway modes (tramsit, rail, and air-
ports), it was of concern in no more than 3 of the
states. The multimodal and mode-specific issues come
at a time when programmed transportation projects are
quite large. This requires hard decisions related to
state-level transportation programming that will work
toward achieving mobility goals within available re-
sources.

The state transportation departments need a tool
to assist them in working with the legislatures, gov-
ernors' offices, and affected communities in making
an objective and rational transportation-priority pro-
gram. Often different parts of the same organization
perceive entirely different transportation program-
expenditure cycles. It is necessary to draw these
different viewpoints into a common perception so that
a more pragmatic approach can be taken in presenting
transportation programs to the public, elected offi-
cials, state legislatures, and the governors' offices.

This paper discusses an experience of evaluating,
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gramming methods in Maryland. An actual test case of
applying the priority programming system (PPS) devel-
oped by the Ministry of Transportation and Communica-
tions in Ontario to 26 of the largest primary-highway
projects in the state was undertaken for purposes of
developing project priorities. This paper discusses
the findings of this work and the implications for
other state-level transportation-priority programming
efforts.

EVALUATION OF PRIORITY PROGRAMMING
TOOLS

With the knowledge of issues and views of the various
states in mind, an evaluation was made of altermative
priority programming tools for assisting the state of
Maryland. Because of strong multimodal trade-off
pressures, the development of priorities was a signif-
icant issue in the development of a 5-year program
budget, a long-range master plan, and mode-specific
planning and programming processes. The idea was to
select a tool to be used, apply it to a test case,
document the experience, and through NCHRP dissemi-
nate the results to potential users in other states.
This section discusses the tools examined, the cri-



teria selected by the Maryland Department of Trans- allocation task force that had functioned in 1974 and
portation (MDOT) and the consultant team for evalua- 1975. Other tools were evaluated through a Highway
tion, and the results of the evaluation. Research Information Service search and extensive

literature review.
Candidate Tools Examined

Criteria for Evaluation

Four different tools were examined: (a) the objective

priority programming procedure (PRIPRO) (3), (b) the After extensive discussions with MDOT, a list of 12
highway investment analysis package (HIAP) (4), (c) criteria were formulated to broadly evaluate the al-
the priority programming system (PPS) (5), and (d) ternative tools. Ten of these criteria relate to the
the transportation resource allocation model (TRANS) needs of Maryland, and 2 relate specifically to the
(6). MDOT has computerized versions of these tools needs of the NCHRP project.

avallable, based on the recommendations of a resource-

Figure 1. Framework for identifying and resolving state-level transportation issues.
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Table 1. Evaluation of alternative priority programming tools.

Relative Rating®

Criterion PRIPRO  HIAP PPS TRANS

Directly applicable to next Moderate Moderate Moderate Moderate
cycle

Compatible with MDOT Good Moderate Moderate Moderate
capabilities

Usable with available data Moderate Moderate® Poor Moderate

Theoretically sound Poor Moderate Moderate Moderate

Comprehensible to users Poor Good Good Good

Shows rationale for pri- Moderate Good Good Good
orities

Multiyear constraint Poor Moderate Good Poor
capability

Indicates sensitivity to Poor Moderate Good Poor
assumptions

Multimodal capability Moderate Moderate Moderate® Moderate
(long run)

System relationships Poor Moderate Moderate Moderate

Demonstrated use Moderate Poor Moderate Moderate

Transferability Good Good Good Good

2Ratings are relative

BHIAP can accept needs study files; otherwise HIAP and PPS are equivalent,

©The software packages are intended for use on highways only; the underlying methodologies
are not limited,

The MDOT criteria were that the selected pro-
cedure (tool) should be

1. Directly applicable in the next state pro-
gramming cycle;

2. Compatible with the staff and computer hard-
ware capabilities;

3. Usable with currently available data;

4. Theoretically sound;

5. Comprehensible and acceptable to the full
range of MDOT users and their clientele;

6. Able to show not only the priorities estab-
lished, but also the rationale for these priorities;
7. Able to deal with multiyear budget con-
straints, including staging questions and delay versus

deletion of improvements;

8. Able to indicate sensitivity of priorities
and project evaluations to changing conditions or as-
sumptions;

9. Able to deal, in the long run, with multi-
modal improvements; and

10. Responsive to system relationships among
projects.

The NCHRP criteria were that the selected procedure
should have

11. Demonstrated applicability to issues of in-
terest to statewide users and

12, Transferability of experience to other states.

Evaluation Results

By using the criteria listed above, an evaluation of
the alternative methodologies was made as shown in
Table 1 and summarized below.

No. of Ratings

Tool Good Moderate @
PRIPRO 2 5 5
HIAP 3 8 1
PPS 5 6 1
TRANS 3 7 2

There were certain criteria that were particularly

important to MDOT in their selection decision: multi-
year constraint capability, sensitivity to different
assumptions and uncertainty, long-run multimodal ca-

pability, and system relationships.

Multiyear constraint capability was important be-
cause MDOT has a series of revenue models and desires
to test the 1mpact of multiyear budget scenarios.

The priority programming tool must be able to work
with this type of financial data base. MDOT is in
the midst of evaluating and formulating state-level
transportation policies, plans, and programs through
its Maryland Transportation Plan process and wanted

a prlority programming methodology that would be
sensitive to factors such as assumptions and uncer-
tainties of budget rates, traffic growth, and in-
terest rates. On a long-run basis, MDOT wants a
priority programming capability that can be expanded
to determine priorities for all modes of transporta-
tion or, as a minimum, provide guidance to the secre-
tary of tranmsportation on modal emphasis for trans-
portation investments by time period. Finally, the
sensitivity of the priority programming methodology
to system relationships was judged to be important
because of the traffic impacts of decisions on inter—
connected systems.,

Based on this evaluation, PPS was selected by
MDOT for the demonstration as part of the NCHRP test
case study. MDOT has experience in testing the other
three tools. Although PPS requires input data in a
form not normally available, it was decided to use
this tool for testing purposes as part of the state-
wide transportation planning and programming process.

APPLICATION OF THE PRIORITY PROGRAMMING
SYSTEM TQ MARYLAND TEST CASE

After the decision to use PPS was made, four basic
steps were undertaken to obtain and interpret the re-
sults:

1. Development of an annotated manual noting the
procedure and caveats in the flow of information in
the program,

2. Development and coding of a test case of 26
statewide primary highway projects,

3, Installation of PPS on the MDOT computer, and

4, Analysis and interpretation of the results.

These steps are described below. Caveats are noted.

Step 1: Development of Annotated Manual

As a first step, the existing documentation (5) was
augmented by the addition of an annctated manual (7)
that clarified the procedures noted in the existing
documentation. Figure 2 shows the general flow of in-
formation in PPS. The PPS flow 1s illustrated through
three packages: (a) user—-benefit package; (b) edit
and update, inflate and discount package; and (c¢)
linear programming package. General inputs and out-
puts are illustrated and defined in greater detail

for each of these packages in Table 2. Key concerns
in applying PPS in Maryland were (a) to link the data
input requirements for the PPS to the data normally
avallable to MDOT and other state users and (b) to
highlight the output results so that the information
could be better used in making statewide transporta-
tion decisions.

Step 2: Development and Coding of

Test Case

The input variables and project information were ob-
tained from codification of 26 highway projects loca-
ted in urban and rural areas throughout the state.
This codification was critical to the analysis. Care
was exerclsed to ensure that other highways related
to the project were linked into the project descrip-
tion. Thils is the place where knowledge of the proj-



Figure 2. General information flow for PPS.
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Table 2. PPS information requirements and output.

