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FOREWORD This report will be of special interest to state transportation planners having 
responsibility for finance studies, energy impact analyses, and/or project pro- 

	

By Staff 	gramming. Four planning techniques are presented, each dealing with a current 

	

Transportation 	problem facing state agencies. How to forecast highway user revenues, how to 

	

Research Board 	determine the effect of alternative levels of bond financing, how to select projects 
for inclusion in a construction program based on an objective evaluation, and how 
to measure energy impacts of various transportation alternatives are questions that 
are addressed by the techniques described herein. Each technique was tested in a 
state transportation agency to determine the amount of time and effort required 
for implementation. A companion document, NCHRP Report 179, contains the 
findings of the first phase of this research and provides a comprehensive analysis 
of statewide planning issues, data requirements, and analysis techniques. The 
research reported herein constitutes the findings of the second phase, concentrating 
on the demonstration and documentation of selected techniques. 

The TRB Conference on Statewide Transportation Planning, held February 
21-24, 1974, identified many research needs as described in TRB Special Report 
146. The conference gave high priority to the identification and development of 
planning techniques that provide quick response to current issues and/or that 
provide a less detailed level of analysis than the more traditional time-consuming, 
costly planning activities. Sketch planning techniques will not replace traditional 
planning methods; rather, there is a continuing need for both types of techniques, 
depending on the required level of detail and available time for response. Limited 
planning funds, reductions in planning staffs, and the need for timely assessment 
of transportation alternatives highlight the need for sketch planning tools. NCHRP 
Project 8-18 was initiated to meet this need. 

Following a comprehensive review of existing sketch planning techniques in 
Phase I (see NCHRP Report 179), four of the most promising in terms of wide 
application and critical need were selected for demonstration and documentation in 
Phase II. The results of Phase II are reported herein. 

The Highway User Revenue Model (HURM) and the Short-Range Capital 
Resource Availability Model (SCRAM) are simple computer techniques designed 
to provide insights into the potential impacts of alternative finance strategies. Their 
previous use by the Maryland Department of Transportation suggested the possi-
bility of wider applications in other states. During this research, HURM and 
SCRAM were tested by the Kentucky Department of Transportation. Users' 
manuals for both models are included as appendixes, and the computer programs 
are available from NCHRP. 

The Energy Impacts of Transportation Actions (EITA) technique, originally 
developed by the Federal Energy Administration, was tested by the Georgia Depart- 



ment of Transportation to assess the potential impact of increased use of carpools, 
vanpools, and public transit. A users' manual is included as Appendix D for 
applying the techniques in other states. 

The Priority Programming System (PPS) was developed by the Ontario 
Ministry of Transportation and Communications to assign priorities to planned 
highway projects. A considerable effort is required to employ this technique; how-
ever, after installation it can provide a sketch planning type capability, such as to 
assess the impact on project selection resulting from a reduced budget. The PPS 
computer model was installed and tested by the Maryland Department of Trans-
portation as part of this research. The development of a self-contained users' 
manual was beyond the resources of this project because of the program's size and 
the inclusion of proprietary software. However, the guide included as Appendix C 
does provide enough information for potential users to determine the capabilities 
and usefulness of the technique. A copy of the computer program is available from 
NCHRP. Prior to installing the PPS, users should obtain a set of current program 
documentation from the original developers. 

Planning Environment International, A Division of Alan M. Voorhees and 
Associates, Inc., conducted both phases of this research effort in association with 
System Design Concepts, Inc. 
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EVALUATING OPTIONS IN 
STATEWIDE TRANSPORTATION 

PLANNING/PROGRAMMING 
TECHNIQUES AND APPLICATIONS 

SUMMARY 	This report presents the results of work performed during Phase II of NCHRP 
Project 8-18 entitled "Techniques for Evaluating Options in Statewide Transporta-
tion Planning/Programming." The general objective of this research was to 
provide transportation planning methodologies that would be policy-sensitive, 
allowing the testing and evaluation of options in a fashion that would produce 
timely results for decision-making. 

During Phase I of this research project, the following tasks were performed: 

Identify and classify major transportation issues facing decision-makers 
at the statewide level. 

Identify and categorize data and methodologies available to meet the needs 
of decision-makers in addressing transportation issues identified in Task 1. 

Evaluate and document methodologies most likely to provide early 
usefulness. 

Develop a study design for Phase II testing of several high-priority 
methodologies in states willing to participate and commit resQurces. 

The results of Phase I are documented in NCHRP Report 179 in which 142 
techniques for providing information to address issues at the statewide level were 
identified and described. These techniques were screened as candidates for Phase 
II testing on the basis of such considerations as the need for research in different 
subject areas, usefulness of information produced, cost of implementing and 
applying techniques, technical difficulty, and the willingness of states to sponsor 
field tests. The initial list was narrowed to 21 possible Phase 11 projects, from 
which the following four were ultimately selected: 

Techniques for analysis of Energy Impacts of Transportation Actions 
(EITA), tested in Georgia. 

The Highway User Revenue Model (HURM), tested in Kentucky. 
The Short-Range Capital Resource Availability Model (SCRAM), tested 

in Kentucky. 
The Priority Programming System (PPS), tested in Maryland. 

The other 17 projects, described briefly in Chapter Four, are all good can-
didates for future NCHRP research. 

The Phase II study design for each of the four projects included the 
following: 

Development of a draft procedural manual for test application of the 
selected techniques. 

Field testing of the draft procedural manual. 
Documentation of the results of the testing and revision of the manual. 
Identification and evaluation of deficiencies in the selected techniques and 

suggestions for revised methodologies where appropriate. 
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Products of Phase II research presented in this report include: 

Manuals for HURM, SCRAM, and EITA, which contain all the necessary 
documentation for a state to install and apply these techniques. 

A guide for application of the PPS. 
A description of the sample application of each of the four techniques and 

an appraisal of their usefulness. 
A discussion of possible research projects to refine the four techniques or 

to broaden the scope of the technique. 

The remainder of this summary contains a brief description of each technique. 
The Highway User Revenue Model (HURM) forecasts the highway user 

revenues of registration fees, gasoline tax collections, and excise tax collections. 
Designed to aid in the preparation of short-run forecasts, it projects highway user 
revenues based on real-world influences, such as unemployment and auto-fuel 
efficiency. It is also a relatively inexpensive means of assessing the sensitivity of 
highway user revenues to changes in the economy and in the auto transportation 
system. The model can be easily modified to reflect the collection system for high-
way user revenues in a specific state. Although including all of the known 
important determinants of these classes of highway user revenues, the model 
functions in a straightforward manner that is relatively easy to comprehend. 
During the calculation of the revenue forecasts, several other variables are esti-
mated that may be of use to state transportation and energy agencies. These 
variables include statewide vehicle-miles of travel, fleet size, new car sales, the 
over-all fuel consumption rate for the fleet of new cars sold, and the over-all fuel 
consumption rate for the entire fleet of cars on the road. 

The Short-Range Capital Resource Availability Model (SCRAM) is a 
computer-based technique for analyzing bond program options. SCRAM can be 
used to determine the value of future bond sales (on a year-by-year basis) to 
achieve different user-specified objectives under a variety of financial assumptions. 
In determining future bond sales, SCRAM can take the following relationships 
into account: 

The basic balance sheet relationship between revenues and expenditures. 
The relationship between bond issuance and future ability to meet debt 

service payments. 

The relationship between investment income and funds (e.g., sinking 
funds, cash balance forward), which are available to earn interest. 

Minimum cash balance, sinking fund, and coverage requirements. 

The program printout is a concise, comprehensive financial statement 
and is a useful reference for financial planning of various levels of capital and 
operating expenditures. 

The Priority Programming System (PPS) is a computer-based technique to 
assist states in the determination of user benefits and costs and a schedule for 
transportation improvements so that total benefits accrued would be a maximum 
for a given time stream of budget constraints. Specific functions performed by the 
PPS include the following: 

Given estimates of traffic characteristics and physical conditions before 
and after a proposed improvement is implemented, the PPS will project (future) 
time streams of user benefits of the improvement as a function of when implemen-
tation occurs. 

Given estimates of the cost of implementation, the PPS will estimate the 
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ratio of user benefits to project costs, in terms of constant dollars, as a function of 

when implementation occurs. 
3. Given estimates of annual budgets, the PPS will recommend the timing of 

implementation for each one of a set of proposed alternatives so that total user 
benefits are maximized. Constraints on interrelationships of projects, distribution 
of funds among program or geographic area, and time required for implementation 
may be incorporated in this optimization. 

4. For each of these analytical functions, the PPS will provide a variety of 
tabular and graphical reports 'that may be used as aids in decision-making. 

The Energy Impacts of Transportation Actions (EITA) involves a 7-step 
procedure for assessing the travel and energy consumption impacts of program 
measures to promote use of carpools, vanpools, and public transit. The EITA 
is a complete manual procedure and can be applied with a pocket or desk 
calculator. 

The EITA manual includes techniques for: 

Establishing baseline travel patterns at the corridor, subarea, or regional 
level. 

Estimating changes in work trip modes shares associated with measures to 
promote increased use of carpools, vanpools, and public transit. 

Estimating associated changes in VMT, auto occupancy, and other travel-
related variables. 

Estimating associated changes in energy consumption. 

The EITA manual was developed primarily as an aid to the transportation 
planner in analyzing state energy conservation plans as required by the 1975 
Energy Policy and Conservation Act. However, the predictions of changes in 
travel patterns produced by EITA may also be useful as inputs to sketch planning 
procedures for assessing social, economic, and environmental impacts. 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

PROBLEM STATEMENT 

Statewide transportation planning and programming is 
evolving rapidly, reflecting the major changes that are tak-
ing place in both the organizational framework and the 
nature of issues that are being faced by states. 

The characteristics of plans and programs at the state 
level are extremely diverse. They vary widely in terms of 
how they are formulated (level of detail and comprehen-
siveness of the evaluation process), timing of the process 
(frequency of updating and length of forecast or planning 
period), and range of programs included. 

The statewide transportation planning and programming 
process and methodology must have the flexibility to ac-
commodate this diversity. Techniques are needed that are  

practical tools and that provide quick responses, without 
necessarily providing the detail or level of accuracy that 
have typically been required in plan and program evalua-
tion in the past. 

Many of the techniques used in statewide transportation 
planning and programming have been borrowed directly 
from urban transportation planning, from highway-needs 
studies, or from project planning. Often these techniques 
are inappropriate conceptually, are too demanding of time 
and data, or are not flexible enough to deal with the 
broader range of options being considered. Newer tech-
niques that have been substituted, on the other hand, 
frequently suffer from insufficient conceptual development, 
lack of validation, or incompleteness either in terms of 
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the system effects considered or in terms of data needed to 
effectively use the techniques. 

When suitable techniques are available, they often have 
not been adequately documented for use by other states. 
Little previous effort has been devoted to explaining and 
demonstrating how new techniques can be used to address 
a range of critical, contemporary, statewide policy 
questions. 

In most states, unfortunately, there is no comprehensive 
work program for overcoming these shortcomings—for 
putting the state's resources to work developing and 
applying needed techniques. 

RESEARCH OBJECTIVES 

The objective of this research is to provide transporta-
tion planning methodologies that will be policy-sensitive 
and that will facilitate the testing and evaluation of options 
in a manner that will iiroduce timely results for decision-
making. The focus is on reasonable cost, sketch-planning-
type techniques applicable to important issues in statewide 
transportation planning and programming. (Sketch plan-
ning techniques are defined as tools that can provide ap-
proximate measures of impacts and comparative evaluation 
of alternative transportation plans and programs quickly 
and inexpensively, using commonly available data.) 

SCOPE OF STUDY 

To meet the objectives of this project, the research was 
conducted in two phases. Phase I (NCHRP Report 179) 
included the following tasks: 

Task i-i—Identify and classify major transportation 
issues facing decision-makers at the statewide level. 

Task 1-2—Identify and categorize data and method-
ologies to meet the needs identified in Task I-i. 

Task 1-3—Evaluate and document methodologies 
most likely to provide early usefulness. 

Task 1-4—Develop a study design to test high-
priority methodologies. 

In Phase II of the study, reported in this document, the 
tasks were as follows: 

Task lI-i—Develop a draft procedural manual for 
test application of the techniques identified in Phase I. 

Task 11-2--Conduct the testing in the approved study 
design developed in Task 1-4. The techniques to be tested 
in Phase II were to be capable of being applied as follows: 

Under varying institutional arrangements; 
By different skill levels; 
To different audiences; 
Usingvarying available resources; 
Addressing urban, rural, and interstate issues; and 
With attention to the hierarchal nature of Federal, 
State, and local programs. 

In addition, maximum use was to be made of existing 
techniques, and the materials developed were to be suitable 
for possible use in workshops and courses. 

Task 11-3—Document the results of the testing and 
revise manuals developed in Task 11-2. 

Task 11-4—Based on experience gained in Task 11-2, 
and deficiencies recognized in Phase I, Task 3, evaluate the 
importance of the deficiencies and suggest new methodolo-
gies where appropriate. 

BACKGROUND 

Figure 1 summarizes the general framework for iden-
tifying and resolving state-level transportation issues. This 
diagram attempts to portray all of the basic steps that 
should ideally be involved in all major transportation 
decision processes, whether they be part of an annual 
planning and programming process or the result of par-
ticular problems that arise in an unscheduled manner 
(see Step I of Fig. 1). Before a decision can be made, 
certain information is needed by decision-makers for 
addressing the issues (see Step V of Fig. 1). Techniques 
are needed to provide the information to assist in evaluation 
prior to resolution of the issues (see Step III of Fig. 1). 

A sound understanding of the major issues facing 
decision-makers at the state level is essential to achieve the 
general objective of this research; namely, providing trans-
portation planning methodologies that will be policy-
sensitive and allow the testing and evaluation of options in a 
way that will produce timely results for decision-making. 
For this purpose, more than 100 interviews were conducted 
to obtain the views and experience of a wide variety of 
knowledgeable people regarding the transportation issues 
facing the states and the role that information and tech-
niques actually play in decisions relating to these issues. 

As a first step in attempting to generalize across states, 
issues identified for individual states were sorted into like 
groups. The list of issues fell rather naturally into 11 issue 
areas-7 issue areas are generally multimodal and 4 areas 
are mode-specific. Following is the list of issue areas, 
together with an indication of the actions that might result 
from decisions in each issue area: 

Revenue shortfall—Undertake  actions by states to 
cope with current or projected declines in revenues and/or 
increasing costs. 

Development of multi,nodal transportation policies, 
plans, and programs—Recommend policy changes, multi-
modal plan or program approval; delete or add elements 
to existing plans and programs. 

Organization and management—Specify responsibili-
ties of units within Departments of Transportation; prepare 
or revise work schedules; coordinate activities of various 
units; obtain greater productivity in project planning. 

Coordination with other state and regional programs—
Specify the responsibilities of Departments of Transporta-
tion and other state and regional agencies in overlapping 
areas; undertake actions that are synergistic or, at least, not 
counterproductive. 

Development of energy policy, plan, and program—
Undertake actions to reduce direct and indirect consump-
tion of energy by transportation or to develop energy 
resources. 

Relationship between transportation improvements 
and developments—Initiate transportation-related actions 
to promote or control development; initiate joint transporta-
tion/development actions. 



Figure 1. Framework for identifying  and resolving state-level transportation issues. Source: NCHRP Report 179. 

Major corridor improvements—Conduct studies in 
which alternative major transportation improvements are to 
be developed and evaluated; prepare implementation 
program. 

Cost effectiveness in highway standards and main-
tenance—Establish a policy on the standards to which 
various types of highways will be built and maintained; 
perform project improvements in a manner closely tailored 
to the specific problem; revise standards to reflect slower  

growth, more limited funding, and high costs of achieving 
uniformly high standards; apply construction funds to 
modest-scale reconstruction where appropriate. 

Improvement/abandonment of rail service—Deter-
mine action to take for individual lines; determine other 
actions to ensure feasibility of rail plan and to ameliorate 
possible adverse impacts. 

Funding of transit services and improvements—
Establish general policy on amount and distribution of 
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funds and/or ad hoc decisions on funding individual 
transit operations and improvements. 

11. Airport capital improvements—Establish general 
policy on amount and distribution of funds and possible 
environmental controls and standards and/or ad hoc deci-
sions on these matters in relation to individual airports; 
define state role and responsibility. 

The foregoing list is not intended as a comprehensive 
statement of all the issue areas in which transportation 
decisions are made. Rather, it is the product of an attempt 
to identify those areas in which information needs are 
most critical because of the importance of the decisions and 
the lack of generally established techniques for developing 
needed information. 

Figure 2 shows the information judged to be most im-
portant in addressing the major issues in each state. In 
some cases, states already develop, or have initiated studies 
to develop, the information. In other cases, states have 
identified the need, but have no work plans for this purpose. 
By looking down the column for each issue area, one can 
see the type of information that is useful in making deci-
sions in the issue area. The column also shows the extent 
to which the states share the need for particular types of 
information. The fact that less than 25 percent of the 
boxes in Figure 2 are empty indicates that states face com-
mon problems, many of them relatively new areas for which 
planning resources (data and methods) have not yet been 
developed. 

In selecting experiences from individual states to present 
for each issue area, an attempt was made to focus on 
specific decisions that states made in the recent past or 
will have to make in the near future. A number of examples 
are cited where states found individual techniques to be 
particularly useful in guiding decisions. Also cited are 
instances where states perceive a need for information to 
guide decisions, but the techniques necessary to generate 
this information are not currently available to them. 

Figure 2 also shows that a large proportion of the states' 
information needs can be attributed to very few events or 
actions, as for example: 

With respect to revenue shortfall, costs have been 
increasing at a faster rate than the revenues available for 
project implementation. 

New Federal requirements for the development of 
metropolitan area transportation improvement programs. 

Delays in expediting individual projects due to envi-
ronmental impact procedures. 

Increased concern for the mobility needs of those 
who are transit-dependent. 

Federal requirements for state aviation system plan-
ning as a precondition for airport improvement grants. 

The Regional Rail Reorganization Act of 1973 that 
required state rail plans as a precondition for Federal 
operating subsidies. 

The Energy Policy and Conservation Act that requires 
state energy conservation plans as a precondition for 
Federal Energy Administration (FEA) grants to aid in 
implementing energy conservation actions. 

In Phase I, the major transportation issues and their 
information needs were identified. Techniques available to 
address these information needs were also identified and 
evaluated. Study designs were developed to test the high-
priority techniques in selected states with the aid of pro-
cedural manuals to be developed during Phase II of this 
study. 

A two-pronged approach was taken to identify major 
state level issues and the techniques to resolve them. An 
extensive body of literature was reviewed. The knowledge 
gained from this "static" source was then supplemented by 
field interviews of those persons currently active in state-
wide transportation planning and programming. The 
basic products obtained through this approach include an 
annotated bibliography of all reviewed literature; a list of 
about 75 specific major issues; a description of 142 tech-
niques for providing information to address these issues, 
ranging from fully operational techniques that have been 
applied in one or more states to techniques from the litera-
ture that have not yet been field tested; and a list of gen-
erally available data items and their sources. 

The list of issues was sorted into 11 major issue areas 
within which states make key transportation decisions. 
These 11 issue areas have been noted previously. 

The information judged to be most important in ad-
dressing the 11 major issue areas was grouped into 7 
types of impacts: environmental, social, economic, travel, 
development, 	legal/ administrative/ institutional/ financial, 
and plan and program evaluation. The same categories of 
impacts were used to classify techniques so that the identi-
fied information needs could be readily related to the 
available techniques. 

The 142 identified techniques are tabulated, as shown in 
Figure 3, by their major field and by the scale and mode 
of application. Many techniques were identified in the 
environmental and travel fields; however, the majority of 
the techniques are applicable at the substate level rather 
than the state level. As expected, techniques applicable to 
the highway mode predominate because of the greater 
amount of focus of planning attention over the past 
several years. 

These techniques were evaluated in terms of their opera-
tionality, the scale and mode of application, the input data 
requirements, the output information, and the resource 
requirements. Data available for input to these techniques 
were identified for each of the seven areas of concern. The 
data items, their sources, and the level of detail at which 
the data are available were also identified. The techniques 
were divided into three groups: high-priority techniques, 
other fully operational techniques, and other useful tech-
niques requiring further development or testing. 

The operational techniques were identified and described 
in a summary form. References for more detailed informa-
tion on each operational technique were cited. The 
techniques requiring further development and testing were 
also identified and described in a summary form. 

The high-priority techniques were identified primarily on 
information needs, with some general consideration being 
given to other criteria such as transferability, probability 



of success, time, and costs required to perform the 
application. 

The high-priority techniques were grouped into potential 
projects that might be undertaken in the Phase II effort. 
These projects would involve the application of one or 
more techniques that provide information to assist in 
resolving state level plan and program issues. Twenty-one 
such projects were identified. Because sufficient funds were 
available to conduct only a small portion of the projects 
identified for Phase II consideration, criteria were devel-
oped to evaluate these projects so that the highest ranking 
ones could be recommended for testing in Phase II. The 
projects undertaken in Phase II and reported in this 
document include the following: 

A manual for a Highway User Revenue Model 
(HURM) to be applied in Kentucky. 

A manual for a Short-Range Capital Resource Avail-
ability Model (SCRAM) to be applied in Kentucky. 

A guide for a Priority Programming System (PPS) to 
be applied in Maryland. 

A manual for Energy Impacts of Transportation 
Actions (EITA) to be applied in Georgia. 

The remainder of the 21 projects reported are good 
candidates for further reseach by NCHRP, Federal, state, 
or other research agencies. 

Phase I results are repoted in NCHRP Report 179 
("Evaluating Options in Statewide Transportation Plan-
ning/Programming—Issues, Techniques, and Their Re-
lationships"). 

RESEARCH APPROACH 

The research approach with respect to the development, 
testing, and application of the three manuals (HURM 
and SCRAM in Kentucky and EITA in Georgia) and 
guide (PPS in Maryland) is discussed in the following. 

HURM and SCRAM Manuals 

Document preliminary models and programs. 
Review preliminary documentation. 
Conduct meeting between consultant and Depart-
ment of Transportation staffs. 
Develop detailed design for Tasks 5, 6, and 7. 
Install SCRAM and HURM on Kentucky Depart-
ment of Transportation computer facilities. 
Apply HURM and SCRAM. 
Conduct technical assessment. 
Conduct assessment of usefulness to decision-
makers. 
Prepare procedural manuals. 
Document field testing. 

PPS Guide 

I. Prepare draft guide.  

Conduct work session at Maryland Department of 
Transportation. 
Assemble and format data. 
Install software at Maryland computer facility. 
Prepare test case. 
Apply PPS to test case. 
Analyze and document test results. 
Review guide with Maryland Department of Trans-
portation. 

EITA Manual 

Prepare draft procedural manual. 
Conduct work sessions at Georgia Department of 
Transportation. 
Assemble and format data. 
Install technique at state. 
Apply techniques. 
Analyze and document test results. 
Revise draft procedural manual. 

REPORT ORGANIZATION 

The first part of this report contains an overview of the 
four techniques and their application. The second part is 
composed of four appendixes including more detailed 
discussions of each technique. This organization provides 
flexibility in disseminating the research results to serve the 
needs of the general transportation planner, as well as 
the user of a particular technique. 

In particular, Chapter Two contains the findings related 
to the development and testing of the Highway User 
Revenue Model (HURM), the Short-Range Capital Re-
source Availability Model (SCRAM), the Priority Pro-
gramming System (PPS), and the Energy Impacts of 
Transportation Actions (EITA). The findings include 
highlights of the structure, the resource requirements 
(labor, computer), and special considerations for each of 
the four techniques. 

Chapter Three discusses the applications, interpretations, 
and appraisal of each of the techniques. Highlighted are 
the application results of HURM and SCRAM in Ken-
tucky, PPS in Maryland, and EITA in Georgia. Implica-
tions of use to other states are noted wherever practical. 

Chapter Four presents the conclusions from the testing of 
the four techniques and suggested research. Included in 
the suggested research are additional testing of sketch 
planning techniques and new methods that should be 
examined further to improve statewide transportation plan-
ning and programming. 

The appendixes, A through D, contain user-oriented 
manuals and a guide that include detailed descriptions of 
each technique, guidelines for assembling input data, in-
stallation and use requirements, specific applications, im-
plications, and additional pertinent information relating 
to the specific techniques. A detailed table of contents is 
presented at the beginning of this report. 



MULTI - MODAL ISSUES 

DEVELOPMENT OF MULTI- ORGANIZATION COORDINATION WITH DEVELOPMENT OF 
REVENUE SHORTFALL MODAL TRANSPORTATION AND OTHER STATE AND ENERGY POLICY, PLAN 

POLICIES, PLNS & PROGS MANAGEMENT REGIONAL PROGRAMS AND PROGRAM 

Must convincingly dem- Simplicity in organiza- Formal review of pur- Some standardization of Need to build credibi- 
onstrate that mobility tion & presentation of pose of all planning jnfotion from all lity in showing how 

CALIFORNIA will suffer, facilities info; need to deal WI activities with empha- reg. p1. programs (e.g. limited the trade-off 
will deteriorate & key wider range of issues sis on use in program- land use, definition of is between transit and 
sectors 	(e.g. 	agric.) (e.g. regulation, more ming. alternatives), auto use. 
will be badly hurt, on low cost alters). 
Benefit assessment in Establish well-founded Annual publication of 
most comprehensive soc- standards, assess bene- schedules in Plan; 

CONNECTICUT jo-economic terms to fits comprehensively & Project Status Review 
compete WI all other integrate W/ other Comm. uses CPM & looks 
programs for gen. re- state and reg. plans. at all factors. 
venues. 
Info, on benefits of Basis to facilitate 
completing planned hwyr consistency in trans- 

A need to reconcile the 

GEORGIA at a f'ster pace than port policies emanating 
factors for priority 

allowed 	r by fuel tax) from various state 
setting among DO'r,state 
budget Office, reg. p1. 

Have to gt'.. general aencies. agency & others con- 
________________ funds from legislature.  cerned.  

Justify change in pri- Focus on trade-off s a- Need info, to guide Improve local input to Determine relative 
orities from elaborate mong modes. 	Develop annual priority pro- state planning & prog.; energy efficiency of 

ILLINOIS new constr. to main. & programs for different gramming and project focus urbanized area modes, possible fuel 
rehab. 	Focus on more funding levels. Develop management, e.g. cash on transport prob.-sol. savings,modal tradeoffs 
cost effect. sol. to criteria for each pro- flow, project status. instead of Fed. req's. Identify state energy 
ransoortation probs. igram category. res. & ensure access. 
Project descriptions, iDept. would like a long Data to justify DOT Need to show state- 
costs and other project range hwy. plan to set priorities in urbanized level requirements and 

KENTUCKY related data areneces-' DrOg. priorities. & areas, benefits in the T.I.P. 
sary for the legisla- meas's of benefits & process to be done by 
ture. Show coal-haul Icsts.to iden. tradeoffs 
road maintenance needs.!amq. imos. to dif. modes - Impacts of not building1  Need criteria and mea- Need closer link bet- Need measures of Impacts of plan ele- 
or Postponing hwy. con' sures of effectiveness ween units that set effectiveness for dif- ments on 	con- ,energy 

LAND struction and of defer-ito develop & evaluate plan priorities and ferent modes to use in sumption 
red maintenance. plan alters and to unit that prepares pro- T.I.P. 	proiens; 	e.g. 

set program priorities. gram. travel, 	1.u., energy, 

INeed 
economic benefits. - techniquen to id- Need better link bet- 

ILl entify tradeoffs bet. , ween hwy. planning and 

MASSACHUSETTS hwy projects in dif- programming. 
ferent parts of the 
state. 

Huge shortfall project-INeed a long range hwy. 
ed for "needed 	impro- plan to set prog. pri- 

MICHIGAN vements to hwys. over jorities. Need measures 
next 20 years; need to lof benefits and costs 
show importance of to make tradeoff among 
needed improvements, modes. 
How to assess the con- 	More planning should Anticipate hurdles to Regional and subregion- 
sequences of not meet- Ifocus on contingencies project implementation al impacts 	(social, 

NEW YORK ing identified needs; 	and how they might be identify social & en- env., econ.) of candi- 
economic effects in 	dealt with rather than vironmental impacts date projects to guide 
particular. 	 focusing on a single 

Ifuture. 
early in planning pro- T.I.P. process. 
cess. 

Show general econ. ben-Have format & process Detailed step-by-step Need state plan info. Uncertainty of nationa) 
efits to stake claim i for policy analysis; procedures to divide for forecasts 	& envir. conditions & effects 

OREGON for use of general rev_j need more certainty on up p1. & prog. func- constraints; need to of policies & trends 
enues; 	need more cost Fed. 	funding; need to tions among units. Use assist others in plan- on revenues. 
effective stds. & cri- igive Leg. more info on CPM for hwy. project making; need input of 
teria for programs. Ishort range pol.&prog. scheduling, locals thru hearings.  
Social, economic and lIdentification & asses- Current approach is to 
environmental impacts sment of intermodal al- keep modes separate, 

PENNSYLVANIA of variations in hwy. iternatives for freight interested in multi- 
funding levels and icurrently moved by rail modal approach for the 
mechanisms. (e.g. truck on flat future. 

' car).  
Continue to develop Uncertainty on resource Have computerized pro- Environmental issues Location & costs of. 
projects which are sup- dcv. projects. Have gd. ject mgt. system which raised on resource access roads to serve 

UTAH ported by legis. to get overall prog. data & provides detailed, up- development projects. resource dcv. projects. 
gen. 	rev.; max. multi- sufficiency ratings.Use to-date status info. Need State Plan guid-- 
year Program benefits, of 	gen. rev, creates at project & program ance. 

uncertainty in funding. levels.  
Show problems associa- Now to evaluate/recom- Not a DOT; need info. Role of transportation Impacts of action al- 
ted w/ reduced funding mend reasonable subsi- on extent to which ac- system in promoting ternatives in respond- 

WEST VIRGINIA levels for hwys. in dies for modes which tions may be synergis- economy, health care, ing to future gasoline 
terms understandable to compete 	(e.g. competi- tic, counterproductive education and tourism, shortages. 
the legislature and lay of pipeline, truck, or neutral in relation 
public, Irail for coal movementU to other modes. I 

Figure 2. Information important to states in addressing major issues. 



MODE - SPECIFIC 	ISSUES 

RELATIONSHIP BETWEEN COST EFFECTIVENESS 
TBANCPORTATION IMPROVE- MRJUI( CUKRLUUI< IN HIGHWAY STANDARDS IMPROVEMENT/ABANDON- FUNDING OF TRANSIT AIRPORT CAPITAL 
MENTS AND DEVELOPMENT IMPROVEMENTS AND MAINTENANCE RENT OF RAIL SERVICE SERVICES & IMPROVEMENTS IMPROVEMENTS 

Auto dependency of most Capital and operating Show limits of what can Complete alternatives Need to define more 
development; dependency costs, capacities, be achieved by low cost analysis for guideway clearly the state's 
of major industries on levels of service 	sys- improvements, pricing, proposals in major ur- role; need to show tha' 
highway mobility, port tern usage, available regulation, etc. ban areas; need for it is less effective t; 
access, etc. financing. Ability to some UMTA funding gui- use state funds for op 

answer questions is ke delines for state. erations & maintenance 
Dependency of industry Rail travel time, Continue to improve ef- Transportation cost Establish well-founded Effectiveness of PRT 
on rail access and re- costs, reliability to fectiveness of project savings; benefit/cost basic level of service at Bradley Internation 
liability, major sources and mar- conception prior to ratio; other economic standards Sensitive to al Airport. 

kets. programming thru Prog. benefits to industries socio-economic needs. 
Concept Team. & communities, 

Need to assess viabi- Environmental, eco- 
lity of transit in nomic & development 
small cities and rural impacts of alt, sites 
areas; need guidelines, for second Atlanta 

airport. 

Assess effects of con- Reassess new freeway Use pavement condition, Develop model for exa- Assess cost-effective- Determine appropriate 
tinued rail service or needs given projected accident rates, traffic mining freight flows in ness of rehab'ing vs. level of involvement of  
abandonment & airport drop in revenues. Iden- geometrics to identify terms which bear upon rebuilding transit str- state vs. local areas 
access/levels of serv. tify possible lower- transportation problems investment decisions! uctures. 	Identify rsgmt. in airport development, 
on local area develop- scale, more cost-el fec- and improvement pro- subsidies, and rural transit needs, funding, setting pri- 
gent potential. tive improvements. lects.  orities. 
Economic importance Long range economic im- Need data on operating 
of coal-haul road pacts of deferred main- costs, basic technology 
maintenance to tenance; revised suf- and overall economics 
mining. ficiency rating system. of railroads moving in 

Kentucky. 

Need data to illustrate Need info, to justify Info, on avoidable costs Need info, to help de- 
coats of not llmAtino dQffLJn aam al 	pwsvidi.'., 	OO,,,,,,wl,,. L,.srninm mpp.uj.o.lmim 
access to primary high dards w/out losing Fed, rail service. 	State level of transit fund- 
ways and benefits of funds. Need priority- feels Penn Central ing for Baltimore & 
doing so, setting technique for over-charging for com- Washington, 

-saintenance projects. muter rail. 
Need info, to justify Need system for moni- Need techniques to de- 
reduced design stan- toring existing rail termine public trans- 
dards. Show importance freight & pass. servic- portation needs & ap- 
of use of Federal aid es. Need techniques to propriate supply in 
for minor reconstruc- forecast rail freight & small urban areas of 
tiOn. nass. movements, state. 

Uncertain about level Need info to determine 
of rail pass. service appropriate transit 
to provide. Effects of supply and funding 
rail pass. improvements level in different 
on highway travel, areas of state. 

Role of transportation Economic and develop- Condition & usage data Primary & secondary im- Revenue & operating Need statewide frame- 
actions as a catalyst ment impacts; indirect for hwy segments and pacts of rail abandon- cost for alt, levels of work for assessing 
for change in under- economic effects such bridges; impacts of ment; effect of rail fare & service; produc- cost effectiveness 
developed or declining as impacts on commodity various level of maint. service improvements on tivity measures; fare/ of improvements in 
areas, prices, expenditure at state ridership. service/income data to various regions. 

level, assess equity.  
See "Coordination with Operating deficits of NW. user costs for See "Major Corridor Show needs of transit Need to define state's 
Other State. and Reg. added rail pass. ser- various design Stan- Improvements", dependent in small 'role; 	need traffic 
Programs". vice, need interCity dards; costs of reconst cities; need better op- counts at uncontrolled 

O-D data for hwy. and in various areas & con- crating cost data for airports. Use demand 
rail demand analysis. ditions. Legal respon- contracting & monitor- forecasts & cost eff. 

______________ srbilitv. ing of demonstrations. index for priorities. 
Impact of actions on Economic, social and Cost to users of not Impacts at community Evaluation of existing Ability to meet demand. 
development and mechan environmental impacts improving road is esti- level; secondary eco- services 	(inc. socio- Impacts on access sys- 
isms for controlling on adjacent and nearby mated for resurfacing & nomic effects; finan- economic characteris- tem, land use, economy, 
land use--particularly areas. reconst. projects to cial effects on rail tics of userse poten- environment, funding 
at hwy intersections aid in determining pri- corporations. tial demand; system re- requirements. 
and airports. ___________________ prities.  cuirements & financing.  
See previous two Route analysis studies. Accident experience, NO issue now, but new Analyze needs of tran- Plan without Program 
comments for Utah. done by planning pro- road condition, traffic Fed. legis. will cause sit dependent; provide is worthless. 	Need to 

vide good general en- & geometrics used to RR's to want help. Need technical assistance work on implementable 
vir, 	info, on alts define problem-specific to define state inter- for rural transit ser- program with legisla- 
prior to project plan- design concepts. est, economic criteria, vices. ture. 
ning. cost analysis methods. 