LEGEND
Input/Output
Data

= Process

Inputs

General Information Needs

Specific Variables and Project Information

Outputs

Vehicle operating costs
Fuel
0il
Tires
Mechanical labor
Vehicle depreciation
Time
Accidents
Traffic inventory
Permanent traffic-count station data
Avg one-way flows
Ratio of traffic-link flow to saturation flow
Percentage of trucks [base year and pro-
jected (assumed constant)]
Terrain
Mountainous (western Maryland)
Rolling (central and southern Maryland)
Level (Eastern Shore)
Occupancy rates (persons/vehicle)
Urban = 1,5
Suburban = 1.6
Rural = 2.0

Highway adequacy rating
Control of access
Lane width, number and type of lanes
Shoulder width
Passing sight distance (percent)
Length (miles)
Accidents/million vehicle miles
Grade
Curvature
Type of pavement
Capacity (volume per hour)

Needs study
Average daily traffic (base and projected years)
Planning costs
Engineering costs
Right of way costs
Construction costs

Other
Median width (field survey)
Average highway speed (posted speed)
Number of intersections (field survey)®
Cycle length (seconds) (estimated)*
Number of hours parking allowed (field survey)*
Environmental factor (not used)®
Maintenance Costs (estimated)

From user-benefit package
Vehicle operating costs
Time
Accidents: fatal
Accidents: injury
Accidents: property damage
From edit and update, inflate and discount packages
Master improvement list
Salvage value
Annual added-maintenance calculation
Surface maintenance-savings calculation
Working improvement list
From linear programming package
Inflated cost streams
Discounted benefit streams
Cost-benefit ratios
Project starting dates

aNeeded only for urban projects.
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ect situation and travel patterns are important to a
successful PPS application.

Much of the general information needed for traffic
inventory, terrain, and occupancy rates was available
in MDOT files. The permanent count-station data did
require some manipulation to place it in the format
required by PPS. Relationships for vehilcle operating
costs were supplied to MDOT (7) by the consultant
team. Key project cost assumptions needed for the
relationships were discussed with MDOT.

The data related to each project set were avail-

Table 3. Twenty-year benefits by type and project:
Maryland test case.

Benefit (millions of 1978 dollars)

Vehicle Travel Total
Project No. Operation® Time® Accident Total User
1 3.954 57.354 -0.250 61.058
2 5.442 24,822 1.490 31.754
3 -9.268 15.257 2.092 8,097
4° 83.120 651,429 -0.787 733.762
5 0.903 19.477 0 20.380
6 2.223 44.077 0.507 46.807
7 2.810 63.450 0.397 66.657
8 2,127 18.357 0.250 20.734
9 6.160 42.879 0,194 49.233
10 0.211 16.515 0.184 16.910
11 2.237 43.806 0 46.043
12 0.447 7.270 0.070 7.787
13 0.290 2.968 0.212 3.470
14° 1.050 20.059 1.892 23.001
15° 0.248 2.279 (1] 2.5217
16 -2.724 12.990 1.673 11,939
il -20.295 ~44.314 -0.675 -65.284
18 0.759 23.931 -0.720 23.970
19 1.558 33.969 3.183 38.710
20 6.176 141.237 0 147.413
21 3.923 70.377 0,988 75.288
22° 2.512 55.704 0.802 59.018
23 -7.888 0.819 -1.182 -8.251
24 2.282 2.880 0.356 3.518
25 0.198 1.315 0.117 1.630
26 0.000 0.039 0,001 0.040

2Peak summer volumes not emphasized because of use of annual daily traffic,

®The value of travel time = $4.70/passangor asutomobile, $8.00/single-unit truck, and
$12.00/tractor trailer.

“These were treated as split projects and staged into a series of improvements,
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Figure 3. Comparison of cumulative
benefits and costs: Maryland test
case.
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able in urban areas through the continuing coordinated
comprehensive (3C) process and in rural areas through
sketch-planning-type processes.

The test case assumed budget constraints of $35
million in year 1, $45 million in year 2, and $75 mil-
lion each year thereafter. These budget constraints
excluded right-of-way costs because of technical prob-
lems. A total $800 million expenditure, therefore,
is related to projects whose costs exceed $1 billion
when right-of-way costs are added. The total project
costs for all projects was $l.4 billion. For purposes
of the test case, costs beyond the horizon year were
not included. The linear program, which solves for
staging of projects, selected projects that optimized
the discounted net benefits by assuming a 5.5 percent
discount rate subject to the above budget constraint,
This discount rate represents the cost of borrowing
to the state rather than total opportunity costs.

The unusual features of the linear programming
package are the use of diversion estimates and the
ability to define dependency between projects and ex-
pected lags in construction or right-of-way acquisi-
tion. Other features are the use of varying inflation
or discounts and varying time periods for benefit-
stream or cost-stream calculations. In addition,
projects are defined in kind of specific-improvement
types related to incremental changes in capacity, so
that two- to four- to six—lane projects are evaluated
sequentially. The application of the PPS methodology
in Maryland is based on the following assumptions:

(a) the bond rate of financing used in Maryland was
assumed to be the discount rate and (b) link-access
costs were assumed to be negligible.

The outputs analyzed for the Maryland application
were limited to user benefits and costs; the full
complement of social, economic, and environmental
(SEE) factors was not introduced. This decision to
limit the analysis was based on the following reasons:

1. In Maryland, the 3C and state action plan
processes screen through a great number of projects
for SEE effects in the planning, rather than the pro-
gramming, cycle. SEE effects have different values
in different parts of the state. Envirommental con-
cerns in wetland areas near Chesapeake Bay are viewed

—— e — ——
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differently than envirommental efforts in more urban
areas where social and economic effects may be
weighed higher than the physical enviromment. There-
fore, projects entering the programming cycle were
assumed to have already considered SEE effects to the
point where costs to mitigate negative SEE impacts
were determined.

2. In a report prepared by the Ontario Ministry
of Transportation and Communications (MIC) (8), it
was found that the difference between including SEE
impacts in trial runs for highway projects and not
including SEE effects resulted in only a 10 percent
different in the benefit calculation and very minor

Table 4. Priority schedule for highway projects: Maryland test case.
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differences in the determination of priorities. Be-
cause of this, the Ontario MIC has dropped SEE effects
in their determination of priorities of highway proj-
ects.

Step 3: Installation of PPS on MDOT

Computer

The PPS was installed on the MDOT computer after add-
ing certain measures that were not apparent in avail-
able documentation. These were as follows: (a) a
special PL 1/0S software library that was not avail-
able in Maryland and (b) MPSX/0S, a linear programming

Costs ($000)