Transportation related Highway travel demand Need to assess hwy. conomic impacts of Funding availabilities 
impacts of siting plans on weekends, effects of design stds. & main- rail abandonment, and interrelationships 
for health care facili- alt, toll facilities & tenance stds. in eco- among FHWA, UMTA, HEW, 
ties, other state fac- pricing schemes on tra- nomic terms, assess etc. 
ilities, etc. vel demand, revenue & equity of taxes & 

cscio-economic impacts. tolls, 
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Field Number of Scale of Mode of 
Techniques application - Application 

0 
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4, 4, • ..-. 
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.c 0' c -1 
4)  

V 

Ecvironmental 37 3 16 34 13 7 20 6 5 5 3 12 

Social 10 - 3 4 7 510 2 3 3 1 - 
Economic 9 2 8 6 1 - 1 1 2 1 4 3 

Travel 40 2 32 25 4 1 28 10 14 12 12 - 
Development 8 1 4 5 3 - 6 5- 1 - 2 

Pinancial/Legal/ 18 1 16 7 7 6 7 2 6 1 1 3 
Institutional,' 

1 

Administrative 

Plan I Program 20 3 20 14 4 4 16 5 5 4 2 1 
Evaluation 

Total 142 12 11001  97 39 23 88 31 35 27 23 21 

Note: Rows do not add to total since techniques can be applicable to more 
than one scale of application of mode. 

Hgure J. Summary tabulation of available techniques by scale and ,nude of 
application. 

CHAPTER TWO 

FINDINGS 

Each of the four planning and programming techniques 
has been successfully applied with data from a state other 
than where the technique was originally developed. For 
the most part, the techniques were found to be operational 
without major modifications. In those instances where 
efforts to apply the techniques revealed a need for modifica-
tions before successful application could be achieved (e.g., 
some of the regression equation relationships had to be 
changed for the original Highway User Revenue Model), 
changes were made within the general framework of the 
original techniques with a modest amount of additional 
analysis, so that the operational nature of each of the 
techniques could be in a different setting. 

More importantly, each of the four techniques has been 
found to be useful in addressing issues of importance in 
statewide planning and programming. Figure 4 shows the 
relevance of these four techniques in providing informa-
tion that should be useful in helping to resolve issues. The 
issues listed in the figure include most of those that were  

found to be of greatest current concern in planning and 
programming in a recent survey of 14 representative 
states by the project research team (see Fig. 2 in this 
report, and also Fig. 3 of NCHRP Report 179—the only 
issue areas of NCFIRP Report 179 not covered in some 
significant way by the four techniques are the major 
multimodal issue areas of "Relationship Between Trans-
portation Improvements and Development" and "Orga-
nization and Management"; and other single-mode issue 
areas in rail, aviation, and transit). 

The revenue shortfall issue, for example, is addressed 
by HURM by providing short-range forecasts of revenues 
based on a wide range of assumptions that can readily be 
evaluated, including general economic conditions, user 
tax rates, automobile fuel efficiency standards, and other 
factors affecting these revenues. 

SCRAM can be helpful in addressing the revenue short-
fall issue in a different way: it can be used to plan a 
prospective bond financing program in a most efficient 
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manner based on different criteria regarding projected 
future revenue streams, and capital and operating fund 
requirements. 

PPS can address the same basic issue area in a third way: 
it can show the most efficient multiyear, multiproject pro-
gramming schedule from a benefit-cost standpoint, and it 
can show the marginal benefits that can be realized by 
increasing budget constraints in any of the years. 

The fourth technique, EITA, is somewhat less directly 
relevant in the revenue shortfall issue area. EITA's primary 
focus is on the energy conservation potential of a variety 
of traffic management and other actions that can influence 
modal shifts; however, all such actions have potential 
consequences in terms of highway user revenues if imple-
mented on a major scale—the technique provides the type 
of data that can be directly converted into estimates of 
such impacts. 

A more complete description of how these techniques 
can be useful in all of the issue areas is contained in the 
following discussion of findings for each of the four 
techniques. 

HIGHWAY USER REVENUE MODEL 

HURM is a computer-based procedure for forecasting 
three basic types of highway user revenues: (a) motor 
vehicle registration fees, (h) motor vehicle fuel tax col-
lections, and (c) motor vehicle excise tax collections. 

Two versions of HURM are described in Appendix A. 
One version was developed and calibrated for Maryland 
by the Maryland Department of Transportation. (Re-
cently, Maryland DOT made revisions to the original 
version of HURM, which was developed and calibrated for 
use in Maryland. This effort was completed too late to be 
fully incorporated in the manual, although important 
changes are discussed. Unless otherwise indicated, all 
comments on the Maryland version of HURM refer to the 
original Maryland model.) Another version has been 
developed and calibrated for Kentucky. An initial attempt 
was made to calibrate HURM for Kentucky using the 
precise structure of the Maryland model. However, it was 
necessary to reformulate some of the Maryland equations 
because their calibration with Kentucky data proved to be 
unacceptable for reasons discussed later. The reformu-
lated model was then applied in Kentucky to produce 
forecasts resulting from several different sets of possible 
economic and energy conditions. 

HURM forecasts automobile ownership and use char-
acteristics along with the three types of highway user 
revenue collections for each year in the analysis period 
(see Table I). The automobile ownership and use char-
acteristics include the number of new cars sold; the number 
of cars in the fleet; the new car sales, weighted miles per 
gallon; the fleet-miles per gallon; and the total vehicle-
miles traveled. 

The number of new cars sold is calculated as a function 
of the state of the economy and the existing number of 
cars per capita—where the state of the economy is 
described by the level of disposable income, the inflation 
rate, and the unemployment rate. This equation worked 
well in explaining new car sales in both Maryland and 

ISSUES HURM SCRAM PPS EITA 

Revenue Shortfall 0 0 S 0 

Development of Multi- 
Modal Transportation 0 0 S 
Policies, Plans and 
Programs 

Coordination with 
Other State and 0 0 0 
Regional Programs 

Dave lopment of Energy 
Policy, Plan and 0 S 
Program 

Major Corridor 
Improvements 

Cost Effectiveness 
in Highway Standards 
and Maintenance 

Legend: S Directly addressed by the technique 

0 Indirectly addressed 

HURM: Highway User Revenue Model 

SCRAM: Short-Range Capital Resource Availability 
Model 

PPS: Priority Programming System 

EITA: Energy Impacts of Transportation Actions 

Figure 4. Relationship of techniques to major statewide issues. 

Kentucky (R2, for this equation, estimated with data about 
Kentucky was 0.92). 

The number of new cars sold in a given year is added to 
the existing car stock to determine the total size of the 
fleet. The number of autos in the fleet is adjusted each 
year to account for the cars retired during the past year by 
use of a scrappage rate. The scrappage rate employed in 
the model is a constant, calculated fom historic rates. 
Although more complex methods of deriving scrappage 
rates have been used (e.g., expressing them as a function of 
economic conditions, as discussed in D. J. Kulash, "Fore-
casting Long-Run Automobile Demand," TRB Special 
Report 169, 1975, pp.  14-19), appropriate results for the 
total size of the fleet in Maryland and Kentucky were 
obtained using a constant scrappage rate. 

The fuel efficiency of the new cars sold in a given year 
has been related to the price per gallon of gasoline in the 
preceding year, real disposable income, and technical 
measures of auto efficiency. The model subsequently 
checks the calculated value of the new car sales, weighted 
miles per gallon against the fuel efficiency standard if the 
user has elected to supply one. If it does not meet or 
exceed the user-specified standard, it will be set equal to 
the standard. During the field test in Kentucky, it was 
found that the auto fuel efficiency index used in Maryland 
was exceedingly difficult to estimate. An alternative form 
of the regression equation was employed; it included fuel 
price and real disposable income. This provided reason-
able estimates of yearly new car sales, weighted miles per 
gallon for Kentucky (R2, for this equation, was 0.83). 

The average fleet fuel efficiency is calculated from the 
passenger car stock and the weighted fleet-miles per gallon. 
The scrappage rate and a vehicle-miles of travel adjustment 
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TABLE 1 

COMPONENTS, INPUTS, AND OUTPUTS OF HURM 

Outputs For Each Year In 

Auto Ownership 	Passenger Car Stock Per Capita 	New Car Sales 
and Use 	 Real Disposable Income 

Unemployment Rate 

Number of Cars in the Fleet, in 	Number of Cars in the 
Preceding Year 	 Fleet 

Scrappage Rate 
New Car Sales 

Real Gas Price in Preceding Year 	New Car Sales Weighted 
Real Disposable Income 	 Miles Per Gallon 

Weighted Fleet Miles Per Gallon 	Average Fleet Miles Per 
Passenger Car Stock 	 Gallon 

Cost of Travel!" 	 Vehicle Miles of Travel 
Unemployment Rate 
Real Disposable Income 

Highway User 	Vehicle Miles of Travel 	 Motor Fuel Tax Collec- 
Revenue 	 Fleet Miles Per Gallon 	 tions by Calendar 
Collections 	Gasoline Tax Rate 	 Year and Fiscal Year 

Average 1uto Regiotration Fee 	 Rogietration Foe Colloc- 
Per Auto 	 tions by Calendar 

Average Truck Registration Fee 	 Year and Fiscal Year 
Per Auto2! 

Number of Vehicles in Fleet 

New Car Sales 	 Excise Tax Collections 
Real Disposable Income 	 by Calendar Year and 

Fiscal Year 

In the Kentucky Field test version, the cost of travel variable was divided 
into its two component parts: time cost of travel and real gasoline price per mile. 
The revised HURM uses only the cost of travel and dropped the time cost factor. 

V This variable was not included in the Maryland model. MDOT has since split 
truck registration fees and truck diesel fuel consumption. 

factor are used to model the effect on fleet-miles per gallon 
of the number and relative use of cars having different fuel 
consumption rates. This methodology worked satisfac-
torily to calculate the average fleet-miles per gallon in both 
Maryland and Kentucky. 

Vehicle-miles of travel per capita is calculated as a 
function of real disposable income, the unemployment rate, 
and the cost of travel. During the calibration process for 
the Kentucky test, the cost of travel variable was separated 
into its component parts: the time cost of travel and the 
monetary cost of operating an automobile. This alterna-
tive formulation of the equation projected VMT in Ken-
tucky in a reasonable fashion (R, for this equation, esti-
mated with data for Kentucky was 0.99). 

Motor fuel tax collections are calculated from the fuel 
tax rate and the amount of fuel consumed. The amount of 
fuel consumed is computed from the number of vehicle- 

miles traveled and the fleet-miles per gallon. This formula-
tion worked well in both Maryland and Kentucky. 

Registration fee collections are calculated on a basis of 
a constant average fee per vehicle and the number of 
vehicles in the fleet. In the Maryland model, a constant 
factor was applied to collections from autos in order to 
estimate total collections from all vehicles. However, 
because on a national level, truck registrations have been 
growing at a rate three times that for autos, the Kentucky 
model was modified to allow for different auto and truck 
growth rates. 

As programmed in the Maryland model, excise tax 
payments are equal to some fixed percentage of the pur-
chase price of the vehicle. In order to avoid forecasting 
automobile purchase prices, vehicle weight was assumed 
to be proportional to the purchase price, and a regression 
equation using vehicle weights was used to estimate excise 
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tax collections. However, during the field test in Kentucky, 
it was found that this formulation did not predict excise 
tax collections in a realistic manner. An alternative formu-
lation was hypothesized and employed; excise tax collec-
tions in Kentucky are dependent on the number of new 
cars sold and the level of disposable income (R2, for this 
equation, estimated with data for Kentucky was 0.92). 

HURM is a very useful technique for providing short-run 
forecasts of the types of highway user revenues covered by 
the model. As long as the categories of highway user 
revenues in a state are amenable to being treated as one of 
the three types specified by Maryland, the model will be 
simple to implement. The model can be reformulated but 
is not currently able to forecast revenues from ad valorem 
gasoline taxes or taxes on vehicle-miles traveled. 

The model was found to be extremely easy to use for 
analyzing a number of alternative short-run scenarios. 
Once the data describing the alternative economic and 
energy conditions had been decided upon and the model 
calibrated and installed, no particular expertise was re-
quired to obtain a large number of alternative projections 
from a variety of policy and economic assumptions. 

The HURM program does not necessarily include trucks. 
As trucks use the highway system and are taxed in a 
manner similar to passenger cars, the effects of trucks can 
be captured by the use of appropriate definitions of 
variables in the model. As truck use is becoming a larger 
portion of total highway usage, the characteristics of truck 
ownership and use will attain more importance in the whole 
picture. Unfortunately, as presently formulated, the model 
does not deal as directly with truck ownership and use 
relationships as it does for automobiles. 

The HURM program is a simple economic model, com-
posed of a series of individual equations, that can be 
understood and employed with no extensive training of 
personnel. (Alternative, more complex formulations can 
be developed that formally account for the interrelation-
ships among the several equations in the calibration process. 
However, benefits in terms of accuracy that could be 
obtained from such statistical techniques probably are not 
worth the additional demands on the analyst in the cali-
bration process in terms of both knowledge of econometrics 
and the need for specialized computer programs for multi-
equation parameter estimation.) 

HURM is best suited for displaying the results on high-
way user revenue collections of changes in the underlying 
economic and energy conditions. As a predictive model, 
the accuracy of the projections it calculates is limited by the 
accuracy of the projections of economic and energy con-
ditions used as inputs. However, the model an be easily 
employed to look at a variety of economic and energy 
assumptions. Comparisons among the alternative forecasts 
so obtained aid in comprehension of the relative effects of 
the forces that affect revenue collections. 

Table 2 gives the labor and computer requirements for 
calibrating and installing HURM in Kentucky. The total 
amount of time spent on the calibration process was large 
because of the need to locate data sources before the data 
could be amassed and because of needed revisions to the 
form of the model equations. The data sources are now 
listed in Appendix A, and, as long as the basic form of 

TABLE 2 

ESTIMATES OF COSTS ENTAILED IN KENTUCKY 
FIELD TEST OF HURM 

Calibration 
Requirements 

Inctailation 
Requirements 

Labor 	(In Person Hours) 

Assembling Data 40 40 

Keypunching 5 5 

Programming 40 40 

Analyzing Results 40 0 

Total 125 85 

Computer Usage 	1 
(Per Job Average)— 

Program Package SAS WATFIV 

# Cards Read In 75 600 	- 

# Lines printed 350 800 

Core 	(bytes required) 384K 332K 

CPU Time 	(seconds) 10 5 

Total Computer Costs '  $33. $69. 

1/ - The computer utilized in the field test is 

an IBM 370/145 with MFT. 

The charging algorithm is: JOB COST = 

($.25 + $.06 x CPU seconds + $.0004 x lines printed 

+ $.0004 x cards read) x 1.35. 

the model equations is not radically changed, much less 
time should be required. Aside from the time required 
by an economist (or other professional of similar training) 
to validate the regression estimates, the remainder of the 
work can be performed by nonprofessional personnel. 

Once the HURM program has been calibrated and 
installed at a computer system, it is very inexpensive and 
simple to use for analyzing a large number of alternatives. 
During the field test with Kentucky data, it took the 
computer 3.5 sec to compile the program and only 0.66 sec 
to run each projection. A research assistant with only the 
manual (Appendix A) as a guide was able to prepare the 
data, keypunch the numbers, and run the computer pro-
gram to calculate six alternative projections in less than 
half a day. 

SHORT-RANGE CAPITAL RESOURCE 

AVAILABILITY MODEL 

SCRAM is a computer-based linear programming tech-
nique for analyzing bond program options under different 
assumptions about future revenue and expenditure levels. 

SCRAM has four modes of operation and all four of the 
modes determine bond sales subject to specific financial 
constraints and assumed future financial conditions. Each 
of the modes is briefly explained as follows: 

1. Bond estimation—In this mode of operation, SCRAM 
calculates the value of bonds that must be issued each year 
of the analysis period to satisfy specified levels of revenue, 
and capital and operating expenditures. 
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Minimization of revenue requirements—In this mode 
of operation, SCRAM determines the value of bonds that 
must be issued each year to minimize revenue requirements 
during the entire analysis period, while meeting specified 
capital and operating requirements. 

Maximization of operating expenditures—In this 
mode, SCRAM determines the value of bonds that must be 
issued in each year in order to maximize operating expendi-
tures over a specified analysis period, subject to specified 
revenue levels and capital expenditures. 

Maximization of capital expenditures—Similarly, 
SCRAM calculates the value of bonds that must be issued 
each year to maximize capital expenditures during the 
entire analysis period, subject to assumed revenue levels and 
operating expenditures. 

SCRAM is comprised of several components, as described 
in Table 3. The first and most important of the components 
that comprise SCRAM is the basic balance sheet relation-
ship. In any given year, revenues from Federal-aid, bond 
proceeds, investment income, and the balance brought 
forward from the previous year must equal capital and 
operating expenditures, payments made to sinking funds 
for bonds issued before and during the analysis period to 
ensure their future repayment and the balance brought 
forward to the following year. In the bond estimation 
mode, this relationship is used to calculate the value of 
bonds that must be issued to set income equal to expendi-
tures when expenditures exceed income. When income 
exceeds expenditures in this mode, the "excess" income is 
simply carried forward into the following year. 

The second and third components, current coverage and 
future coverage, specify the coverage of future debt service 
payments; that is, the ability to make these future payments 
expressed as a function of current resources and future 
obligations. In the bond estimation mode, these com-
ponents are used to calculate the coverage of debt service 
resulting from satisfying the first relationship: income 
equaling expenditures. 

Two definitions worth noting are those for investment 
income and new debt service payment schedules. The 
investment income component defines the sources and 
quantifies the amount of funds available for investment. 
The debt service payment schedule determines the total 
debt service payment, principal and interest, for each year 
of each bond issue and specifies it as a function of the bond 
proceeds. 

In each of the optimization modes (revenue minimiza-
tion, capital expenditure maximization, and operating ex-
penditure maximization), SCRAM uses the constraints 
cited in Table 3 to solve linear programs. In these modes, 
income must equal expenditures as in the bond estimation 
mode, but the coverage requirements are used to restrict 
bond sales so as to ensure their future repayment. 