Project
No. 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
1 1732 13 731 15 622 15 622 15 622 13 890 1890
2 4839 4840 4 840 4 840 4 840
3 12 393 18 380 18 380 18 380 18 380
4
5 4619 4620 4 620 4 620 4 620
6 3 533 3 533 3 534
7 1979 1980 1980
8
9 2 6 441 8 358 8 361 8 361 8 358 1918
10 4 154
11 5135
12 5 170 5170 5170 5170
13 4 873 4 874 4874 4 874
14 4 949 4 950 4 950 6 384 1434 1434
15
16
17 8 057 8058 8 058 8 058 8 058
18 12 217 12 218 12 218 12 218 12 218
19 8639 8640 8 640 8 640 8 640
20 20 067 20 068 20 068
21 12 400 12 400 12 400 12 400 12 400
22 3 940 3 940 3 940 3 940
23 Not programmed
24 4299 4 300 4300
25 1366 1 366 1366 1167 4 160 2 793 2 793 2 794
26 2 466 2 466 2 467
Total 40 103 52 107 57 830 66 721 85 562 57 298 71 836 83 292 83 290 66 027
Cumulative 92 210 150 040 216 761 302 323 359 621 431 457 514 749 598 039 664 066
total
Costs ($000)
Project
No, 1987 1988 1989 1990 1991 1992 1993 1994 1995-1996  Total
1 78 109
2 24 199
3 5 986 91 899
4 9 998 29 259 29 259 25 259 29 261 19 262 142 298
5 23 099
6 10 600
ki 5939
8 3 153 3 153 3 153 9 459
9 41 799
10 4 155 4155 4 155 16 619
11 5 136 5 136 5 136 5 136 25 679
12 5170 25 850
13 4874 24 369
14 24 101
15 10 899 10 901 10 901 10 135 10 135 52 971
16 4 259 4 260 4 260 4 260 4 260 21299
17 4391 4 391 4392 53 463
18 61 089
19 43 199
20 20 068 20 068 100 339
21 62 000
22 3 940 3 940 3 940 3 940 31 520
23 Not programmed 0
24 12 899
25 2 794 20 799
26 7 399
Total 69 080 76 931 60 804 51 883 47 596 31 853 4391 4 392 1 010 996
Cumulative 733 146 810 077 870 881 922 764 970 360 1002 213 1006 604 1010 996
total

Note: Project expenditure cycles assume constant expenditure during construction except for split projects.
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(LP) package, available only through IBM. Both of
these were obtained by MDOT during the test applica-
tion.

Step 4: Analysis and Interpretation
of Results

The PPS was then applied to the test case of 26 high-
way projects. Table 3 shows the vehicle-operation,
travel-time, accident, and total-user benefits for
each of the projects by project number. (Names of
the projects are omitted because of the sensitive
nature of some.) These benefits shown are in 1978
dollars, cumulative over the 20-year planning period,
and not discounted over time.

Figure 3 illustrates the cumulative project bene-
fits versus the project costs and shows that (a) the
cumulative project costs are within the $0.8 billion
budget constraint and (b) between 1985 and 1986, the
benefits begin to exceed the cumulative costs. Table
4 shows the priority schedule for the projects and

Table 5. Ranking of projects: Maryland test case.

Ranking Based On

Benefit-Cost

Ratio
(discounted Total User
benefits for Vehicle- Travel- Benefits for
Project planning Operation Time Accident 20-Year
No. horizon) Benefits Benefits Benefits Period
1 13 5 6 22 5
2 6 4 12 5 11
3 20 25 17 2 18
4 25 1 1 25 1
5 11 14 14 19 15
6 1 10 8 8 8
7 15 7 5 9 4
8 2 11 15 11 14
9 8 3 10 13 7
10 9 20 16 14 16
11 3 9 9 18 9
12 17 16 19 16 19
13 19 17 20 12 21
14 10 13 2 3 13
15 26 19 22 21 22
16 14 23 18 4 17
17 23 26 26 23 26
18 16 15 13 24 12
19 12 12 11 1 10
20 5 2 3 20 2
21 T 6 4 6 3
22 4 8 1 7 6
23 21 24 24 26 258
24 18 18 21 10 20
25 22 21 23 15 23
26 24 22 25 17 24

how the PPS can be used to determine which of several
projects should be started first to optimize the user
benefits over time. Thils table also indicates a
spending pattern that is at variance with the pre-
viously developed consolidated transportation program
(CTP). The comparison indicates that, in light of
budget constraints, the CTP 5-year program should be
extended to a more realistic 10-year program.

In addition to preparation of a schedule for im-
plementation of projects based on the optimization
of user benefits, the packages in PPS might also be
used to rank-order projects based on specific factors.
Table 5 shows the ranking of projects based on vehicle-
operation, travel-time, accident, and total-user costs.
This ranking resulted from the user-benefit package,
which was run before the inflate-discount package (see
Figure 2). The table also shows a ranking of projects
based on the benefit-cost ratio, which was obtained
from the output of the linear programming package.
This information can be used to adjust the priority
schedule based on different state policies.

IMPLICATIONS TO STATEWIDE DECISION MAKING

The evaluation of alternative priority programming
tools and the application of a specific tool (PPS) in
Maryland indicated that these tools can assist a state
in obtaining information (see Table 6). Several areas
of application were identified in Maryland:

1. Development of the Maryland Tramsportation
Plan (MIP)--MDOT is completing a statewide multimodal
transportation plan. The MIP uses as input for high-
ways a 20-year highway-needs study prepared by the
Maryland highway administration and based on an ade-
quacy rating system. Some of the needed highway im-
provements are at present contained in the 5-year
CTP. The MIP classifiles those items that are in the
CTP for construction within the 5-year period as cate-
gory 1 and those that are in the CTP for project plan-
ning or other preconstruction activities as category
2. Based on various financial projections for the
20-year period, MDOT through the MIP is attempting to
identify those unprogrammed needs that have higher
priorities and benefit-cost ratios as category 3 in
the plan, as opposed to those unprogrammed needs,
category 4, that have lower priorities and would fall
outside the 20-year projection of available funding.
The PPS can be used to help determine the category 3
versus category 4 split in future updates of the MIP.

2. Systems planning and special studies--MDOT
conducts many arcawide and modal systems planining
studies where the PPS could be used to test alterna-
tive financing assumptions, facilitiles, or corridor
alignments., Examples of these ongoing studies in-

Table 6. Comparison of information needs for priority programming tools.

Priority-Programming Tool

Information Need PRIPRO TRANS

HIAP PPS

Ranking highway projects
and cost effectiveness"

Based on sufficiency ratings Based on effectiveness

Based on benefit-cost indi- Based on benefit-cost indi-

measures such as cost cators cators

and weighted indicators

Ranking highway projects
and introduction of budget
constraints

Ranking highway projects
and introduction of budget
constraints and SEE im-
pacts

Ranking multimodal proj-
ects and introduction of
budget constraints and
SEE impacts

Not applicable
procedure

Considers SEE impacts but
not budget constraints

Highway oriented: could be
made multimodal

Multimodal

Heuristic optimization

SEE impacts considered
by using weighted indi-
cator factors

Marginal analysis approach  Optimization through linear pro-

gramming®

SEE impacts considered as
constraints to eliminate
projects®

SEE impacts outside of PPS;
MTC found small difference in
benefits; screen projects for
SEE impacts before PPS

Highway-oriented theory: Multimodal approach®

could be made multimodal

aSubjective judgment is the most direct and inexpensive approach to obtaining information needed.



clude the (a) northern Charles County transportation

system study, (b) MD-100 corridor systems study, (c)

Garrett County economic planning study, and (d) toll-
revenue utilization study.

The last study, now under way, attempts to evalu-
ate candidate toll facility or highway improvements
that could be constructed from surplus revenues from
an existing toll road. This type of analysis should
consider that certain improvements would generate a
revenue stream that should be factored into the cost-
benefit calculation.

3. Program development--MDOT is using the PPS
to develop various 5-year programs based on the status
of projects and various constraints for state, federal,
and bond revenues, as well as on production capabili-
ties.

4. Project planning studies--PPS, specifically
the road-user benefit package, can be used to evalu-
ate alternative alignments in a project planning
study.