The current version of SCRAM incorporates specific 
assumptions regarding when payments must be made into 
sinking funds, the nature of debt service coverage require-
ments, when interest payments are to be made, and what 
funds are available to earn investment income. These 
assumptions are detailed in the manual in Appendix B. 
Before deciding whether to obtain and use SCRAM, a  

state should review these assumptions and compare them 
with its own financial constraints and requirements. How-
ever, SCRAM can still be a valuable asset even if model 
assumptions do not match perfectly with state financial 
constraints and limitations, because the differences may be 
of limited consequence when analyzing changes in revenues 
or expenditures in approximate terms, as opposed to fore-
casting the actual value of bonds that should be issued. 

The assumptions incorporated in the model reflect im-
portant considerations that must be addressed in analyzing 
debt finance, even though they may not be represented 
adequately for all purposes; for example: 

The sinking fund requirements establi'sh, in some 
respects, reserves to meet future debt service payments. 

The coverage requirements constrain future debt 
service payments based on the ability to make such 
payments. 

Interest payments must be paid although the schedule 
may be different. 

Investment income may not accrue from the same 
sources, but it is likely that investment income accrues 
in a somewhat similar fashion. 

The major advantage of SCRAM is that it is not a heavily 
labor-intensive tool to use in analyzing bond program 
options. This is not to say that analyzing debt finance is 
not a heavily labor-intensive effort nor a simple task at all, 
either with or without using SCRAM. But rather, in 
analyzing bond program options, the incremental costs 
associated with using SCRAM are relatively low. All of 
the initial data that must be supplied to the model is 
information that must be developed for other purposes. 

The SCRAM program has been successfully applied with 
Kentucky data in a purely hypothetical exercise to analyze 
the effects on debt finance of alternative assumptions about 
future revenues and bond maturity distribution schedules. 

Because of the hypothetical nature of this application, 
experience on resource requirements is limited to the 
technical aspects of the application. Direct involvement 
with policy or financial planning officials would undoubt-
edly require several person-weeks of time because of the 
complexity of bond programs . About two weeks of senior 
professional staff time are required by a person with a 
working knowledge of linear programming to fully under-
stand the technique and work through the detailed tech-
nical material in the manual. Approximately another three 
days of such a person's time are required to translate 
general policy guidance from senior state officials and 
financial advisors into inputs for a basic set of alternative 
runs of SCRAM. The time required to install SCRAM 
amounted to only about four person-days—largely from 
nonprofessional level staff. Once the program is installed, 
only a few hours are required to set up the input deck and 
run SCRAM. 

PRIORITY PROGRAMMING SYSTEM 

PPS is a computer-based technique to assist states and 
urban areas in the determination of user benefits and 
costs and a schedule for transportation improvements so 
that total benefits accrued would be a maximum for a time 



TABLE 3 

INPUT REQUIREMENTS AND OUTPUTS FOR EACH OF THE FOUR MODES OF OPERATION OF SCRAM 

I MODE AND COMPONENT 	 INPUTS 	 OUTPUTS 	I 
BOND ESTIMATION MODE * 

Constraints: 

Income = Expenditures 	Revenues, Federal Aid, Capital and 	Bond Sales, New 
Operating Expenditures, Old Sinking 	Sinking Fund Payments 
Fund Payments, Cash Balance Forward, 
Investment Income, and New Debt Ser-
vice Payments 

Current Coverage 	 Revenues, Investment Income, Operating 	Current Coverage of 
Expenditures, Old Debt Service Pay- 	Debt Service, Debt 
ments, and New Debt Servicq Payments 	Service Payments 

Future Coverage 	 Revenues (R), Investment Income (I), 	Future Coverage of 
Operating Expenditures (0), Old Debt 	Debt Service 
Service Payments, New Debt Service Pay-
ments, and Growth of Net Revenues 
(R+I-O) After Analysis Period 

Definitions: 

Investment Income 

	

	 Cash Balance Brought Forward, Old 	Investment Income 
Sinking Fund Payments, New Debt 
Service Payments, Investment Income 
Rates of Return, and Bond Proceeds 

New Debt Service 	 Bond.Interest Rates, Bond Principal 	New Debt Service 
Payment Schedules 	 Maturity Distributions 	 Payments Schedules 

REVENUE MINIMIZATION MODE * 

Objective Function: 

Minimize Revenues 	 Revenues 

Constraints: 

Constraints 1 and 2 	As above plus Required Minimum 	 See above 
and/or 3 as above 	 Coverage of Debt Service Factor 

in Constraints 2 and 3. 

CAPITAL EXPENDITURE * 
MAXIMIZATION MODE 

Objective Function: 

Maximize Capital 	 Capital Expenditures 

Expenditures 

Constraints: 

Constraints 1 and 2 	As above plus Required Minimum 	 See above 

and/or 3 as above 	 Coverage of Debt Service Factor 
in Constraints 2 and 3 

OPERATING EXPENDITURE * 
MAXIMIZATION MODE 

Objective Function: 

Maximize Operating 	 Operating 

Expenditures 	 Expenditures 

Constraints: 

Constraints 1 and 2 	As above plus Required Minimum 	 See above 

and/or 3 as above 	 Coverage of Debt Service Factor 
in Constraints 2 and 3 

* In the Bond Estimation Mode, bonds are issued to set income equal to 
expenditures when expenditures would otherwise exceed income, and the re-
sulting coverage of debt service is calculated. When income exceeds ex-
penditures, the balance is brought forward and no bonds are issued0 In 
the remaining three modes, the coverage constraints (2 and/or 3) are used 
to restrict bond sales by enforcing a specified coverage requirement. 

15 
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stream of budget constraints. The PPS consists of three 
basic packages: a user benefit package, an edit/update and 
inflate/discount package (which has been separated into 
two packages in the guide (Appendix C) for PPS), and 
a linear programming package. Figure 5 shows the gen-
eral flow for the PPS. Table 4 lists the three basic com-
ponent packages along with the general inputs and outputs. 

With respect to the user benefit package, it should be 
noted that in Maryland the application was limited to user 
benefits and costs, as noted in Table 4, rather than to the 
introduction of a full complement of social, economic, and 
environmental (SEE) factors. Consideration was given 
to SEE benefits and room has been left for their inclusion in 
the improvement records. The SEE benefits considered 
were: business effect, employment hardships, community 
cohesion, service sufficiency, relocation hardship, noise and 
air pollution, water pollution, natural land area disruption, 
and employment opportunity. The current software (Aug. 
1974) does not include the capacity for using these 
measures. This decision to limit the analysis simply to user 
benefits and costs was based on the following reasons. 

For one, in Maryland, the Continuing, Coordinated, 
Comprehensive (3C) planning process and the State Action 
Plan process were established to screen through a great 
number of projects for SEE effects in the planning cycle 
rather than in the programming cycle. SEE effects are 
valued differently in different parts of the State. Environ-
mental concerns in wetland areas near the Chesapeake 
Bay are viewed differently from environmental efforts in 
more urban areas where social and economic effects may 
be weighed higher than the physical environment. There-
fore, projects entering the programming cycle were assumed 
to have considered SEE effects to the point where costs to 
mitigate negative SEE impacts were included. 

For another reason, the Ontario Ministry of Trans-
portation and Communication (MTC) indicates that the 
difference between including SEE impacts in trial runs for 
highway projects and not including SEE effects resulted 
in only a 10 percent difference in the benefit calculation and 
very minor differences in the prioritization. Because of this, 
the Ontario MTC has dropped SEE effects in their 
prioritization of highway projects. 

In addition, as noted in Table 4, the user benefit package 
uses input data normally available to the state: highway 
adequacy rating data, needs study data, and project 
specific data. Other general information can be found in 
the literature and other state files. 

The edit/update and inflate/discount package requires 
the output of the user benefit package and needs-study data 
and project-specific data on construction maintenance cost 
data. As noted in Figure 5 and Table 4, it produces a 
master file by improvement and working improvement lists, 
which are required reports for the linear progamming 
package. 

The linear programming package includes four pro-
grams for setting up and executing the linear programming 
model, which selects and schedules highway improvements, 
and four programs for producing plots and summary 
tables. It requires the output of the edit/update and 
inflate/discount package along with the budget constraints  

projected in constant value dollars and discounted in con-
formance with the discount rate used in the inflate/discount 
package. The output consists of a schedule and non-
scheduled file of improvements and cost and benefit im-
provement file. 

Table 5 presents the resources required in Maryland for 
an initial application of the PPS to prioritize 26 highway 
improvement projects. About 95 person-days were re-
quired, including 30 person-days for obtaining the PPS, 
installing it, and training staff members to use it; 35 
person-days for assembling all the data required for an 
initial application of the PPS; 5 days for coding and 
preparing inputs; and 20 days for analyzing the outputs. 

The first item is a "one time" resource requirement that 
would not be necessary in subsequent applications. The 
second item consists primarily of assembling data on unit 
costs and on the specific projects to be analyzed. However, 
this information is saved in the master improvement list 
for subsequent applications of the PPS. Rerunning PPS 
with different budget constraints, inflation rates, and dis-
count rates would require less than two person-days plus 
additional staff time required to analyze the outputs. 

ENERGY IMPACTS OF TRANSPORTATION ACTIONS 

EITA, the procedure for estimating travel and energy 
impacts of transportation actions, is a manual procedure 
to aid the transportation planner in developitig the state 
energy conservation plans as required by the 1975 Energy 
Policy and Conservation Act. Travel and energy reductions 
from program measures to increase the use of carpools, 
vanpools, and public transit can be estimated. The pro-
cedure consists of seven steps: 

Step 1. Determine appropriate areas for analysis—
This includes the division of the state into several areas for 
analysis. Within each area, the level of detail at which 
each policy is to be analyzed needs to be determined. 

Step 2. Determine population groups affected because 
of the nonhomogeneity of the population—Specific policies 
will affect population subgroups differently, depending on 
their socioeconomic characteristics. 

Step 3. Determine a baseline for travel demand—This 
is the travel behavior pattern for the analysis year, given 
that no specific energy conservation policies are imple-
mented. 

Step 4. Translate policy into transportation level-of-
service changes- 

Step 5. Estimate revised work trip modal shares- 
Step 6. Estimate changes in VMT, auto occupancy, 

and other travel-related variables- 

Step 7. Estimate changes in energy consumption— 

Steps 1 through 3 are grouped under travel demand 
baseline techniques. Steps 4 through 6 are combined under 
the travel demand change technique. Step 7 is the fuel 
consumption technique. These three components along 
with their general inputs and outputs are given in Table 6. 

EITA is a manual procedure requiring the use of only a 
pocket or desk calculator. The resources required for 
assembling the data, conducting the analyses, and obtaining 
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and analyzing the results for the three policies tested in 
Georgia were only about 10 person-days. This experience 
is somewhat unrealistic in that substantial time savings 
were made over typical practical applications because of the 

fact that several rough assumptions were made due to 
unavailability of data on transportation system charac-
teristics and use. 

General Infor- 

USER 
BENEFIT 
PACKAGE 

Adequacy Ratin4 	Needs Study 
Data • 	I 	Data ** 

I 	 I 

User Benefit 
Program 

F al User it Value 

V
ditional Pro-
ct Specific 
ta Needs** 

------------------------------------------------------------------------------- 

I Edit Update Progran 	 q icw ..Qn- 
struct ion Maintenance 
Cost Data 

EDIT/UPDATE 
INFLATE/DISCOUNT 
	

Master File by 
PACKAGE 
	 ** 

Infl c/Discount 

I Working Improvewent 
LList 

------------------------------------------------------------------------------- 

Budgets $ Objectives 
for Planning Horizon 

LINEAR 	 N. P. S. X. Linear 
PROGRAMMING 	 Program (LP) 
PACKAGE 

LP Solution Print-
out Scheduled/Non-
Scheduled Report 

* Project assumes cost-benefit streams along a planning horizon and pro-
ject life cycle of approximately 20 years. These assumptions are mod-
ified to reflect adjustments to the benefit stream and proportional 
cost stream for projects completed during the planning horizon. 

** See Table 4 for more detailed information. 

LEGEND: 	
I Input/Output Data 	[ 1 Process 

Figure 5. General information flow for PPS. 
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TABLE 4 

INPUT REQUIREMENTS AND OUTPUTS FOR EACH OF 
THE THREE COMPONENTS OF THE PPS 

F COMPONENT 	 INPUTS 	 OUTPUTS 

USER BENEFIT PACKAGE 

General 

Vehicle Operating Costs for fuel, oil, tires, 	Vehicle Operating Costs 
mechanic labor and vehicle depreciation 	 Time Costs Time-values 
Accident values 	 Accident Costs (fatal, 
Traffic Inventory for permanent traffic count 	 personal injury, 
station data, average one-way flows, traffic 	 property damage) 
link flow to saturation flow, percent of trucks 
Terrain: mountainous, rolling, and level 
Car occupancy rates in urban, suburban and 
rural areas 

Highway Adequacy Rating 

Control of access 
Lane width, type, number of lanes 
Shoulder width 
Percent passing sight distance 
Length in miles 
Accidents per million vehicle miles 
Grade 	 - - 
Curvature 
Pavement type 
Capacity in vehicles per hour 

Needs Study Data 

. AADT for base and future years 

Additional Project Specific Data 

Median width, average highway speed 
Number of intersections, cycle length, number 
of homes, parking allowed, environmental factor 

EDIT/UPDATE AND INFLATE/DISCOUNT PACKAGE 

Output of User Benefit Package 	 Master Improvement List 

Salvagu Value 
Needs Study Data 	 Annual Added Maintenance 

Calculation 
Planning costs 	

Surface Maintenance Engineering costs 	
Savings Calculation Right-of-way costs 	 - 

Construction costs 	 Working Improvement List 

Additional Project Specific Data 

Construction maintenance cost data 

LINEAR PROGRAMMING PACKAGE 

Output of Edit/Update and Inflate/Discount 	 Inflated Cost Streams Package 	 versus Time 

Discounted Benefit Stre 
- Budget Levels for the Planning Horizon 	 versus Time  

- 	 Cost Benefit Ratios 

Project Starting Dates 
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TABLE 5 

RESOURCE REQUIREMENTS FOR PPS 

PACKAGE SYSTEM INSTALLATION CODING 	INPUT COMPUTER ANALYZE COMMENTS 
ASSEMBLE DATA TIME 	PREPARATION TIME CPU OUTPUT 

SECS. 

Overall 10 person days to Used a -- 60 -- Training needed 
obtain and review precoded for analyst and 
20 person days for package computer people 
training Need PLI Library 

and MPSX 

User Benefit 20 person days for 3 person 1 person 80 2 person Definition of 
Package 26 projects, 	15 days day days problem, data 

person days to assembled, coded 
collect other data and punched. 

How to classify 
proj ects 

Edit/Update 4 person days 0.5 person 1 person 20 2 person Maintenance costs 
Inf late Dis- day day days not available 
count Package from Needs Study. 

Make assumptions 
of inflation and 
discount rates 

Linear 2 person days to -- -- 60 to 15 person Budget constraints 
Programming define LP problem 120 secs. days and definition of 
Package objective function 

and project depen- 
dencies. 	High 
level skill 
required. 

TABLE 6 

ENERGY IMPACTS OF TRANSPORTATION ACTIONS 

COMPONENT 	 INPUTS 	 OUTPUTS 	1 

Travel Demand 
Baseline 
Technique 

Travel Demand 
Change 
Technique 

Area population 

Population affected by 
policy 

Persons per household 

Land area 

Annual Income 

Level of service change 

Output of Travel Demand 
Baseline Technique 

Number of workers 

Number of non-work 
auto trips 

Work VMT 

Non-work VMT 

Work trip modal shares 

Work trip length 

Non-work trip length 

AutOs Used per worker 

Revised work trip 
modal shares 

Change in VMT 

Revised autos used 
per worker 

Fuel 
	

Output of Travel Demand 	Change in energy 
Consumption 	 Change Technique 	 consumption 
Technique 
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CHAPTER THREE 

APPLICATIONS, INTERPRETATION, 
AND APPRAISAL 

This chapter contains a summary description of the 
results of the test application of the four techniques and an 
interpretation and appraisal of each technique's usefulness 
in other states. More detail on the applications is con-
tained in the manuals and guide in the appendixes. 

HIGHWAY USER REVENUE MODEL 

Application 

The Highway User Revenue Model (HURM) was 
calibrated and employed to calculate a set of alternative 
projections for highway user revenue collections in Ken-
tucky. From a 1975 base, seven sets of economic and 
energy conditions were postulated for 1976 through 1985. 

One possible set of economic and energy conditions was 
postulated reflecting historical trends and the state of the 
economy as one is aware of it in 1978. This case is the 
base, against which all others may be compared. (The 
assumptions used in making these forecasts are discussed 
in detail in Appendix A.) 

Figure 6 shows the highway user revenue collections 
calculated from three alternative sets of economic condi-
tions. While maintaining all other variables at the levels 
postulated for the base case, the average annual growth 
rate of disposable income, the average hourly wage rate, 
and the unemployment rate are varied to reflect two ex-
treme pictures of the state of the economy. In the high 
economic growth case, the average annual growth rates of 
disposable income and the wage rate are increased by 
33 percent over base case levels. The unemployment rate 
is postulated to reach 4.0 percent by 1985. In the low 
economic growth case, the average annual growth rates of 
disposable income and the wage rate are decreased 33 per-
cent below base case levels. The unemployment rate is 
postulated to reach 8.0 percent by 1978 and to remain 
constant at 8.0 percent through 1985. 

The graph of motor fuel tax collections shows that these 
revenues will decrease in real dollar terms regardless of 
the state of the economy. The better the economic pic-
ture, however, the less of a rate of decline will be observed. 
Registration fee collections are shown to remain fairly 
steady in real dollar terms at current levels in the base case. 
Under the high economic growth assumptions, these reve-
nues are portrayed to grow slightly in real dollar terms. 
Under the low economic growth assumptions, registration 
fee collections in real dollar terms are shown to drop be-
low current levels. Excise tax collections in real dollar 
terms are shown to grow; the better the state of the econ-
omy, the faster they will increase. 

Figure 7 shows the highway user revenue collections 
calculated from three alternative assumptions about stan- 

dards for new car sales, weighted miles per gallon 
(SWMPG). Efficiency standards are set to the levels man-
dated by the Energy Policy and C6nservation Act (EPCA) 
of 1975 in the base case. The higher SWMPG standards 
case assumes that the EPCA mandated efficiency standards 
are increased by 20 percent from 1980 to 1985, with all 
other variables maintaining the same values as in the base 
case. The constant 1977 new car SWMPG forecast assumes 
that the SWMPG remains constant at the 1977 level (15.7 
mpg) for all the years in the analysis period, with all other 
variables maintaining the same values as in the base case. 

The graph of motor fuel tax collections shows that these 
revenues will decrease in real dollar terms under all three 
sets of fuel efficiency standards postulated. The model 
shows that the higher the SWMPG standards, the lower 
will be the amount of motor fuel taxes collected. The 
changes in fuel efficiency standards had no discernible 
effect on registration fee collections and excise tax col-
lections. 

Figure 8 shows the highway user revenue collections cal-
culated from three alternative sets of assumptions about 
gasoline prices. The price of gasoline is postulated to in-
crease at 9 percent per year (3 percent per year in real 
terms) in the base case. The double gasoline price fore-
cast doubles the prices used in the base case for 1979 and 
beyond. The increased gasoline tax rate forecast increases 
the gasoline tax rate by 33 percent for 1979 through 1985 
(from $0.09 per gallon to $0.12 per gallon). 

The graph of motor fuel tax collections shows that 
these revenues will decrease in real dollar terms under all 
three sets of gasoline price assumptions. When the gaso-
line tax rate is increased, more motor fuel taxes are fore-
cast to be collected. These changes in gasoline prices had 
no discernible effect on registration fee collections and ex-
cise tax collections. 

Implications to Statewide Decision-Making 

The application of HURM in Kentucky indicates that 
this model can be used in analyzing a variety of assump-
tions about future economic conditions and energy-related 
policies. 

The model application showed that highway user reve-
nues could vary considerably under different economic and 
energy assumptions. These results—underscored by recent 
experience in many states where costs have grown much 
faster than revenues—indicate that revenue policy, plan-
ning, and programming decisions must be made with care-
ful consideration being given to the various factors affect-
ing revenues. Uncertainties regarding future energy policy 
initiatives at the federal level are particularly impor-
tant in this regard. States must be prepared to adjust tax 
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rates and other policies to assure adequate revenue levels 
in the future. If states wish to reinforce prospective fed-
eral energy policies by complementary actions, they should 
be fully aware of the revenue consequences. 

Knowledge of the consequences of federal actions of 
this type can also be effectively used by states in making 
known to Congress and the Executive Branch the conse- 

quence to them of proposed actions, and the need for addi-
tional federal measures that can ameliorate the conse-
quences. For example, a state could show how much in-
crease in federal assistance it would need to get, over and 
above current authorizations, in order to maintain a given 
program level if new energy conservation measures are 
implemented. 
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Figure 6. Forecasts of highway user revenues in Kentucky—obtained using alternative assumptions about 
the growth of the economy. 
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SHORT-RANGE CAPITAL RESOURCE 
AVAILABILITY MODEL 

Application 

The Short-Range Capital Resource Availability Model 
(SCRAM) was used to determine the value of bonds to be 
issued in each year through 1980 under alternative assump-
tions regarding future growth in revenues from the State 

Road Fund and bond principal maturity distribution sched-
ules in Kentucky. 

Figure 9 shows the results of applying SCRAM to 
maximize capital expenditures under high (6 percent per 
year), medium (5 percent per year), and low (4 percent 
per year) assumptions regarding the rate at which revenues 
from the State Road Fund will grow through 1980. The 
figure shows the revenue assumptions, the value of bonds 
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Figure 7. Forecasts of highway user revenues in Kentucky—obtained using alternative assumptions about new 
car sales, weighted miles per gallon standards. 
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to be issued in each year through 1980 in order to maxi-
mize capital expenditure ceilings, and the capital expendi-
ture ceilings themselves. 

As can be seen in Figure 9, even relatively small differ-
ences (plus or minus 1 percent) in assumptions regarding 
future revenue growth rates can be of great importance in 
making decisions about the value of bonds to be issued. 

In the low-revenue case, bond proceeds must increase 
over time to supplement the lower growth in revenues. 
Conversely, in the high-revenue case, the requirements 
from bond proceeds decline relative to the base case over 
time, since the growth in revenues can offset correspond-

ing growth in expenditures. 
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* The forecasts are fiscal year forecasts in current dollars. The numbers 
in parentheses are the 1985 forecasts in 1976 dollars. 

** The only identifiable short run effects of these policies are observed 
for irotor fuel tax collections. 

Figure 8. Forecasts of highway user revenues in Kentucky—obtained using alternative assumptions about 
the price of gasoline. 
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Figure 10 shows the results of applying SCRAM to 	forecast of capital expenditure requirements was input for 

	

minimize required revenues under alternative assumptions 	each test. 

	

regarding bond principal maturity distribution schedules. 	In the straight serial bond case, the value of bonds to be 

	

The three types of bond maturity distribution schedules 	issued to minimize required revenues was approximately 

	

tested are shown in the top portion of the figure. Since 	the same as for the base case in 1976, but was about 10 

	

these tests were run in the revenue minimization mode, fu- 	percent higher in 1980. In the serial annuity bond case, 

	

ture capital expenditures were input variables. The same 	the value of bonds to be issued was about 10 percent 
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assumptions. * 
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higher than the base case in 1976 and about 20 percent 
higher than the base case in 1980. 

The striking impression from Figure 10 is that widely 
varying bond maturity distribution schedules have very 
little effect on the stream of future revenue requirements 
or bond proceeds required. 

Implications to Statewide Decision-Making 

Increasingly, states are faced with the costs of highway 
capital and maintenance needs that exceed available reve- 

nues. Consequently, states are investigating alternative 
revenue sources and analyzing the potential for obtaining 
additional revenue from existing sources, both of which 
may include debt financing. 

The application of SCRAM in Kentucky indicates its 
usefulness in providing data to aid in formulating and ana-
lyzing bond programs. 

The model incorporates a number of relationships—such 
as sinking fund requirements, schedules for principal and 
interest payments, and debt service coverage requirements 
—which are important considerations in bond financing. 
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Figure 10. Alternative revenue minimization (RM) progra,ns for various bond maturity distribution 
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For those states in which financial requirements and con-
straints match those assumed in the model, SCRAM can 
be an important asset in making detailed decisions about 
specific bond financing programs. The formulation and 
assessment of bond programs that take these relationships 
into account can be very time consuming if done by hand. 
SCRAM can produce bond programs for a variety of ob-
jectives and assumptions about future conditions with a 
few hours of staff time. 

PRIORITY PROGRAMMING SYSTEM 

Applications 

Three basic steps were undertaken to obtain and inter-
pret the results of applying the Priority Programming Sys-
tem (PPS) as follows: 

I. Development and coding of a test case of 26 state-
wide primary highway projects. 

Installation of the PPS on the Maryland Department 
of Transportation (MDOT) computer. 

Analysis and interpretation of the results. 

Step 1. Development and Coding of Test Case 

Input variables and project information were obtained 
from codification of 26 highway projects located through-
out the state in urban and rural areas. The codification of 
highway projects was critical to the analysis. 

Much of the general information needs for traffic in-
ventory, terrain, and occupancy rates was available in 
MDOT files. Permanent count station data did require 
some data manipulation to place the data in the format 
required by PPS. Relationships for vehicle operating costs 
were supplied to MDOT by the consultant team. Key 
project cost assumptions needed for the relationships were 
discussed with MDOT. 

The project specific data were available in urban areas 
through the 3C process, and in rural areas through more 
sketch-planning-type processes. 

The 26 projects included a total expenditure of $800 
million. However, the costs exceeded $1 billion when 
right-of-way costs were added. 

Step 2. Installation of PPS on MDOT Coin puter 

Installation of the PPS on the MDOT computer was ac-
complished. However, certain measures had to be under-
taken to accomplish this that were not apparent in avail-
able documentation. A special PL1/0S software library, 
which was not available in Maryland, and a linear pro-
gramming (LP) package (MPSX/OS) which was available 
only through IBM and needed in Maryland, were required. 
Both of these were obtained by MDOT during the test 
application. 

Step 3. Analysis and Interpretation of Results 

The PPS was then applied to the test case of 26 highway 
projects. Table 7 gives, by project number, the vehicle op-
erating costs, travel time, accident costs, and total user 
benefits for each of the projects. It should be noted that 
the benefits shown are in present dollars, cumulative over 
the 20-year planning period, and not discounted over time. 

TABLE 7 

TWENTY-YEAR BENEFITS BY TYPE AND PROJECT-
MARYLAND TEST CASE 

PROJECT I1JMBER BENEFITS (in millions of 	1977 dollats) 

Vehicle Travel 	/ Total 
Total 

Operating .1/ Tijr.e 	1  Accidents User 

3.9S4 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 0 2.527 
16 -2.724 12.990 1.673 11.939 
17 -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 

Notes 

Peak sumer volumes not emphasized due to use of annual daily traffic. 

21 The value of travel time is $4.70 for a passenger car, $8.00 for a 
single unit truck and $12.00 for a tractor-trailer from published 
reports, 

* Were treated as split projects. Staged into a series of improvements. 

Figure 11 shows the cost of an improvement, which in-
cludes construction costs (right-of-way costs were ex-
cluded), as a function of the year of implementation in 
the planning period. These costs are in terms of 1977 dol-
lars. The composite of the present worth (discounted) of 
all benefits and disbenefits over a 20-year period for the 
same improvement is also shown in the figure. 

Figure 12 illustrates the cumulative project benefits 
versus project costs. As can be seen, the cumulative proj-
ect costs are within the $0.8 billion budget constraint, and 
between 1985-1986 the benefits begin to exceed cumula-
tive costs. Table 8 presents the priority schedule for the 
projects. It indicates how the PPS can be used to deter-
mine which of several projects should be started in order 
to optimize user benefits over time. 

Implications to Statewide Decision-Making 

The results of applying PPS in Maryland have identified 
several areas of application: 

1. Development of the Maryland Transportation Plan 
(MTP)-MDOT is in the process of completing a state-
wide multimodal transportation plan. The MTP uses as 
input for highways a 20-Year Highway Needs Study pre-
pared by the State Highway Administration and based on 
an adequacy rating system. Some of the needed highway 
improvements are presently contained in the 5-year Con-
solidated Transportation Program (CTP). The MTP clas-
sifies those items that are in the CTP for construction 
within the 5-year period as Category 1 and those that are 
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in the CTP for project planning or other preconstruction 
activities as Category 2. Based on various financial pro-
jections for the 20-year period, MDOT through the MTP 
is attempting to identify those unprogrammed needs that 
are of a higher priority and benefit cost ratio as Category 

3 in the plan, as opposed to those unprogrammed needs, 
Category 4, that are lower priority and would fall outside 
the 20-year projection of available funding. The PPS can 
be used to help arrive at the Category 3 and 4 split in fu-
ture updates of the MTP. 
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Systems Planning and Special Studies-MDOT con-
ducts many areawide and modal systems planning studies 
where the PPS could be used to test alternate financing 
assumptions, facilities, or corridor alignments. Examples 
of these on-going studies are: Northern Charles County 
Transportation System Study, Maryland Route 100 Corri-
dor Systems Study, Garrett County Economic Planning 
Study, and Toll Revenue Utilization Study. 

The latter study, now underway, attempts to evaluate 
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 cer-
tain improvements would generate a reventie stream that 
should be factored into the cost benefit calculation. 

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 production capabilities. 

Project Planning Studies-The PPS, specifically the 
user benefit package, can be used for evaluating alternate 
alignments within a project planning study. 

ENERGY IMPACTS OF TRANSPORTATION ACTIONS 

Applications 

The procedure for estimating energy reduction due to 
program measures to encourage carpools, vanpools, and 
public transit was tested in the State of Georgia for three 
specific policies: (1) preferential traffic control for mu1-
tiple-occupant vehicles on 1-75 in northwest Atlanta, Ga.; 
(2) employer-based carpool matching and promotion pro-
gram in Augusta, Ga.; and (3) express-transit service from 
Atlanta to Macon, Ga. These policies and the applicable 
subareas in the State are under consideration for imple-
mentation. 

Preferential Traffic Control for Multiple-Occupant Vehicles 

This policy consists of upgrading a four-lane facility 
(1-75 in northwest Atlanta) to eight lanes with two lanes 
reserved for high-occupancy vehicles (HOV). The reserved 
lanes will be 12 mi long running from South Marietta Loop 
to Northside Drive. It is proposed in the Atlanta Regional 
Transportation Plan to implement this policy by the year 
2000. Some base data for year 2000 were available from 
the Atlanta region. The EITA procedure was used to de-
velop the remaining base data, the change in travel demand, 
and the energy consumption. 

The results are summarized in Table 9. Due to the HOV 
reserved lanes, the drive-alone share decreases by 6 per-
cent, with 5 percent moving into carpools. The resulting 
VMT decreases by 2.7 percent, which amounts to 64,000 
mpd. This results in a savings of 2,700 gal of fuel per day. 

Employer-Based Carpool Matching and Promotion 
Program 

This policy consists of working with medium- and large-
size employers in Augusta, Ga., to set up a carpool match-
ing and promotion program. 

The results of the analysis using the EITA procedure are 
summarized in Table 10. The drive-alone share reduces by 

TABLE 9 

SUMMARY RESULTS OF IMPLEMENTING 
PREFERENTIAL TRAFFIC CONTROL FOR 
MULTIPLE-OCCUPANT VEHICLES 

PARAMETER BASELINE 

PEVISED 
POLICY 
EFFECT 

CHANGE 
FROM 

BASELINE 

Drive Alone Share 78% 72% -6% 

Shared Ride Share 18% 23% +5% 

Transit Share 4% 5% +1% 

Average Carpool Size 2.47 2.50 +.03 

Work VMT Per Household 23.7 22.5 -1.2 

Nonwork VMT Per Household 16.6 16.7 +0.1 

Total VMT Per Household 40.3 39.2 -1.1 

Autos Used Per Worker 0.85 0.81 -0.04 

VMT Reduction Per Day 	= 74.000 miles 

Energy Saved Per Day = 2,700 gallons of fuel 

TABLE 10 

SUMMARY RESULTS OF IMPLEMENTING 
EMPLOYER-BASED CARPOOL MATCHING 
AND PROMOTION PROGRAM 

PARAMETER BASELINE 

REVISED 
POLICY 
EFFECT 

CHANGE 
FROM 

BASELINE 

Drive Alone Share 71% 66% -5% 

Shared Ride Share 25% 30% +5% 

Transit Share 4% 4% 0% 

Average Carpool Size 2.5 2.5 

Work VMT Per Household 7.5 7.4 -0.1 

Nonwork VMT Per Household 10.4 10.4 

Total VMT Per Household 17.9 17.8 -0.1 

Autos Used Per Worker 0.79 0.78 -0.01 

VMT Reduction Per Day = 3,500 miles 

Energy Saved Per Day 	= 260 gallons of fuel 

5 percent; however, the reduction in VMT is small (less 
than 1 percent). This VMT reduction results in savings of 
about 260 gal of fuel per day. 

Express-Transit Service 

This policy consists of implementing an express or high-
speed bus service from Atlanta to Macon, Ga. An average 
line-haul speed of 55 mph would be obtained using 1-75 
for the major portion of the trip. In congested areas, par-
ticularly Atlanta, some preferential treatment will be used. 
This will consist of a contrafiow lane from the perimeter 
highway (1-285) around Atlanta to the CBD. Intermedi-
ate stops will be located at 1-75 interchanges at Forsyth, 
Griffin, and Jonesboro. The distance of the trip is ap-
proximately 80 mi. The proposed system will have a 
headway of 2.8 min during peak periods. 

A summary of the results obtained using the EITA pro-
cedure is presented in Table 11. The drive-alone share is 
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TABLE 11 

SUMMARY RESULTS OF IMPLEMENTING 
EXPRESS TRANSIT SERVICE 

PARAMETER BASELINE 

REVISED 
POLICY 
EFFECT 

CHANGE 
FROM 

BASELINE 

Drive Alone Share 73% 71% -2% 

Shared Ride Share 26% 28% +2% 

Transit Share 1% 1% 0% 

Average Carpool Size 2.5 2.5 

Work VMT Per Household 41.5 41.0 -0.5 

Nonwork VMT Per Household 29.8 29.83 -.03 

Total VMT Per Household 71.3 70.83 -.47 

Autos Used Per Worker 0.83 0.82 -.01 

VMT Reduction Per Day = 12,400 miles 

Energy Saved Per Day = 900 gallons of fuel 

estimated to be reduced 2 percent. There was no signifi-
cant change in the transit share as the time savings were 
offset by the increase in fares. The VMT reduction results 
in savings of about 900 gal of fuel per day. 

Implications to Statewide Decision.Making 

The application of the procedure for estimating travel 
and energy impacts of transportation actions to Georgia 
indicates that this procedure can be used to assist states to 
carry out the State Energy Conservation Plan as required 
by the 1975 Energy Policy and Conservation Act. The 
procedure estimates energy reductions for program mea-
sures to increase the use of carpools, vanpools, and public 
transportation. 

In order to achieve the energy consumption goals of the 
state, it will be necessary to combine individual transporta-
tion actions into packages that together can achieve a 
greater reduction in energy use. Such action packages can 
utilize the interactive effects of the individual actions to 
achieve reductions greater than the sum of individual ex-
pected savings. This interactive effect is particularly rele-
vant in the case of measures to improve flow of high-occu-
pancy vehicles. Expected energy savings from such actions 
are generally a small percentage of total statewide energy 
consumption. However, when linked with other actions, 
such as an employer-based carpool matching program or 
employer-sponsored vanpools, traffic-flow improvements 
can be important. 

CHAPTER FOUR 

CONCLUSIONS AND SUGGESTED RESEARCH 

As a result of the Phase I effort and the Phase II effort 
on development, application, and testing of three manuals 
and a guide of sketch planning techniques, several conclu-
sions were reached and areas of research suggested. 

CONCLUSIONS 

The conclusions based on the work conducted as part of 
NCHRP 8-18 can be grouped into (1) those that are 
general in nature and (2) those that are specific to the 
techniques reported on in this document. 