SUGGESTIONS FOR FURTHER RESEARCH

Some improvements could be made in the existing pro-
gram. For example, the linear program was run by
using the procedure that maximized net present worth
of benefits within budget constraints, but the math-
ematical programming system extended version can also
use multiple objective functions. These might be the
maximization of the net present worth of benefits
minus the costs or the minimization of the present
value of costs. A comparison of the priority rank-
ings obtained by using the three objective functions
would provide useful insight into the selection of
the most appropriate of them. Another option of the
PPS 1s to produce priority rankings in the linear
program that maximize one of the three benefits com-
ponents (vehicle operating, travel time, and acci-
dents). This would be useful, for example, if a
state is interested in saving energy and hence maxi-
mizing vehicle-operating benefits.

Some improvements could be made by revising the
existing documentation for application of the PPS so
that other users could apply it with greater versa-
tility and flexibility.

Another area for further research is the develop-
ment of user benefits programs for other modes that
are comparable to the highway-mode program. The rou-
tine for the determination of priorities is applicable
to all modes. This multimodal application may suggest
a longer planning horizon (more than 20 years as is
assumed for the highway mode). The successful appli-
cation developed in Maryland involved a transfer of
methodology as well as a review of areas in which fur-
ther improvement is possible. These improvements
would facilitate the use of this program by states
concerned with user-cost trade-off evaluation for
maintenance, new construction trade-offs, the deter—
mination of priorities in budget comstraints, and the
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many other possible applications of benefit-cost anal-
ysis and linear programming in transportation deci-
sion making.
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Financial Analysis Methodology for Regional
Rapid Transit System Development

Richard V. Fuller, Schimpeler-Corradino Associates, Miami

G. Scott Rutherford and C. C. Schimpeler, Schimpeler-Corradino Associates,

Louisville, Kentucky

V. E. Unger, Schimpeler-Corradino Associates, Louisville, Kentucky, and Department
of Industrial and Systems Engineering, Georgia Institute of Technology

In planning large-scale transportation improvement
projects, local, state, and federal governments all
insist that a major consideration be the establishment
of the financial workability of the proposed project.
The financial commitments involved in such projects
extend over long periods of time and can potentially
impose untenable financial burdens on a community.

It is therefore imperative that the financial re-
quirements be identified early in the planning pro-
cess. This requires an analysis over time of capital
costs, operating and maintenance costs, revenues, and
funds from local, state, and federal sources. Through
such an analysis, the financial impact of various de-
sign parameters and policies, such as fare structures
and levels, can be identified and evaluated.

The computerized financial model described in this
paper was developed for the metropolitan Dade County
transportation improvement program--stage l: rapid
transit system. The costs presented here are for
stage 1 (alternative), a 34.5-km (21.5-mile) conven-
tional rail system. The financial model is being used
in planning for the Dade County combined bus~rail
transit system.

This financial (or cash-flow) model was developed
and is being used to assist in the financial analysis
of various design parameters and alternatives and in
the evaluation of policy decisions. The model pro-
vides a yearly analysis of capital-cost and operating-
cost expenditures, capital-funding and operating-
funding sources, operating revenues, and other fund-
ing sources., It also calculates the annual net cash
flow and determines the extent of additional funding
required.

MODEL LOGIC

As currently implemented, the cash-flow (or financial-
planning) model can be conveniently conceived as di-
vided into sixX component parts:

1. Capital cost,

2. Operating cost,

3. Capital funding,

4, Operating revenue (especially fare-box rev-
enue)
5
6

Operating funding, and
. General funding.

First, consider the interrelationships among
these component parts. Capital costs must be input
to capital-funding computations because many capital
funds are computed as a percentage of capital costs.
Similarly, both operating costs and operating reve-
nues should be input to operating-funding computa-
tions because, in particular, funds available under
section 5 of the Urban Mass Transportation Administra-
tion (UMTA) Act of 1964 cannot exceed half the oper-
ating deficit. Finally, capital-funding computations
and operating-funding computations must be input to
general-funding computations. There, general funds
(not specifically designated for capital or operating
costs) are applied toward any remaining capital costs
not met by capital funding plus any remaining oper-

ating costs not met by operating funding. These in-
terrelationships are indicated in the flow chart of
Figure 1.

Next, consider the sequence of actions within the
capital-cost component. Data for the rail construc-
tion and procurement activities are input. For each
activity, a class code, the duration of the activity,
the escalation rate, and the base cost are input.

The class code denotes the activity as belonging to
one of several main classes that are output by the
cash-flow model: right-of-way, rail fixed facilities,
rail vehicles, or engineering and management costs.

The base cost of a rail activity 1s spread uni-
formly over its duration (in months) and escalated
on a monthly basis. The monthly activity costs are
then accumulated into yearly activity costs that are
in turn accumulated into yearly costs for the output
classes.

Data for bus capital costs are also input.

These data include an initial schedule of purchases
of new buses, a schedule of replacement purchases for
exlsting buses, a growth rate for the bus fleet after
the initial schedule, and the base cost of an indi-
vidual bus. Additional data are the schedule of bus-
garage construction costs in base-year dollars and
escalation factors for bus costs. It is assumed that
buses bought during the analysis time period will be
replaced after 12 years. With this information, the
base-year—-dollar costs of buses can be computed and
escalated on a yearly basis.

The rail and bus capital costs, as computed
above, and the county expenses (a schedule of which
is input) are output in a capital-cost table.

The operating-cost component is next considered.
Initial schedules of base-~year-dollar operating costs
are input for both bus and rail systems. By using
growth rates for the operating costs after the ini-
tial schedule, the schedule over the entire analysis
time period can be completed. Appropriate factors
are input to divide the total operating costs for bus
and rail into the components of (a) tramsportation
operations, (b) power, (¢) maintenance, and (d) gen-
eral and administration. These operating-cost com-
ponents can then be escalated at possibly different
rates.

Next, consider the capital-funding component.

The total capital cost, bus capital costs, and any
costs that are assumed will receive highway funds
are introduced from the capital-cost computations.
If there are highway-fundable costs, these will be
met 70 percent from federal highway funds and 30 per-
cent from state highway funds. The funds available
under section 3 of the UMTA act are then computed as
80 percent of the total capital cost minus the
highway-fundable costs. The state will contribute
10 percent of the amount of the total capital cost
minus the highway-fundable costs. An attempt will
be made to meet the remalning capital costs not
covered by the federal and local contribution by the
sale of general obligation bonds. If the remaining
bond capacity is exceeded, the excess 1s labeled ad-
ditional capital funding needed.

Next, consider the operating-revenue component.
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The inputs for this component include (a) nonstudent
revenue patronage for the years 1977 and 1985, (b)
initial student patronage and a growth factor for
the time period after the initial schedule, (c) a
revenue-distance schedule interpolated between 1977
and 1985 and projected by a growth factor thereafter,
(d) a schedule of average regular fares (not reduced),
(e) a schedule of perceived automobile cost per unit
distance, (f) a schedule of elderly-fare riders as

a percentage of total ridership, and (g) the Dade
County population growth by year.

The 1985 revenue patronage is first factored to
the same basis of fare and automobile cost as the
1977 patronage and then has the population growth
from 1977 to 1985 factored out. A passenger-per-
unit-distance factor to be applied between 1977 and
1985 is derived from the 1977 patronage, the twice-
factored 1985 patronage, and the 1977 and 1985 reve-
nue distances. An unadjusted patronage schedule is
then projected from the revenue-distance schedule,
the 1977-to-85 passenger-per-unit-distance factor,
and a post—-1985 passenger-per—-unit-distance factor.
This unadjusted patronage schedule is multiplied by
appropriate yearly factors to adjust for fare, auto-
mobile cost, and population growth. The next step
in the fare-box-revenue computation sequence is to
compute the number of elderly-fare passengers as a
percentage of the nonstudent passengers. The fare-
box revenue is computed by using half-fare for
students and elderly passengers and full average
regular fare for the remaining passengers. The in-
formation from these computations is output in a
fare-box-revenue table. Other operating revenues
(e.g., station parking, value capture, and advertis-

GENERAL. FUNDING
COMPUTATIONS

3

INPUT
GENERAL FUNDING
DATA

ing) are introduced to be output in the operating-
revenue table (a subtable of operating funding).