With respect to general conclusions: 

Sketch planning techniques provide a useful way to 
furnish information that can assist decision-makers in the 
evaluation of statewide planning/programming options. 

Sketch planning techniques, which range from corn-
puter-based to completely manual approaches. are useful 
in assisting long- and short-range policy, planning, and 
programming analysis. These techniques can vary from 
models, on the one hand, to surveys and monitoring ap-
proaches on the other. 

Sketch planning techniques, as they currently exist, 
require additional documentation, streamlining, and test  

application before they can be of most immediate use to 
other states. However, some 142 techniques were docu-
mented in the Phase I effort and 4 specific techniques were 
tested in the Phase II work. 

Sketch planning techniques are generally easy to 
calibrate and use and require a minimum of computer time 
during the application stage. The greatest amount of effort 
needed is during the initial data base organization and in-
stallation stage. 

Sketch planning outputs for the techniques examined 
in Phase II are quite sensitive to variations in policy direc-
tion. They permit a greater ease in understanding major 
uncertainties that could effect impacts as major policy 
decisions. 

Successful implementation of any technique to as-
sist statewide planning and programming requires an "en-
thusiastic" staff. 

More specific conclusions related to each of the tech-
niques examined during Phase II include the follpwing: 

I. HURM—HURM is a computer program that can be 
easily adapted to project short-run highway user revenues 
in any state. It is useful for analyzing the effects of alter- 
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native economic and energy conditions on state highway 
revenue. 

HURM has tested the effects of several alternative as-
sumed sets of economic and energy conditions on the pro-
jected levels of motor fuel tax revenue, excise tax revenue, 
and registration fee revenue in the state of Kentucky. 

HURM also estimates future values of statewide vehicle-
miles of travel, fleet size, new car sales, the over-all fuel 
consumption rate for the fleet of new cars sold, and the 
over-all fuel consumption rate for the entire fleet of cars 
on the road. 

The resource requirements for HURM in Kentucky 
were about 50 person-days for installation and calibration 
because extensive modifications to the Maryland version 
were made. Once installed, HURM required less than 4 
person-hours for input preparation for the initial projec-
tion and even less time for all successive projections. 

The HURM program is fully documented in the manual. 
The self-explanatory material is augmented with the knowl-
edge gained during the field test in Kentucky. 

SCRAM—The documentation for SCRAM is a com-
plete manual for using the SCRAM program as it exists. 
The manual can be used by nontechnical staff to assess the 
applicability and usefulness of SCRAM and interpret its 
outputs; it can be used as well by technical support staff 
who must be familiar wtih the program operation. 

The SCRAM pioglaiTi incorporates a specific set of as-
sumptions in the following areas that may limit its appli-
cability: sinking fund requirements, investment income 
sources, interest payment schedules, and debt services cov-
erage requirements. These assumptions cannot be varied in 
the current version of SCRAM. 

The SCRAM program has been successfully applied to 
analyze the effects of alternative revenue assumptions and 
alternative bond maturity distribution schedules upon debt 
finance. 

The SCRAM program requires a relatively large amount 
of memory storage (342K) to execute, although execution 
time is relatively short (less than 4-CPU sec for small 
runs). 

A relatively small commitment of staff time is required 
to use SCRAM in analyzing bond program systems. Only 
a few hours are required to make the program operational 
and to set up a data deck for the program. 

PPS—The PPS documentation as presented in this 
report is a guide rather than a manual. More effort will 
be needed to rewrite the current documentation to place it 
in a form that can be readily transferred to other states. 

Use of the full PPS (all components) requires MPSX, 
which is a linear programming package proprietary to 
IBM. However, three of the four packages can be used to 
provide useful/usable information. 

The PPS was successfully applied to a test case of 26 
projects in Maryland and produced a prioritization of 
projects. Other uses of PPS besides prioritization include 
systems planning and special studies to test alternate fi-
nancing assumptions, facilities, or corridor alignments; 
project planning studies for evaluating alternate align-
ments using the road user benefit package; and develop-
ment of statewide transportation plan. 

The resource requirements for PPS in Maryland were 
about 90 person-days for system installation, assembling 
data, coding data, input preparation, and analyzing the 
output. Approximately 35 percent of the resources were 
required in the installation phase. 

To be useful to other states, the installation of PPS 
should be preceded b at least, a three-day workshop 
where details related to system installation and input 
preparation are communicated. 

EITA—EITA is a completely manual procedure 
technique and can be applied with the aid of a pocket cal-
culator. As presently written, the document is useful in 
testing car and vanpool and transit policies on a statewide 
basis. Based on the testing, improvements are suggested 
with respect to the travel demand components of the 
technique. 

EITA has successfully applied to an analysis of the travel 
and energy impact of three specific policies in Georgia: 
preferential traffic control for multioccupant vehicles in 
northwest Atlanta, employer-sponsored carpool matching 
and promotion program in Augusta, and express-transit 
service from Atlanta to Macon. Other potential uses of 
EITA include the analysis of the impact of other policies 
to improve the use of carpools, vanpools, and public transit. 

The resource requirements for EITA in Georgia were 
6 person-days, which included data collection and analysis. 

The EITA as written (with the caveats noted) can be 
directly transferred to other states. 

SUGGESTED RESEARCH 

As a result of the Phase I and Phase II efforts, certain 
techniques were identified for consideration as future re-
search projects. 

Before discussing these research projects, it is felt that 
it would be appropriate to introduce a recommended frame-
work for carrying out these activities. A statewide trans-
portation management system (STMS) is envisioned that 
could serve as a framework for many of the techniques 
cited in the Phase I and Phase II work, as well as for ef-
forts being undertaken by other research agencies. Such a 
framework could assist the evaluation of transportation 
plans and programs associated with the rural transporta-
tion program, the emerging multimode, consolidated trans-
portation account, etc. The STMS could assist the profes-
sional community for the specific area of interest, in the 
coordination of research, documentation of sketch-plan-
ning-technique applications, dissemination of information, 
and coordination of training activities. Through a news-
letter type of device, it could keep interested parties con-
cerned about activities and operate much like the Urban 
Transportation Planning System (UTPS). 

The suggested research, stemming from the NCHRP 
8-18 project activity, can be grouped into three parts: 
research stemming from application of the techniques 
noted in this report, techniques that can be developed into 
manuals or guides similar to the products presented in 
this report, and techniques requiring additional research 
and/or new methods before they can be useful. Table 12 
lists these research projects in three groups. The following 
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TABLE 12 

SUGGESTED RESEARCH PROJECTS RELATED TO NCHRP 8-18 

Group 1 

Projects Stemming 
From Techniques 
Presented in This 
Report 

Group 2 

Projects to Apply, 
Test and Document 
Additional Sketch 
Planning Techniques 
and Methodologies 

Group 3 

Research Projects 
to Develop New 
Materials and 
Algorithms 

1. Improve PPS Linear 1. Simple Transit Rider- 1. Develop a New Linear 
Programming Pack- ship, Revenue & Cost Algorithm for PPS 
age 	(PPS) Forecasting Techniques 

2. Develop User Ben- 2. Multi-Modal Program  Develop a Policy 
efit Programs for Evaluation Methodology Oriented Statewide 
Non-Highway Modes Transportation 
(PPS)  Technique for Assess- Activity Allocation 

ing System Wide Trade- Model (STAN) 
3. Develop aPPS Man- of f Between Design, 

ual from Present Standards and Cost 3. Develop a Policy 

Guide 	(PPS) Sensitive Goods 
4. Composite tapping Flow Statewide 

4. Link Revenue Tech- System (CMS) Model (GFSM) 
niques to PPS(PPS) 

5. Rail System Planning 4. Methodology for Pre- 

5. Broaden Fuel Con- Methods dicting Statewide 
sumption Component Economic Impacts of 
of EITA to Incor- 6. Transportation Needs Varying Funding 
porate Latest FHWA Estimate for Elderly Levels 

Research (EITA) and Handicapped 

6. Improve Travel  Statewide Activity Al- 
Demand Component location Model (SAAM) 
of EITA (EITA) 

 Emissions and Air Qual- 
7. Soparate AUtO=an1 ity ProectiQn Method- 

Truck Related Rev- ology 
enue Forecasts 
(HURN) 9. Air Carrier Demand 

Distribution 
8. Add Forecasts of 

Other Taxes 10. Aviation System Cost 
Effects 	(HURN) Effectiveness Analysis 

Technique 
9. Further Refine 

Scrappage Rate & 11. Evaluation Reporting 
Fleet MPG (HURN) Methods in the Plan 

Development Process 
10. Adapt to Accept 

Sinking Fund Re-  TSM/TCP-Technique for 
quirements. Invest- Packaging Transporta- 
ment Income & Coy- tion Actions 
erage Requirements 
& Interest Payments  Freight Transportation 
(SCRAM) Demand Analysis Tech- 

niques 
11. Couple }4URM& SCRAM 

(HURM/SCRAM) 14. Combine Performance 
Effectiveness with 

12. Facilitate Sensi- Project and Program 
tivity Analyses Monitoring System 
(SCRAXI) 

 Project Management 
System 

 Technique to Relate 
Level of Service and 
Mobility to Transpor- 
tation Policies 

 Technique to Relate 
Emission and Fuel Con- 
sumption to Statewide 

Maintenance Policies 



33 

text presents the description and research approach associ-
ated with each of the projects. 

Projects Stemming from Application of Techniques 
(Group 1) 

As noted in Table 12, there are 12 projects in this 
category. Four of these projects resulted from the applica-
tion of PPS, two projects from EITA, three projects from 
HURM, and three from SCRAM. The description and 
the proposed approach to each of these projects follow. 

Develop Guidelines for Selecting Objective Functions to 
be Used in PPS Linear Programming Package 

Project Description. Some improvement can be devel-
oped in the PPS linear programming package using the 
existing program. For example, the linear program (LP) 
was run using the procedure that maximized net present 
worth of benefits within budget constraints, but the 
MPSX also has the capability of using multiple objective 
functions. These may be maximization of new present 
worth of benefits minus the costs or minimization of the 
present value of costs. A comparison of the priority 
rankings obtained from the foregoing three objective func-
tions would provide useful insights into the selection of the 
most appropriate objective funetioji. Also, an option that 
is in the PPS to produce priority rankings in. the LP can 
be used so that one of the three benefits components 
(vehicle operating, travel time, and accidents) is maxi-
mized. This would be useful, for example, if a state is 
interested in saving energy and, hence, maximizing vehicle 
operating benefits. 

Proposed Approach. The PPS linear programming 
package would be executed for the 26 highway projects 
examined in the Maryland test case and the three objec-
tive functions previously noted. The priority rankings for 
the projects would be examined and a recommendation 
would be made as to which objective function(s) would be 
most appropriate in addressing specific state-level trans-
portation issues. 

Develop User Benefit Program for Nonhighway Modes 

Project Description. An area in which further research 
is needed to improve the PPS for use in multimodal evalua-
tion is the development of the user benefit program for 
other modes that are comparable to the highway mode. 
The prioritization routine in the PPS is applicable to all 
modes. This multimodal application may suggest a longer 
planning horizon (more than 20 years, as assumed in the 
test case of highway mode in Maryland). The successful 
application developed in Maryland involved a transfer of 
methodology as well as a review of areas where additional 
improvement could be designed. These improvements 
would facilitate the versatile use of this program by other 
states concerned with user-cost-tradeoff evaluation for 
maintenance and new construction tradeoffs, prioritization 
used in budget constraints, and the many other possible 
applications of benefit-cost analysis and linear programming 
in transportation decision-making. 

Proposed Approach. The State of Maryland is proposed 
as the test case for the development of user benefit pro-
grams for other modes of travel (public transit, rail, air-
ports, and ports). The ways in which user benefits are 
considered by mode would be examined for the Maryland 
situation. This survey of practice would then be augmented 
by a literature search. A bibliography would be prepared 
of primary approaches. States addressing this issue would 
be consulted, drawing on the numerous contacts made as 
a result of the NCHRP 8-18 project. A methodology 
would be developed to translate user benefits into equiv-
alent dollar values for comparison to other modes. User 
benefits for passenger and goods movement would be 
stratified insofar as possible. The methodology would be 
reviewed by MDOT staff, and a methodology would then 
be finalized. The methodology would be further tested by 
applying it to a multimodal test case in Maryland. The 
test case results would be reviewed, and the methodology 
would be presented and reviewed by a panel of states con-
cerned with multimodal user benefit evaluation. 

Develop PPS Manual from Present Guide 

Project Description. The PPS guide is concerned pri-
marily with the operational use of the PPS, including 
preparation of input data and computer program installa-
tion. A fully developed manual would include substantial 
discussion of the options for use of the PPS in state trans-
portation decision-making, and more fully developed 
documentation on characteristics of PPS performance as 
a function of numbers of projects, categorical funding 
constraints, etc. 

Proposed Approach. Experience in using the PPS in 
Maryland and Ontario would be extensively reviewed and 
analyzed. Where possible, estimating functions would be 
developed to predict labor and computer requirements as 
a function of project type mix, number of projects, and 
other relevant variables, so that a state may estimate the 
advantages and costs of using the PPS. 

Technical opportunities for applying the PPS would be 
described more fully, within the framework of state prob-
lems described in this project. Illustrations of these ap-
plications would be drawn from Maryland and Ontario 
experience, or would be prepared from composite data. 

The draft manual would be presented to a selected set of 
state agencies for review and comment. Revisions would 
be made, as necessary, to assure that the manual is clear 
and responsive to the needs of its intended users. 

Link Revenue Techniques to PPS 

Project Description. State transportation revenue pro-
jection models, HURM and SCRAM, can provide input to 
the PPS to provide a basis for assessing the impact of 
bonding programs and other actions affecting highway 
revenues on transportation improvement schedules. An 
analysis would be made of how these models may be 
linked, and appropriate modifications would be made in 
model programs. 

Proposed Approach. The models would first be reviewed 
in detail to assure that they incorporate compatible sets of 
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assumptions with respect to such parameters as fuel con-
sumptions rates, fuel costs, and vehicle fleet composition, 
which may be stated or implied in the models. Information 
transfer from the revenue models to PPS would be speci-
fied, including methods of factoring or aggregating revenue 
by categories. 

Instructions would be prepared for how PPS budget 
constraints may be prepared from HURM or SCRAM 
output. An assessment would be made to determine 
whether computer software should be written to follow 
these instructions. Programming to link the two models 
would then be undertaken, if the assessment is favorable. 

Broaden Fuel-Consumption Component of EITA to 
Incorporate Latest FHWA Research 

Project Description. The fuel consumption technique in 
EITA uses average fuel economy values for the nationwide 
fleet mix. Relationships were provided to modify the fuel 
economy values due to the effect of speed, road geometry, 
cold start, trip length, etc. These relationships are the best 
available data to date. However, FHWA has sponsored a 
research project to develop procedures for impact analysis 
of vehicle fuel consumption and emissions as related to 
highway design and operating characteristics. As part of 
this project, a limited cross section of vehicle types is 
being tested on the road and on the dynamometer. The 
proposed project would use the results of this project to 
make the fuel consumption technique more versatile and 
accurate. 

Proposed Approach. The output of the travel demand 
change technique of EITA, as obtained from the Georgia 
application, would be input into the FHWA Fuel Con-
sumption/Emissions Model to obtain the reduction in fuel 
consumption due to the policies. This may be compared 
with the values obtained using the existing simplified 
fuel consumption technique. If the difference is significant, 
the FHWA model would be incorporated into the fuel 
consumption technique. However, if the errors are in-
significant, it may not be advantageous to revise the fuel 
consumption technique. 

Improve Baseline Travel Demand Component of EITA 

Project Description. The baseline travel demand tech-
nique in EITA is adapted from the personal travel sub-
model of the Wisconsin Regional Energy Model. Although 
the personal travel submodel is a recent development, it 
uses data and relationships developed before 1970. Very 
recently, some new developments have been made in the 
travel field. More specifically, in the NCHRP 8-12A 
project, "Travel Estimation Procedures for Quick Response 
to Urban Policy Issues—Phase II," a user manual is being 
developed to describe for each major element of travel 
demand analysis a manual technique, set of factors, or other 
appropriate tools to carry out a simplified analysis. The 
purpose of the suggested project would be to incorporate 
recent developments of manual procedures to conduct 
travel demand analysis into the baseline travel demand 
technique. 

Proposed Approach. The travel demand analysis tech- 

would be reviewed. If any of the components show a 
significant improvement over those presented in the 
baseline travel demand technique, these would be incorpo-
rated into the existing technique and the procedural man-
ual. Efforts would be made to look for components that 
provide travel demand by market classifications, such as 
modal availability, socioeconomic characteristics, etc. As 
mentioned earlier, only manual procedures would be re-
viewed and incorporated in the manual. 

The three policies tested in Georgia would be tested with 
the revised baseline travel demand technique to demon-
strate its use and to show the improvement over the 
existing technique. 

Separate Forecasting of Auto-Related and Truck-Related 
Highway User Revenues 

Project Description. As currently formulated, HURM 
does not treat trucks separately from automobiles. 
(MDOT's revised HURM, however, has split trucking-
related revenues from automobile-related revenues.) Both 
types of vehicles use the highways and are taxed in similar 
manners to pay for this use. However, owners and drivers 
of trucks do not respond to the same phenomena in the 
same way as owners and drivers of automobiles do. It 
would be useful to model the two types of vehicles 
separately to capture the special characteristics of each. 
It would also improve the accuracy of the model, as state 
legislatures often impose different tax rates on the two 
types of vehicles, and HURM currently gets by with 
weighted averages of such tax rates. 

Proposed Approach. Data would be collected describing 
characteristics of trucks and truck-related highway-user 
revenues in a test state, such as Kentucky. Behavioral 
equation and identities would be developed where appropri-
ate for autos and trucks separately. Total predicted 
revenues by category would be compared with earlier 
results obtained with autos and trucks combined. 