Now, attention is focused on the operating-funding
component. A schedule of UMIA section 5 funds is in-
put, and the total operating cost and operating rev-
enues are Introduced from the previous computations.
Available section 5 funds are section 5 funds allo-
cated for a given year plus any that were not used
in the previous year. Used section 5 funds for the
year are the smaller of the available section 5 funds
and 50 percent of the operating deficit. The addi-
tional operating funding needed is then the part of
the operating deficit not covered by used section 5
funds.

Finally, consider the last component, general
funding. Here, schedules of transit-designated reve-
nues, particularly taxes, that are not restricted
either to capital or to operating costs are input.
From the capital-funding computations, additional
capital-funding requirements are introduced. From
the operating-funding computations, additional
operating-funding requirements are likewise intro-
duced. The annual net cash flow is then computed
for a given year as the total of the general revenues
minus the additional capital-funding requirements.
The actual financial situation for the year 1s ob-
tained by adding to the annual net cash flow any cash
remaining from the previous year and the interest ac-
crued.

MODEL OUTPUT

The output format of the computer model consists of
six tables corresponding to the six component parts
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discussed above. For each year of the time span
chosen, the cash flows corresponding to the column
headings in each table are given.

USE OF RESULTS OF CASH-FLOW MODEL

The results of the cash-flow analyses are being used
in the short-, intermediate-, and long-range budget-
ing processes of the Dade County Metropolitan Transit
Agency (the present bus operator) and the Dade County
Office of Transportation Administration. The opera-
tor is working interactively in the fiscal planning
process and the development of the short-range oper-
ating budget. The transportation overview function
in Dade County (the Office of Transportation Adminis-
tration) is using the results in financial planning
and programming and in the development of the county
strategy for securing legislative support for bus

and rail transit development. Based on these analy-

Abridgment

ses, a number of fiscal programming strategies have
been considered and rejected and a course of action
for the Dade County Board of Commissioners relative
to deficit management has been and continues to be
explored. The fiscal impact of delay and other con-
struction staging decisions have been explored by
using this planning tool.
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Maryland’s Primary Highway System: Criteria,
Policies, and Financial Considerations

Robert P. Brodesky and Isaac Shafran, Maryland Department of Transportation

The state highway system in Maryland, like that in
most states, has evolved over the years. Additions
to the system are continually being proposed, but no
specific criteria for additions or deletions have
been developed.

In 1972, the state legislature required the des-
ignation of a state primary highway system and, in
July 1972, the Maryland Department of Transportation
(MDOT) adopted such a gystem, in accordance with this
state law. However, the legislation does not define
a primary highway and provides no substantive guidance.

In mid-1976, in preparing a statewide transporta-
tion plan, MDOT initiated an analysis of the primary
highway system to develop departmental criteria and
policies for system designation and development.

This analysis included a review of the adopted pri-
mary system; the development of objective, consistent
system guidelines; and a strategy for system develop-
ment recognizing limited resources. This paper de-
scribes this analysis and its results to date.

ANALYSIS OF PRIMARY HIGHWAY CORRIDORS
AND DEVELOPMENT OF CRITERIA FOR
SYSTEM DESIGNATION

System Objectives

From the beginning, the study found that the objec-
tives of the state primary highway system are similar
to those of the national Interstate system. They
were defined as

1. The provision of direct routes for major in-
terstate and interregional traffic flows;

2. The connection of major urban areas and traf-
fic generators;

3. The concentration of long-distance, high-
volume travel on a limited high-level-of-service sys-
tem;

4, The support of statewide developmental objec-
tives; and

5. The concentration of funds on needed major
highway facilities that serve interregional travel
flows.

These objectives established the framework by which
roadways and corridors of primary statewide impor-
tance could be identified.

Corridor Analysis

Based on these objectives, the primary highway corri-

land uca

dor gervice ta centere of sconomic activity land
population, and other major trip generators were ana-
lyzed. This resulted in overlays of areas that had
population centers of more than 10 000 persons, em-
ployment centers of more than 2000 persons, major
recreational centers, major transportation terminals,
military installations, and national and state parks
on maps showing the existing primary system. The
series of overlays was an effective illustration of
the number of times the links in the system connected
activity centers of statewide interest. There were
links that appeared to be nonessential and others
that were identified as possible additions.

A similar analysis was conducted by using
traffic~service information and developed overlays
of average daily traffic, percentage of truck traffic,
level of service, and access control. The traffic-
service information was then used to identify those
corridors serving high-volume, long-distance travel.
This analysis led to the conclusion that several of
the routes in the previously adopted primary highway
system were lower volume routes (less than 5000 aver-
age daily traffic) and candidates for deletion from
the system.



Table 1. Available funding for Interstate and primary highways.

Available Funding (millions of constant 1976 §)

Nature of Interstate Primary Total

Revenue

Estimate State Federal State Federal State Federal Total
Low or 10 90 34 79 44 169 213
conservative

High or 60 540 1170 217 1230 757 1987
optimistic

Constant 60 540 1418 217 1478 757 2235
purchasing

power

System Criteria

The analyses of traffic generators and traffic-
service information were then compared to the Mary-
land functional classification system. (This classi-
fication system 1s based on the federal system al-
though it also includes an intermediate-arterial
category.) It was concluded that the state functional
classification system is a good expression of the ser-—
vice provided by various facilities to land use and
economic activity; thus, this system was used as the
base from which to develop the criteria for primary
highway system designation.

The use of the functional classification system
had another benefit. County staff and elected offi-
cials in the state had already reviewed and concurred
with the revised federal functional classification
(approved July 1, 1976, as part of the federal-aid
system realignment), which closely relates to the
state network.

Thus, the following criteria for designation of
the system were developed.

1. Limit the system to 5 percent of the total
of state, county, and municipal highways and roads.
This percentage 1s just slightly greater than the
maximum allowance for principal arterials in the fed-
eral functional classification system.

2. Include all principal arterials (except In-
terstate highways) on the year 2000 state functional
classification maps (legally, Interstate highways are
not part of the primary highway system in Maryland,
but the analysis described in this paper also in-
cluded them): (a) connect population centers of
5000-25 000 persons, which are considered to be
served when the highway passes within 8 km (5 miles)
of the central business district; (b) emphasize di-
rect through travel between population centers; and
(c) serve long trips and the high-volume traffic typ-
ical of substantial interregional or interstate travel
[that is, trip lengths greater than 40 km (25 miles)
and traffic volumes greater than 17 000 vehicles/d in
rural areas and 55 000 vehicles/d in urban areas].

3. Include those intermediate arterials of major
importance: (a) connect population centers of 5000-
25 000 persons, which are considered to be served
when the highway passes within 8 km of the central
business district; (b) connect the major highway cor-
ridors in adjacent states; and (c¢) provide connections
between the Maryland portions of the main Northeast
Corridor routes.

Revised System

A revised primary highway system that uses the above
criteria was prepared. Generally, this system in-
cludes most of the elements of the 1972 adopted sys-
tem, but it reflects a number of significant dele-
tions. Roadways that parallel other primary system
elements that carry more interregional traffic or
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represent more recent major investments in physical
improvement (or both) were deleted. In addition, some
elements of the original primary system were recom-—
mended for deletion from the revised system based on
a determination that their traffic-carrying function
was primarily local rather than of statewide impor-—
tance.

The revised system was compared with the 1972 sys-
tem on a regional level. The total length of the sys-
tem was reduced by 298 km (186 miles), the percentage
of the primary highways was reduced from 5.5 to 4.9,
and the systemwide vehicle travel did not change ap-
preciably. The proposed primary system carries about
57 percent of the vehicle travel of the entire state
road system. This is only 4 percent less than the
previous system. A comparison of the length of the
primary system as a percentage of the length of the
total system by region indicated that the system cov-
erage is adequate and within a reasonable distance of
all areas of the state.

FINANCIAL CONSIDERATIONS

The study also compared the cost of implementing the
primary highway system with the anticipated revenues.
There were several steps to this part of the analysis.
First, a range of total state revenues available for
transportation purposes over the next 20 years were
estimated based on the present revenue structures and
institutional arrangements. This gave three funding
levels that are referred to as the conservative, op-
timistic, and constant-purchasing-power alternatives
(see below).

State Monies

Available to State
Trust Fund Revenue
(1976-1996) Available for
(1976 constant  Construction
Nature of Revenue Estimate 3$) ($)
Low or conservative, low rate of 3.5 billion 0.8 billion
growth in variables affecting
MDOT revenues
High or optimistic, high rate of 5.0 billion 2.3 billion
growth in variables affecting
MDOT revenues, represents most
optimistic estimate based on ex-
isting revenue structure and
three or four tax increases over
20-year period
Constant purchasing power, rev- 6.0 billion 3.3 billion

enue requirement based on
maintaining MDOT's recent
purchasing power over 20-year
period, requires significant in-
creases in revenue

Estimates of federal aid (assuming a continuation of
present federal-ald formulas, policies, and funding
levels) were then developed (see Table 1). Reasonable
funding levels for primary highways were developed,
based on the total state and federal revenue esti-
mates. Finally, these funding estimates were com-—
pared to the MDOT 5-year program.

Comparing the total costs of the primary highway
projects in the MDOT 5-year program with the state
and federal revenue estimates available for primary
highways led to the following conclusions:

1. Under the low or comnservative estimate, MDOT
cannot complete all the projects in its approved 5-
year program within 20 years without additional rev-
enues. By this estimate, only 24 percent of the
needed funds to implement all the major capital proj-
ects in the 5-year program would be available over
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the 20-year period, and only about 10 percent of the
funds needed to complete the programmed primary high-
way projects would be available.

2. Under the most optimistic assumptions of rev-
enues available to MDOT, which includes three or four
revenue Iincreases, all projects in the 5-year program
can be completed over the 20-year period. However,
MDOT would not have the financial capability to ini-
tiate any additional major port, aviation, rail, high-
way, or tramsit projects within the next 20 years
without cutting back on operating services or cur-
rently programmed capital projects. Furthermore, be-
cause of an anticipated shortfall in federal primary
highway funds, about 75 percent of the primary high-
way funding would have to be provided entirely by the
state; i.e., there would be no federal matching funds
available for many of the primary highway projects.

3. Under the constant-purchasing-power revenue
estimate, MDOT could expect to complete all of the
programmed projects plus about $250 million worth of
nonprogrammed primary highway projects. Again, all
of the new projects would have to be entirely state
funded, because all of the estimated federal aid
available would have been used on programmed projects.

Comparing the costs to implement the 1972 system
and the system proposed here with the estimates of
anticipated revenues led to the following conclusions:

1. The proposed revisions to the primary highway
system reduce the total costs to complete the system
by $500 million.

2. All the critical highway needs (i.e., those
needs perceived necessary today) under the proposed
system could be met by assuming the most optimistic
revenue estimate but, under the adopted system,
about $300 million worth of critical needs would re-
main unmet.

3. Under the constant-purchasing-power revenue
estimate, the total costs to implement the proposed
primary highway system exceed the revenues that are
anticipated to be available. Even assuming that non-
Interstate federal aid would double, approximately
one-sixth of all primary needs would remain unmet at
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the end of the 20~-year period. Because of this situ-
ation, MDOT is considering access—control policies to
preserve the traffic-carrying capacities and functions
of the existing primary facilities.

SUMMARY AND CONCLUSION

Criteria for system designation and policiles for sys-
tem development have been proposed that recognize
that the funding necessary to bring the entire sys-
tem to freeway standards will not be available in the
foreseeable future. Several estimates of state and
federal revenues were developed, and it was concluded
that (a) MDOT cannot complete all the primary proj-
ects in its approved 5-year program within 20 years
without additional revenues and (b) even under the
most optimistic estimate of revenues, the total cost
to implement the primary highway system exceeds the
revenues that are anticipated to be available.

Emphasis, therefore, has been placed on making
better use of existing facilities, for example, by
adding access controls where practical. In addition,
several major freeways that were part of the long-
range planned freeway system in Maryland were deleted
from the primary highway system.

The proposed criteria for system designation will
provide, for the first time, an objective process by
which to consider suggested additions to the system.
Thus far, only the primary system has been analyzed.
As a next step, it is proposed to conduct a similar
analysis and develop criteria for inclusion of facil-
ities in the secondary system so that the entire
state highway system can be rationalized.
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y Changing F 1scal Environment

Marshall F. Reed, Jr., Highway Users Federation, Washington, D.C.

Because of decreasing rates of revenue growth, increasing inflation,
and growing maintenance and operating costs, revenues for transpor-
tation are insufficient to satisfy public expectations. This paper
summarizes a discussion of how several states are altering the pro-
gramming process to meet changing financial conditions. Maryland
is emphasizing smaller, less costly highway projects, designing for
current rather than future service needs, and planning more projects
than can currently be funded. Texas, on the other hand, has em-
barked on an $11.8 billion 20-year highway construction program.
Pennsylvania, concerned over abandonment of railroad branch lines,
is providing subsidies for commuter rail lines. To allocate limited re-
sources for airport development, Illinois has instituted a systematic
project-selection process. At the local level, the New York Metro-
politan Transportation Authority is putting heavy reliance on federal-
aid funds. Uncertainty in these funds causes a problem in program-
ming. In an effort to hold local subsidies down, capital funds have
been used for transit operations.

Almost every major industrial state in the nation is

facing a cost-revenue squeeze.
to three basic factors:

The problem is related

1. Decreasing rates of revenue growth;

2, Diminishing buying power because of inflation;
and

3. Increasing maintenance and operating costs
because of the aging of physical facilities, a back-
log of maintenance and repair work, and high traffic
volumes.

The impacts of this situation can be stated
simply: For almost all modes of transportation, rev-
enues are not sufficient to satisfy public expecta-
tions for system and service expansion. Furthermore,
this cost-revenue squeeze has reduced improvement
projects sharply rather than gradually.

This report summarizes a conference session that
discussed this topic. Two of the five speakers pre-
sented state highway department approaches. One



speaker indicated the problems of planning and pro-
gramming statewide railroad improvements. Another
speaker discussed the programming of airport improve-
ments, and the last speaker discussed mass transpor-
tation programming in a large metropolitan area.

MARYLAND STATE HIGHWAY PROGRAMMING

Frederick J. Goettemoeller of the Maryland Highway
Department traced the problems in Maryland of con-
struction programming in the 1973-1977 period.

Highway-user tax revenues, which are related to
automobile travel, had been increasing rapidly until
1974, when there was an abrupt downturn, which was
followed by a leveling in 1975 and an upturn in 1976
and 1977, Programmers who were attempting to make
forecasts based on annual revenues were consistently
wrong in their projections, thereby creating a credi-
bility gap between highway officials and both citi-
zens and legislators about comstruction projects to
be included in annual programs. Rapidly increasing
construction costs during this period compounded the
problem of establishing realistic programs.