Addition of Capabilities for Forecasting Other Types of 
Taxes on Highway User Revenues 

Project Description. As currently formulated, HURM 
predicts highway user revenues generated by excise taxes, 
by motor fuel gallonage taxes, and by registration fees. 
Other types of taxes can also be used to generate highway 
revenues (e.g., ad valorem motor fuel taxes or taxing 
vehicle-miles traveled). By adding these types of taxes to 
HURM, it would be possible for users to predict revenues 
generated by these alternative forms of taxation. Thus, 
transportation planners would be able to estimate and 
evaluate the possible consequences of substantial changes in 
the highway revenue generating structure. 

Proposed Approach. HURM already predicts the 
amount of motor fuel purchased and total vehicle-miles 
traveled. To add these alternative forms of taxation to the 
model would involve modifying the current computer pro-
gram to read in the appropriate tax rates, calculate the 
appropriate tax revenues, and print out the new set of 

niques that are under development or developed recently 	predictions. 
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Additional Refinements to the Scrappage Rate and the 
VMT Adjusted Fleet MPG for HURM 

Project Description. Several refinements would be added 
to HURM that would aid in the usefulness of the model to 
address current issues. Currently, the scrappagc rate of 
old vehicles and the VMT adjusted fleet MPG are cal-
culated from historical trends. In other models of the 
automobile transportation system, similar values are de-
rived from economic theory and take into account human 
behavorial and transportation system factors. Better justi-
fied derivations of the scrappage rate and the fleet MPG 
ratio would aid in the validation of the model, and more 
accurate values of these ratios would improve the veracity 
of the predictions. 

Proposed Approach. A survey of current practice as to 
deriving such ratios would be carried out. Useful sources 
include the Wharton Auto Model and the Auto Sector 
Forecasting Model (used by the Congressional Budget 
Office). Appropriate techniques for estimating these ratios 
for historic and future time periods would be incorporated 
into HURM. Instead of the constant values currently used 
for these ratios throughout the predicting process, the 
appropriate estimated value would be employed in each 
year of the analysis period. (MDOT's revised HURM uses 
a distributed lag approach for scrappage rates.) The results 
attained after the inclusion of these refinements would 
be compared with the initial set of findings in order to 
gauge the effectiveness of these changes. 

Adapt SCRAM to Accept User-Specified Sinking-Fund 
Requirements, Investment Income, and Coverage Require-
ments and Interest Payments 

Project Description. The major limitation to the wide-
spread application of the SCRAM program is associated 
with the assumptions that have been encoded in the pro-
gram. Specifically, these assumptions are focused on the 
following areas: the sinking fund requirements for new 
bonds, the funds that earn investment income, the con-
straints imposed on the issuing agencies to ensure the 
repayment of bonds (coverage requirements), and the 
schedule of interest payments. For each of these, a very 
specific assumption has been encoded in the SCRAM 
program; and these assumptions, particularly the one 
regarding sinking fund requirements, are acceptable for a 
limited range of applications. Consequently, the extent of 
applicability is constrained by these assumptions. 

In order to enhance the applicability of SCRAM, the 
important assumptions can be isolated and the format of 
the program can be modified to allow the user to specify his 
own set of assumptions. 

Proposed Approach. The modification of SCRAM to 
change these assumptions would require a detailed analysis 
of the SCRAM program to make maximum use of the 
existing model. The important assumptions encoded in 
the program would be identified and modified to represent 
the assumptions in general terms. Sets of alternative 
assumptions would be formulated for each of the areas 
previously cited. The alternative assumptions would be 
coded and incorporated into the program, along with an  

option to allow the user to specify his own form of the 
assumptions. 

Couple HURM and SCRAM 

Project Description. The use of SCRAM can be sig-
nificantly enhanced by coupling it with HURM. Cur-
rently, a complete set of inputs—including forecasts of 
highway user revenue that may have been generated by 
HURM—is required to use SCRAM. By coupling SCRAM 
with HURM, the implications of alternative assumptions 
regarding future economic and energy conditions can 
be readily analyzed for their effects on debt finance and 
expenditures. The coupling of the two programs would 
accomplish the following efficiencies: (1) the coding of 
the outputs from the HURM program as inputs to SCRAM 
would be eliminated; and (2) multiple runs of the SCRAM 
program to analyze the effects of alternative revenue 
forecasts would be avoided. 

Proposed Approach. The linking of SCRAM and 
HURM could be readily accomplished through modifying 
the HURM program outputs to make printing operations 
and variable names compatible with SCRAM. The SCRAM 
program inputs would be adapted to ensure compatibility 
with HURM. Program control parameters would also be 
developed and incorporated in the programs, and docu-
mentation of the operating instructions would be prepared. 

Adapt SCRAM to Facilitate Sensitivity Analyses 

Project Description. The SCRAM program can be 
readily adapted to facilitate sensitivity analyses on the 
input variables in order to assess their influence on rev-
enues, expenditures, and debt service. By providing high 
and low estimates of input variables or other estimates 
representing specific alternative assumptions, a thorough 
analysis can be made of the implications of alternative 
futures, or the analysis can be conducted of statistical 
errors incorporated, for example, in revenue forecasts. 

Proposed Approach. The SCRAM program can be 
modified to simplify sensitivity analyses of the input 
variables by modifying input operations to readily accept 
alternative forecasts. Program control parameters would 
be developed and incorporated in the program to permit 
the sensitivity analysis. 

Projects to Apply, Test, and Document Additional Sketch 

Planning Techniques and Methodologies (Group 2) 

As noted in Table 12, 17 projects are envisioned in this 
category. The description and approach to each of these 
projects are presented in the following. It should be noted 
that these projects are not arranged in any order of 
importance. 

Simple Transit Ridership, Revenue, and Cost Forecasting 
Techniques 

Project Description. This project would test a set of 
simple analytic techniques that forecast ridership, revenues, 
and costs for local transit systems. These techniques 
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would be useful in estimating the subsidies required to 
maintain transit fares and services at particular levels, the 
impact of various types of transit fare and service changes, 
and the impact of future economic and energy conditions 
on transit. 

The forecasts would be used by states in making deci-
sions about the financial feasibility of possible statewide 
transit service standards, capital and operating assistance to 
local systems, and other state policies affecting transit. 

Proposed Approach. The preparation of a procedural 
guide of these techniques would draw on two primary 
sources: (1) analytical work done by New York DOT in 
which system ridership was predicated for alternative 
levels of fare and service (measured in transit vehicle-
miles), and (2) analytical work previously done by mem-
bers of the Project 8-18 staff as part of a study of energy, 
the economy, and mass transit for the U.S. Congressional 
Office of Technology Assessment (OTA). Also, other 
potential key resources for this project would be Pennsyl-
vania's guidelines (including forecasting techniques) for 
rural and small urban area transit planning and preliminary 
efforts of Massachusetts to forecast transit ridership in 
small urban areas. 

The OTA work results would be used to expand the 
New York models to account for more than just average 
fare and system vehicle-miles. For example, such factors 
can be accounted for in the analysis as off-peak fare 
decreases; changes in parking and gasoline prices, and 
unemployment rate; and system speed increases. 

The forecasting models would be designed for manual 
application using readily available data from local transit 
operators. To ensure that this condition is met, new 
Federal reporting requirements for transit operators will 
be investigated prior to the specification of the model. 

Multimodal Program Evaluation Methodology 

Project Description. This project would develop and 
apply a methodology for the evaluation of candidate multi-
modal programs that provides, insofar as is practical in 
the operational context, the following desirable charac-
teristics: (1) common evaluation measures across different 
modal programs to facilitate comparisons and tradeoffs, 
(2) comprehensive treatment of the most important factors 
involved in programming, (3) information of importance 
to all those involved in programming decisions (e.g., state 
budget office, governor's office, legislature, and top officials 
of transportation agencies), and (4) effective use of avail-
able data and techniques. 

A distinction should be made between this project and a 
project involving the use of an optimization technique or 
over-all weighting system. The latter type of project would 
make use of the results of the eviiluation that would be 
conducted as part of this project. 

Proposed Approach. A particular state would be 
selected that has multimodal programming responsibility 
within a single unit of a DOT. The state selected should 
already have available a reasonably thorough capability for 
separate program evaluation within each of the major 
programs and should be trying to integrate its programming 
function for all modes. 

The evaluation framework established would include the 
definition of evaluation measures satisfying the information 
needs of all key decision-makers. Methods would be 
specified for collecting and analyzing all needed data and 
providing the required evaluation measures for all candi-
date elements of programs. Methods used would include 
several simple sketch plan techniques such as described in 
the Phase I report. A work program would be developed 
assigning responsibilities for tasks, schedules, and man-
power requirements. An incremental approach would be 
taken that would provide in the first year the most compre-
hensive coverage of all feasible evaluation measures, relying 
on judgment and approximate evaluation measures as 
necessary. The results would be documented in a manner 
most useful to other states. 

Technique for Assessing Systemwide Tradeoffs Between 
Design Standards and Costs 

Project Description. This candidate project would test 
in another state (1) a computer program (developed by 
New York DOT) that estimates the cost of improving the 
state highway system to meet a predetermined set of 
standards, and (2) guidelines for using this program and 
other analytic techniques as part of a process to reduce 
standards in response to limitations on funds available for 
highway improvements. 

The input to the program includes a predetermined set 
of highway service standards and data on the condition 
and use of individual highway segments. The program 
identifies deficient highway segments, estimates the cost 
of improving each segment to meet the standard, sum-
marizes the costs on a statewide basis, and calculates the 
effect of changes in individual variables in standard on 
costs. 	-, 

New York DOT used this computer program, together 
with subjective judgments about the effect on highway 
system performance of reducing individual standards, to 
gradually lower standards to meet a fiscal constraint. 

Proposed Approach. A program listing and a description 
of the program logic have been obtained from New York 
DOT. Unless a careful examination of the program indi-
cates problems, it is anticipated that no major effort would 
be required to refine the cost estimating techniques. 
However, a problem might arise if a candidate state's 
highway system data are inadequate or in a format not 
consistent with the input data requirements of the New 
York computer program. 

Also, it would be necessary to prepare guidelines for 
estimating performance impacts of reducing individual 
standards. For some impacts, it may be useful to add 
subroutines to the New York computer program to cal-
culate performance indices. For example, Pennsylvania 
has a computer-based technique for estimating the time and 
operating cost penalties to highway users of deficiencies. 
Linking the Pennsylvania and New York programs could 
provide tradeoff information on alternative sets of stan-
dards, enabling determination of the cost-effectiveness of 
individual highway projects and the aggregate benefits of 
highway improvement programs. 
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Composite Mapping System (CMS) 
	

Transportation Needs Estimate for Elderly and 
Handicapped 

Project Description. The Composite Mapping System 
(CMS) is a large-scale computer software package de-
signed for graphk representation of socioeconomic and 
physical information over large or small areas. CMS can 
accept inputs of any form—tabular, printed maps, or 
sketch maps. The outputs are cartographic and statistical. 
It permits spatial data to be overlaid, with various weights, 
and readily composed into simulated patterns called 
"composite maps." Its initial application was to display 
social and economic data for the Department of Commerce 
to facilitate its allocation of Economic Development 
Administration funds throughout the nation. Subsequently 
CMS was used on a statewide level in Arizona and 
Colorado and on a regional level by HUD Region VII. 

Proposed Approach. The CMS software is available for 
the UNIVAC 1108 and CDC 6400 computer hardware. 
The CDC version of CMS with documentation is available 
from the Federation of Rocky Mountain States. Since 
many states have IBM systems, efforts are underway to 
convert CMS to IBM equipment. This can be documented 
and provided to all interested states. 

Rail-System-Planning Methods 

Project Description. This project would document and 
make available the most useful experience from states that 
have recently developed and applied techniques in state 
rail system planning. Most of the 17 midwestern and 
eastern states directly affected by the Regional Rail Re-
organization Act of 1973 have completed an intensive 
analytical effort culminating in the preparation of state rail 
plans in late 1975. These plans had to show that branch 
lines to be subsidized with federal aid were justified, based 
on a benefit-cost evaluation, taking into account "lost jobs, 
energy shortages, and degradation of the environment." 
In addition to the branch-line evaluations, many states 
performed a variety of complex analyses of their rail 
networks and major components thereof. 

This experience will be useful for states in other regions 
as well as in the 17-state Conrail region in several ways: 
(1) when future abandonment cases arise, (2) for con-
sideration of continuing subsidy beyond the two years 
provided for in the Rail Act, (3) as part of comprehensive 
multimodal statewide planning programs, and (4) to 
respond to possible future legislation making Federal-aid 
funds available nationwide for rail improvements or 
operating subsidies. 

Proposed Approach. Contacts would be made with 
several sources to better define the need and best sources 
of additional information. These sources would include 
FRA, the staff who worked with the U.S. Railway Asso-
ciition in preparing the Final System Plan, Conrail, and 
selected additional states. Additional state rail plans and 
other source material would be assembled and analyzed. 

Documentation would be provided on experience with 
data collection methods, cost-benefit analysis, economic and 
social impact evaluation, and all other important planning 
activities of potential value to other states. 

Project Description. This project would provide a pro-
cedure for considering the transportation needs of the 
elderly and handicapped, suitable for integration into the 
statewide transportation planning process. The technique 
would determine the magnitude of markets and costs for 
various types of service improvements. Based on the cost 
and benefits to riders, as well as to the system, the most 
attractive alternative can be selected for each community. 

Proposed Approach. A procedural manual would be 
developed for this project. It would draw on two major 
sources: (1) the study by the Maryland DOT in association 
with the University of Maryland and The Johns Hopkins 
University, and (2) the study by UMTA and TSC for 
U.S. DOT. 

The MDOT study developed techniques for identifying 
transportation submarkets and the potential and priority of 
areas by intensity of need for services. The study for U.S. 
DOT identified costs and benefits of service improvements. 

The procedural manual developed would be tested in an 
appropriate state. 

Statewide Activity Allocation Model (SAAM) 

Project Description. SAAM is a policy-sensitive eco-
nomic activity allocation model that provides information 
to assist state decision-makers in evaluating the impacts of 
alternative transportation and land-use policies. SAAM 
is a Lowry Model descendant that incorporates entropy-
maximizing allocation functions and a mover/nonmover 
stratification scheme proposed by A. G. Wilson. SAAM 
also includes population holding capacities and service 
employment minimum thresholds (or control place fac-
tors). The model is designed to accept input requirements 
available to most state planning agencies. The output 
information includes simultaneous estimates of travel 
demand (origin-destination) and population, employment, 
labor force, residential density, auto ownership, and median 
family income for each small area of the state. 

Proposed Approach. This land-use transportation model 
has been calibrated in the State of Connecticut by the 
research team. The documentation of the model, including 
its description and the user's manual, is complete. How-
ever, the model must be tested further and applied in 
another state. This model includes four submodels, two of 
which are based on regression analysis. These two sub-
models need to be calibrated so that they may be applied 
in any state. 

Emissions and Air Quality Projection Methodologies 

Project Description. Three specific methodologies are 
included in this project: (1) the Emissions Forecasting 
Methodology (developed by California Air Resources 
Board) that provides future year emissions for both mobile 
(highway, transit, rail, and air modes of transportation) 
and stationary (power plants, etc.) sources; (2) the Emis-
sions Projection Methodology (developed by Environ-
mental Research and Technology) that provides quick 
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evaluation of land-use patterns in the plan development 

stagc—thc methodology is based on the use of annual 

emissions per unit area for each land-use category (or 

emissions per unit activity in the case of motor vehicles); 

and (3) the Proportional Model, which related emissions 

to air quality, assuming a linear relationship between the 

concentration and the emissions rate of the pollutants. 

Proposed Approach. These methodologies appear to be 

potentially useful for estimating gross, state level, air 

pollution impacts of alternative transportation and land-use 

plans. The second methodology has been applied in the 

Hackcnsack Meadowlands area in New Jersey; whereas, 

the other two methodologies have been applied in the 

State of California. A procedural manual would be devel-

oped using the references available, and application of the 

methodologies would be made in a state other than Cali-

fornia (California emission standards are different from 

other states). 

The test application would result in the evaluation of 

the projection methodologies and may result in generalized 

emission factors, eliminating the need for development of 

new factors for every application. 

Air Carrier Demand Distribution 

This technique involves the use of a modeling procedure 

to distribute passengers among airports in the Baltimore! 

Washington region for several airport development and 

accessibility alternatives. The procedure develops aircraft 

schedules based on preliminary demand forecasts at each 

airport and then redistributes passengers using an iterative 

process. This procedure takes into account airside capacity 

limitations but does not reduce access travel speeds in 

response to increased congestion. A logit travel demand 

model combines travel times and costs into a single index 

of disutility (for a particular airport and trip) and dis-
tributes passengers among airports. 

This procedure is potentially very useful in metropolitan 

areas with competing airports or considering construction 

of an additional major airport. However, the number of 

situations where the procedure could be usefully applied 
is somewhat limited. 

Aviation System Cost-Eflectiveness A nalysis Technique 

Project Description. This project would test in another 
state the methodology used in 1974 by the State of Oregon 

and by Peat, Marwick, Mitchell and Company to develop 

a plan for general aviation airport improvements within 

the State of Oregon. The method includes: (1) com-

pilation of data on general aviation airports, operations, 

and proposed improvements at general aviation airports 

in the State; (2) a cost-effectiveness analysis to judge 

whether airports and improvements should be included in 
the Oregon Aviation System Plan; and (3) recommenda-

tions for additional financing. 

The output of the method is a candidate statewide plan 

of state system general aviation airports, recommended 

improvements, and financing recommendations. 

Proposed Approach. A procedural guide would be pre-
pared, showing other states how to compile the necessary  

data and choose a cost-effectiveness model with appro-

priate parameters. Oregon's implementation experience, 

since publication of their Aviation System Plan in 1974, 
would be fully documented. 

The methodology is appropriate for sketch planning but 

requires the development of good information on likely 

costs and performance measures. The availability of 

consistent comparative information would make the cost of 

implementation reasonable. Without such information, 

considerable data gathering and engineering cost estimates 

would be necessary before results could be obtained. 

Documentation of this work in Oregon is sufficient to 

allow similar methodology to be used elsewhere with 
adaptations desirable for another state. 

Evaluation Reporting Methods in the Plan Development 
Process 

Project Description. One problem in statewide plan 

evaluation has been putting evaluation information into 

a format that clearly communicates issues and choices. 