As a result of the experience, the Maryland High-
way Department is now emphasizing smaller, less costly
projects. This change was made because cancellation
of small projects has less impact on the total con-
struction program than does cancellation of larger,
more expensive projects.

Also, Maryland is now programming projects that
are needed for current traffic and deferring facili-
ties that will be needed to satisfy future traffic.
For example, some projects that require only two
lanes now but will require four lanes in the future
are being designed and built with two lanes and
enough right-of-way to accommodate four lanes.

Furthermore, more projects are now being included
in the program than are likely to be funded to be pre-
pared for the possibility of increased travel and
therefore more revenue than anticipated. This re-
quires that preconstruction activities be completed
on many projects that are not likely to be built dur-
ing the construction period and also requires special
care in explanations to legislators and the driving
public.

In summary, an important objective of the Mary-
land programming process is to keep options open as
long as possible. At the same time, extra effort is
being made to be candid with the public and elected
officials on the need for this flexibility.

TEXAS STATE HIGHWAY PROGRAMMING

Robert L. Lewis of the Highway Design Division of the
Texas Department of Highways and Public Transporta-
tion explained how they are meeting financial prob-
lems.

First, the workforce was reduced from a staff of
18 000 persons in 1974 te 14 000 in 1975. Second, a
special task group was organized that led to changes
in design standards and project specifications and
other changes to improve economy and efficiency.

However, most important was a comprehensive study
of the construction program and finances, which found
an $11.8 billion backlog of committed projects and
only $1.9 billion of available state funds to meet
these commitments over a 20-year time period.

In January 1977, the results of the study were
presented to the Texas legislature in the form of al-
ternative lists of projects based on alternative fund-
ing levels. The legislators were given the choice
between cutting back the program in line with avail-
able funds or increasing the resources to expand the
number of projects that could be completed. With
close to unanmimity, the legislature and governor
autherized an lmmediate $200 million in catch-up
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funds and, at the same time, established $700 million
as the annual statutory base for state highway funds
and provided for increasing this annual level based
on a highway cost index.

To estimate the highway cost index, a highway
fund forecasting model, termed HIFUND, was developed
that estimates beth highway revenues from all sources
and highway costs on an annual basis for a 25-year
future period.

RAILROAD PROGRAMMING

Edson L. Tennyson of the Pennsylvania Department of
Transportation (PennDOT) explained that the statewide
railroad system is largely controlled by the private
railroad companies and the federal government.
PennDOT is, however, concerned, because abandonment
of branch lines may adversely affect Pennsylvania in-
dustry and citizens. Federal subsidy for the contin-
uation of service on branch lines is available to the
railroads and is related to the benefits of the ser-
vice.

Because of the popularity of the 15 commuter rail
lines in Pennsylvania and because the cost of commuter
rail service is more than passenger fares will cover,
Pennsylvania uses available federal and state aid to
subsidize the railroads for continuation of commuter
service,

ATRPORT PROGRAMMING

Harry Wolf of the Illinois Department of Transporta-
tion (IDOT) described the three-stage process used

to develop their airport capital-improvement program.
The types of improvements are (a) airport resurfacing;
(b) construction of runways, taxiways, and aprons; (c)
land acquisition; (d) automobile parking lot expan-
sion; and (e) new airport construction. The three-
stage systematic project-selection process is needed
because airport capital needs are three times greater
than available improvement resources.

In the first stage, IDOT determines the program
objectives and defines what is to be accomplished
during the program period.

In the second stage, IDOT establishes the rela-
tive priorities of the program objectives. For ex-
ample, IDOT may choose as 1its first priority to pre-
serve essential airports by resurfacing and replac-
ing worn-out facilities or equipment. However,
program priorities are established to preclude a
situation in which the entire program emphasizes
either construction or rehabilitation.

The third stage in the process is the develop-
ment of project-selection standards. These are es-
tablished to ensure that only those projects that can
be implemented and that make the best use of avail-
able funds are included in the program. Threshold
standards, in terms of aircraft use and other items,
are established and used to eliminate low-priority
projects.

URBAN MASS TRANSPORTATION PROGRAMMING

John Kaiser of the New York Metropolitan Transporta-
tion Authority (MTA) outlined the role of his organi-
zation in funding mass transportation service in the
New York City metropolitan area. To place the MTA

in perspective, Kaiser indicated that the buses, rail
transit system, and commuter railroads serving the
area carry 31 percent of the nation's total transit
riders.

Two issues are of special importance to the pro-
gramming of mass transportation capital improvements
in the New York City area: federal funding options
and the mixing of social and mobility objectives.

Federal funding is important because approximately
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$220 million is available for transit construction
or rehabilitation and because state and local govern-
ments need provide only 20 percent in matching funds
to gain the federal support. However, the problem
in programming is the uncertainty of the federal
funds because, under federal law, these funds can
be, and are being, diverted to system operation.

In their attempts to hold down both local subsidy
of transit operations and fares, state and local offi-
cials have opted to use much of the available capital
funds for transit operations. Because New York City
has an old rail transit system, this diversion of
capital resources and the deferment of capital reha-
bilitation may cause future problems in the reliabil-
ity of the subway system.

The other MTA programming problem surrounds the
issue of mixing objectives. Mass transportation is
evolving into a social benefit for elderly and handi-
capped persons without added financial resources to
cover the additional costs.

An example of a social program that has no special

funding is New York City's half-fare program for the
elderly. This program was enacted in 1969 without
careful establishment of need. Basic to the enact-
ment of the program was the assumption that twice as
many elderly persons would use the system, thereby
making the program a break-even financial proposition.
However, in reality, the elderly are making only 27
percent more person-trips and, therefore, this pro-
gram substantially increases the deficit of the sys-
tem.

Also, new federal regulations require that, in
the future, transit vehicles must accommodate wheel-
chairs (although there has not been a careful study
of the needs of handicapped persons). Unless substan-
tial public resources are wmade available to the MTA
to meet this new social role, transit service to New
Yorkers will deteriorate.

Publication of this paper sponsored by Committee on Transportation
Programming, Planning, and Evaluation.

State and Federal Issues in Financing

Highway Programs

Len Sherman, Cambridge Systematics, Cambridge, Massachusetts

Current and emerging issues in highway finance are summarized
from both a state and a federal perspective. The highway revenue
outlook is presented and contrasted with recent historical experi-
ence. Inflationary forces, particularly in the highway construction
and maintenance sectors, and the projected revenue impacts of the
Energy Policy and Conservation Act of 1975 are having a severe ef-
fect on the ability of the states to maintain and improve existing
highway systems. The increasing constraints on state highway bud-
gets raise several questions concerning future highway finance alter-
natives and the proper roles of federal and state governments, The
problem of the inability of the existing federat-aid highway program
to adapt to changes in the highway finance environment and shift-
ing investment priorities is growing. Mare attention chauld ha given
to the link between highway investment policy objectives and the
programs designed to implement these objectives.

By past standards, the revenue outlook for state
highway departments 1s austere at best. After nearly
two decades of rapid growth in highway programs follow-
ing the inception of the Interstate system, the states
now face the prospect of sharply reduced revenues in
the wake of the Energy Policy and Conservation Act
(EPCA) of 1975. The recently mandated nationwide
88.5-km/h (55-mph) speed limit and other legislation
pending before Congress may also serve to erode state
highway revenue bases. Although various forecasts
differ somewhat (1,2,3,4), it is generally conceded
that recent legislative actions will result in gaso-
line consumption levels in 1985 that are little or
no higher than current levels despite a significant
projected growth in vehicle travel (VI). Because
gasoline tax receipts have traditionally contributed
approximately three-fourths of state and federal high-
way revenues, the revenue impact of projected automo-
tive fuel-economy improvements is a significant con-
cern of highway officials at all levels of government.
The potential problems associated with projected

decreases in the growth of highway revenues are com-
pounded by inflation and the recent sharp increase in
highway maintenance requirements. Inflation in par-
ticular has had a severe effect on the costs of con-
struction, maintenance, and highway administration.
As one example, the California Highway Commission on
Problems of Financing Transportation has reported
that, during the 8-~year period between 1967 and 1975,
the state highway-construction cost index increased
by nearly 140 percent in contrast with the increase
in the state consumer price index over the same pe-
riod of only 63 percent. Nationwide, the figures
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federal-aid highway construction index was more than
double its 1967 level, although the nationwide con-
sumer price index increased by little more than 50
percent over the 8-year period (5). Inflationary
forces have been especially severe since the 1973 oil
embargo. Petroleum cutbacks and increased oil-import
costs have led to dramatic increases in the prices of
the bituminous and asphaltic materlials used in con-
gstruction and maintenance. In fact, since 1973, the
yearly increase in highway material costs in many
states has been as high as 45 percent (6).
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HISTORICAL PERSPECTIVE

Historically, the increase in construction and main-
tenance costs has not been accompanied by a commensu-
rate increase in highway revenues, and this trend is
likely to be exacerbated as new, more fuel-efficient
automobiles enter the nation's vehicle fleet. Over
the past 8 years, state highway motor-fuel tax reve-
nues have grown by an annual nationwide average rate
of 6.6 percent. Federal highway grant authorizatlons,
another major source of revenue to the states, have
grown even more slowly, at an annualized rate of only
4.4 percent [see below (7)].



1967 Level 1975 Level Annual
(current year (current year Growth
Item $000 000 000) $000 000 000)  Rate (%)
State gasoline 5.01 8.35 6.6
tax receipts
Federal highway 4.00 5.45 4.4
grant authoriza-
tions
Composite index 100 203.8 9.3
for highway

construction

In contrast, the federal-aid highway construction in-
dex over this period has increased at an annual rate
of more than 9 percent. Simply stated, the conse-
quence of these trends is that total state highway
revenues have decreased significantly in constant
dollars over the past decade, as have total expendi-
tures and expenditures per vehicle kilometer.

Unless this trend is reversed, the nation's high-
way system will decline from its present level of
service, at least on selected routes. In fact, there
are already signs that the states have been deferring
needed maintenance on major federal-aid-system roads,
bridges, and bridge decks. The Interstate system and
its supporting structures have placed a major strain
on state highway maintenance budgets. A large portion
of that system was built in the 1960s under condi-
tions in which the states were spending ''10-cent dol-
lars" for comstruction. Although the system was
heavily subsidized, state funds devoted to Interstate
construction still represented a sizable fraction of
total yearly state highway department budgets as shown

Figure 1. State expenditures on federal-aid systems.
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in Figure 1. In the mid-1960s, in fact, the state
expenditures on the Interstate system exceeded their
expenditures on the primary and secondary systems
combined, although the latter systems were federally
subsidized only on an equal-matching basis (8).

Roads and bridges built during the mid-1960s are
now more than 10 years old. Large sectlons of road-
way constructed during that era of unprecedented high-
way route expansion are in need of resurfacing and
other maintenance operations. In retrospect, it ap-
pears now that many highway departments overcapital-
ized during the past decade. The legacy of that era
is the soaring maintenance requirements facing state
highway departments. Highways built with 10-cent
dollars now must be maintained with unsubsildized
1970s dollars whose purchasing power is only a frac-
tion of their earlier value.

A sampling of recent public statements by state
highway officials reported in the weekly newsletter
"From the State Capitals" in the spring of 1978 tes-—
tifies to the severity of the fiscal dilemmas faced
by the states and the resulting shifts in program
emphases:

1. The Alabama Highway Department is in ''serious
trouble in the maintenance" of highways, according
to a department engineer. At a meeting with the Bir-
mingham Regional Planning Commission's Transportation
Citizens Committee, the state highway official said
that his department receives federal funds to build
highways, but must rely on state and local funds to
keep them up. '"There is no maintenance picture at
all except for state and local funds, and we can't
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Figure 2. Total disbursements for highways by function: 1921-1975.
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do what we want to with that," he said, adding that
the situation could be solved only by a tax increase.
At present, the highway department can mow grass and
clean up litter along roadsides only once a year be-
cause of the lack of funds.

2. More than $1.35 billion will be spent on
highway and bridge construction in Minnesota between
1979 and 1985 under a plan proposed by the Minnesota
Department of Transportation. The director of the
transportation development division has said that the
plan would shift the department priorities from build-
ing new highways to "fixing up the ones we have."

3. A Pennsylvania state legislative proposal for
a $2 billion road and bridge program that could cost
motorists $25/year more in gasoline taxes for the
next 12 years was announced by the Southwestern Penn-—
sylvania Reglonal Planning Commission at a press con-
ference in Pittsburgh. The commission chairman de-
clared, "I know people are sick and tired of taxes
and hearing about our roads and bridges. But if we
dou't do someihing now, we might as well close up
southwestern Pennsylvania and suffer the conse-
quences."

4, Arizona state transportation officials have
predicted that there will be a $2.4 billion deficit
in the state highway users trust fund in 20 years,
based on current revenue sources. The transportation
officials presented to state legislative leaders a
report that said, "It is obvious that, without an in-
crease in revenue, Arizona's state, county, and city
highways and streets will further deteriorate due to
lack of maintenance and pavement preservation."

5. The Delaware Secretary of Transportation has
sald that gasoline tax revenues for highway improve-
ments are needed to help keep the state from falling
further behind on maklng road repairs estimated to
cost $211 million. Attempting to have 2 cents of the
gasoline tax designated for highway use, the secretary
said that his office '"is filled every week with re-
quests from citizens, legislators, and personnel in
the Delaware Department of Tramsportation for funds
to repair and reconstruct roads."

6. More than $29 million worth of Rhode Island
highway improvement projects will go or already have
gone out to contract this year in a burst of construc-

tion that state officials say rivals the "boom times
of freeway building' in the 1960s. The major differ-
ence, however, is that the money now 1s primarily for
road maintenance and improvement, not for new con-
struction. '"The whole direction of road construction
now is toward improving the existing highways," ac-
cording to an assistant to the Rhode Island Transpor-
tation Director.

Despite continued heavy subsidization for capital
expenditures, 1976 marked the first postwar year of
the federal-aid highway program (FAHP) in which capi-
tal outlays for highways were less than half of total
disbursements by all units of government (Figure 2).
With the impending leveling off or decrease in state
highway revenues (at least given the current tax
structure) and the continued inflationary pressures
on state highway department budgets, increasing at-
tention is being given to realigning the provisions
of the federal role in highway finance. Calls for
relaxing the strictures on federal aid for mainte-
nance have become more frequent, as have proposals
for merging the highway trust fund with other trans-
portation funds and general appropriations.

In fact, the Interstate highway trust fund is
scheduled to end in 1979, and its renewal has been a
major focus of the Carter Administration and the sec-
ond session of the 95th U.S. Congress. Complicating
the choices facing the Congress are the changing em-
phases of state highway programs, a series of adminis-
tration and congressional proposals toward some form
of a unified transportation trust fund, components of
the administration's propo