In some of the states visited, much evaluation information 

was generated but was not communicated to, or not used 
by, decision-makers and the public in developing their 

views on the plan alternatives. 

A well thought-out statewide planning process is a pre-

requisite to a valid examination of the appropriate role of 

sketch plan techniques in the successful development of a 

state transportation plan. Several states presently develop-
ing or updating state transportation plans are using a 

systematic and comprehensive process of alternatives 
development, analysis of effects, citizen participation, and 

evaluation. For example, a plan development process has 

been outlined, work programs have been prepared, and 

divisions of responsibility agreed upon between the plan-

ning, programming, and modal implementation units by 

the Oregon Department of Transportation. 

The planning process being implemented by Oregon 

includes 20 steps in the over-all system planning/system 

programming process that precedes modal project imple-

mentation. The process deals with goals; issues; criteria; 

social, economic, environmental, and land-use information; 

transportation technology; identification of transportation 

corridors and problems; and the development and évalua-

tion of plans and programs. 

Proposed Approach. A guide would be prepared de-

scribing evaluation formats and reports useful for com-

municating sketch-plan-evaluation information, focusing 

principally on the means of communicating that informa-

tion about choices to decision-makers, the public, and 

other staff groups. 

Since a well thought-out over-all plan process has been 

developed by some states, an opportunity exists to examine 

the means through which the steps in the planning and 

evaluation process are communicated to others. Formats 

and techniques for communicating information about 

policies, issues, and plan alternatives would be developed 

for state staff to use in all steps where evaluation informa-

tion is to be communicated. These sketch-plan-evaluation 

techniques will rely on textual, visual, and verbal 

information. 
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TSM/TCP Technique for Packaging Transportation 
Actions 

Project Description. Common guidance is needed to 
assist the states and metropolitan planning organizations 
(MPO's) in formulating and evaluating transportation 
actions related to transportation system management 
(TSM), transportation control plans (TCP's) required 
under the recent regulations issued by FHWA/UMTA/ 
EPA. The state interviews showed that states and MPO's 
often went their separate ways on this issue. What appears 
to be needed is guidance on how TSM's and TCP's should 
be formulated for input to a transportation improvement 
program (TIP) and what role the states and MPO's should 
play in providing information to assist in the process. The 
guidance should take the form of (1) a methodological 
approach on the range of transportation actions possible, 
the interrelationships of TSM's and TCP's to the TIP and 
to state energy conservation plans and other programs; (2) 
ways that transportation actions can be packaged; (3) 
specific tools for areawide and microassessment of pack-
aged and individual TSM/TCP actions; and (4) criteria/ 
standards to assist with evaluation. 

Proposed Approach. An approach to carrying out this 
project would be to confer with FHWA, UMTA, and EPA 
to see what, in detail, they will be funding with respect to 
research. FHWA, for example, has programmed research 
in measures of effectiveness (MOE's) for TSM-type 
actions. EPA has funded preparation of a policy-oriented 
information manual for assessing TCP-type actions. The 
northcentral Texas COG is developing a handbook for 
assessing transit-related TSM actions. The FHWA/UMTA 
is funding projects to synthesize the state of the art in TSM 
analysis and planning. Care would be exercised to coor-
dinate these efforts . After this consultation, states that were 
experiencing difficulty in the TSM/TCP process would be 
identified and approximately two would be selected as test 
sites to carry out the research project previously described. 
The product of the effort would be a report providing 
guidelines on the first three items listed earlier. 

Freight Transportation Demand Analysis 

Project Description. This methodology forecasts the 
demand for freight by three modes—rail, truck, and 
barge. Using the product of an input/output analysis, the 
methodology provides the following information: trans-
portation expenditures by mode for 14 manufacturing 
sectors; tons of freight by rail, truck, and barge; ton-miles 
by rail and truck; intercity VMT for truck; and intracity 
VMT for truck. 

Proposed Approach. The methodology was developed 
for the State of Kentucky. A procedural manual would 
be developed based on the available references, including 
NCHRP Project 20-17, and then tested in a candidate 
state. The application of this methodology would require 
an input-output analysis. 

Combine Performance Eflectiveness Analysis with Project 
and Program Monitoring System 

Project Description. This candidate project would in-
tegrate into a single analysis package computer techniques  

for developing and listing cost-effective plans and programs 
and procedures for monitoring how well current agency 
expenditures are leading towards implementation of such 
plans and programs. 

This work could be done as an adjunct to work on 
further development of sketch planning methods of cost-
effectiveness or performance effectiveness analysis. 

Proposed Approach. The primary sources for develop-
ment of these techniques would include the work for the 
Province of Ontario, the cost-effectiveness and project 
rating programs developed or under development by sev-
eral states, and the Utah Project Management System. 

Alternatively, program monitoring could be done manu-
ally and fed into the rating process as another factor 
representing current estimates of uncertainty in terms of 
project costs and completion dates. 

Project Management System 

Project Description. Utah's computerized Project Man-
agement System keeps track of planned versus actual 
progress on Utah's federal-aid highway programs. The 
system monitors man-days spent on each project and 
current expenditures on each project. This enables top 
managemnet to keep up-to-date on how manpower and 
dollar resources are being expended. The information pro-
vided by the system is critical to management efforts to 
maximize over-all program benefits by keeping track of 
whether particular projects are remaining within their 
intended scope and budget. 

Proposed Approach. The Utah Project Management 
System would be implemented by another state, drawing 
heavily on interaction with Utah staff in order to provide 
guidance. In addition, interaction might be necessary with 
the consultant personnel who assisted Utah in the devel-
opment of the information system. 

At the time of initial visits to Utah (January 1976), 
the Project Management System was not completely 
operational because of computer program difficulties. It is 
not known at this time whether or not the system can be 
guaranteed to be fully operational for adaptation by 
another state. Legal proprietary issues of computer pro-
gram use have not been researched by NCHRP Project 
8-18 staff. 

Technique to Relate Level of Service and Mobility to 
Transportation Actions 

Project Description. With TSM and TCP analysis 
requirements there is a need for MPO's to consider the 
level of service and mobility impacts of a wide range of 
transportation packages. These transportation packages 
will contain actions ranging from measures to increase 
car and van occupancy to measures to improve traffic 
flow. Information and methods from case studies, simula-
tion studies, and inventories need to be synthesized in 
order to ascertain the mobility and level of service changes 
that may occur when these transportation packages are 
introduced. 

Proposed Approach. A literature review would be made 
and information from on-going TSM and TCP studies 
would be obtained. Based on this information, important 
measures of mobility and level of service would be 
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identified, including not only general measures, such as 
highway operating speeds, but also measures that may be 
important to groups with special mobility problems. A 
series of case studies would then be conducted to determine 
the impacts of various TSM and TCP actions in terms 
of the identified measures. Particular emphasis would be 
placed on identifying the specific features of these actions 
and the urban context in which they are or would be 
implemented so that the results of these case studies can be 
more readily applied to other areas. 

Technique to Relate Emissions and Fuel Consumption to 
Statewide Maintenance Practice 

Project Description. With revenue shortfalls in many 
of the states, there is a need to consider policies on de-
ferring maintenance actions. The implications and conse-
quences of maintenance actions therefore need to be 
considered. A synthesis paper is to be prepared as part 
of NCHRP Project 20-5. In addition, the FHWA is 
sponsoring research on the relationship of emissions and 
fuel consumption to vehicle operations and highway 
geometry. It appears reasonable to combine these two 
efforts to produce a sketch planning technique to assess 
the emissions and fuel-consumption effects of deferring 
certain maintenance actions at a statewide level. 

Proposed Approach. A literature and work-in-process 
survey would be made to list the range of maintenance 
deterral actions and their effects on level of service and 
torque (the two main parameters affecting fuel consump-
tion and emissions). A method to quickly assess the impli-
cations to the road users and agencies would then be 
developed. The methodology would be reviewed and tested 
in approximately four states to explore its utility under 
variations in weather conditions and facility type. The 
results of the testing would be incorporated into the 
manuals and distributed to potential state users. 

Research Projects to Develop New Materials and 
Algorithms (Group 3) 

This group consists of four projects, as listed in Table 12. 
These projects require substantial development work and 
resources. They were, however, identified as needed tools 
by the states interviewed during Phase I of the study and 
the test states in Phase II. 

Develop a New Linear Programming Module for the PPS 

Project Description. Experience in Maryland has shown 
that MPSX, the IBM optimization package used in PPS, is 
not only difficult to obtain, but is possibly also overly 
sophisticated for the needs of the PPS. Development of a 
new linear programming module would make the PPS 
completely self-contained and should reduce total com-
puter time required to make a programming run. 

Proposed Approach. There are a substantial number of 
programs available, in the public domain, to apply the 
simplex algorithm to solve a linear programming problem. 
These computer programs differ in their capacity (variables 
and constraints), I/O characteristics, and computational 
features designed to take advantage of unique mathematical  

aspects of various classes of LP problems. An overview 
survey would be made of such procedures to determine if 
any are more suitable than MPSX for use in the PPS. 
Consideration would also be given to developing a new 
module. 

The decision to adopt or to develop a new module would 
be based on estimated time and cost, and on likely com-
patibility of the modified PPS with a wider range of hard-
ware and data options. Programming and testing would 
then be carried out. 

Develop a Transport Policy-Sensitive Statewide Activity 
Allocation Model 

Project Description. Energy-related shifts in industry, 
growth of medium-sized urban areas, and desire to control 
coastal zones and other environmentally sensitive areas 
are among the many problems of land use and develop-
ment facing states. A multisectional activity allocation 
model—sensitive to policy-level issues of transport systems 
operation, pricing, and configuration—would permit trans-
port policy to be used more effectively as an instrument for 
influencing development. 

The model should be able to deal with employment and 
residential activity, including recreational development, and 
should be able to interface easily with existing state plan-
ning procedures. 

Proposed Approach. Earlier work conducted in this 
stage would be updated to provide a current picture of the 
policy issues to be addressed and functional requirements 
to be met by the model. The review of models applied on 
a statewide or national basis would be updated, and a set 
of specifications for the model would be prepared. 

The specifications would be reviewed with a selected 
set of state departments of transportation and economic 
development. Modifications would be made, as appro-
priate, on the basis of comments received. 

Model development would be conducted jointly with a 
state agency, and contact would be maintained for review 
and suggestions with other states. The participation of 
several states would assure that the activity allocation 
model is useful for addressing a broad range of policy 
analysis requirements. 

Develop a Policy-Sensitive Statewide Multimodal Goods 
Transport Model 

Project Description. Problems of rail-line failures, short-
ages of highway funds, and the gradual shift of federal 
policy toward integrated analysis of transport problems 
make it increasingly necessary that a state be able to 
assess policy options on a multimodal basis. This necessity 
is especially acute in goods transport, which is a major user 
and supporter of the state's system. 

The model would be developed to deal with multimodal 
issues, and should be able to reflect the differing needs of 
major commodity groups within the state's economy. The 
level of detail should be such that major policy questions 
may be addressed with major costs. To the extent possible, 
the model should be able to derive its input from existing 
statewide data. 
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Proposed Approach. A survey of recent experience with 
modeling of goods transport on a statewide or nationwide 
basis would be conducted to update the work done previ-
ously in this project. A more detailed critique of available 
models would be prepared, with specific reference to 
multimodal and policy-level sensitivity. 

At the same time, interviews would be conducted with 
selected state departments of transportation to update and 
detail the previous survey of questions facing the depart-
ments, related to goods transport. From this updated 
detailed survey, a set of explicit criteria/ specifications 
would be prepared to be used in developing the model. 

One or two states would be selected to provide data 
for use during model development. If resources permit, 
it would be preferable to work with two states, one during 
model development and one for independent testing of the 
model. Experience gained in these two states would be 
used in preparation of a policy-oriented user's manual. 

Methodology for Predicting Statewide Economic Impacts 
of Varying Funding Levels 

Project Description. This project was developed to 
provide states with practical methods for evaluating the 
economic consequences of prospective major program 
components or entire programs. The need for this analysis 
capability takes a different form in different states, but it 
is one of the most common needs expressed in the survey 
of state planning and programming experience. To a large 
extent, this need is based on experience in interacting with 
state budget offices, legislators, governor's offices, and 
the public in trying to either demonstrate the need for 
additional funds to sustain the transportation improvement 
program in the face of a severe financial squeeze, or 
demonstrate that cutbacks in funding will have serious 
consequences on the state's economic health. 

As more and more states seek to use general revenues or 
increase earmarked taxes, the need for information on 
economic benefits of transportation programs grows. 
Efforts to integrate the programming process for different 
modal programs also contribute to the need for economic 
impact information as a common evaluation yardstick. 

Proposed Approach. A comprehensive economic evalua-
tion methodofogy does not exist and its development is 
beyond the scope of this research project. Development of 
a comprehensive economic evaluation methodology, cover-
ing all major economic effects beyond the direct user 
effects, should be identified as a major future research 
need. 

The emphasis would be on practical applications that 
produce major needed economic information. Attention 
would be focused on predicting impacts on a small number 
of major industries, in a state, that are most substantially 
affected by changes in the transportation system. Available 
economic data would be used to identify these industries. 
They would be analyzed to assess their dependence on 
each mode of transportation in terms of costs and pro-
portion of expenditures; relative importance of reliability, 
safety, and perishability; the role that capacity or con-
gestion plays; and the role that transportation plays in 
competition among firms in different locations. 

Changes due to transportation would be measured in 
terms of employment and dollar volume of business and 
effects on consumer prices. Transportation system changes 
to be investigated include effects of reduced maintenance 
expenditures on costs of truck operations, costs of changes 
in congestion levels due to system improvements or lack 
thereof, and effects of changes in user charges. 

This project should be coordinated with NCHRP 
Project 8-I 5A, "Economic Impacts of State Transportation 
Policies and Programs," to avoid duplication of effort. 

APPENDIX A 

MANUAL FOR THE HIGHWAY USER REVENUE MODEL 

INTRODUCTION 

The Highway User Revenue Model (HURM) was 
developed by the Maryland Department of Transportation 
(MDOT) using an initial econometric structure based on 
the research conducted by Dr. James L. Sweeney for the 
U.S. Federal Energy Administration. HURM was designed 
to assist the Department in preparing short-run (5-year) 
highway-user revenue forecasts. The model forecasts the 
highway user revenues of motor vehicle registration fees, 
motor vehicle fuel tax collections, and motor vehicle excise 
tax collections. 

HURM has two complementary uses. First, the model 
forecasts short-run highway-user revenues for a given set 
of economic and energy conditions. Secondly, it provides 
a relatively inexpensive framework for analyzing the 
effects of alternative economic and energy conditions on 
these revenues. 

In order to identify the advantages and drawbacks of 
employing HURM, a field test was conducted in Kentucky. 
The general structure of the model was retained, but 
revisions were made so that it would replicate the con-
ditions in Kentucky more appropriately. 
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This manual describes the model structure, installation 	Purpose 

procedures, and operating structures for HURM developed 	The model forecasts the highway user revenues of 
by MDOT. In all areas where revisions were made to the 	registration fees, gasoline tax collections, and excise tax 
model during the field test in Kentucky, the initial situation 	collections for each year in the analysis period: Values for 
is fully delineated and the problems encountered by the 	several variables must be supplied for each year in order 
field test and the solutions used are described, 	 to develop the revenue forecasts. These variables include 

MODEL 	 OUTPUT 

VARIABLES 	 REVENUES 
INPUT 
DATA 

REAL INCOME (Y/C) 

I UNEMPLOYMENT (U) 

I 	 POPULATION (P) 

AGE ADJUSTED CAR STOCK (0) 	r 

I 	EXCISE TAX RATE (ETR) 

I 	SCRAPPAGE RATE (A) 

REAL INCOME (Y/C) 

I UNEMPLOYMENT (U) 	j.. 

I POPULATION (P) 

AGE ADJUSTED CAR STOCK (0) 

I AVERAGE REGISTRATION FEE (AREG) 

	

NEW CAR I 	
]

EXCISE TAX 

	

SALES (C2)' I 	 COLLECTIONS (H) 

TOTAL 
NEW CAR 	VEHICLES 	REGISTRATION FEE 

SALES (C2) 	IN THE 	COLLECTIONS (X) 
FLEET (V) 

FUEL EFFICIENCY STANDARD!(R) 	
-1 NEW CAR SALES

WEIGHTED MPG (Q)FLEET

GASOLINE PRICE (G) 	 AVERAGE 

MPG (M) 

	

REAL INCOME (Y/C) 	 _______
EWCARN 

 SALES (C2) 
UNEMPLOYMENT (U) 	

VEHICLE MILES 

	

AGE ADJUSTED CAR STOCK 	
1O_AVEL_(Vi) 

I 	POPULATION (P) 

TIME COST OF TRAVEL (TM) 

GASOLINE TAX RATE (D) 

Figure A-i. General information flow for HURM. 

GASOLINE TAX 
COLLECTIONS (z) 
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such items as population, average annual disposable in-
come, the unemployment rate, and a measure of technical 
fuel efficiency of autos, among other variables, all of which 
must be specified for the user state—although, in many 
cases, national averages can be used. Figure A-i shows 
the general information flow for HURM. 

HURM has two primary uses in financial analysis: 

It forecasts short-run highway-user revenues based on 
real-world influences, such as unemployment and auto-
fuel efficiency. 

It is a relatively inexpensive means of assessing the 
sensitivity of highway user revenues to economic and 
auto transportation variables. 

The first and most obvious use of HURM is in producing 
forecasts of highway user revenues that are sensitive to 
economic and energy conditions. Forecasting techniques 
that were appropriate for relatively stable economic periods 
tend to rely in some cases on fairly simple trend projections 
and may be too crude to take into account current and 
future diverse influences on highway use and revenues. 
During the calculation of the revenue forecasts, several 
other variables are estimated that may be of use to state 
transportation and energy agencies. These variables include 
statewide vehicle-miles of travel, fleet size, new car sales, 
the over-all fuel consumption rate for the fleet of new cars 
sold, and the over-all fuel consumption rate for the entire 
fleet of cars on the road. 

The second use of the model is of particular value in 
periods of economic and regulatory uncertainty such as are 
expected to continue through the next decade. The rela-
tively low cost of making successive forecasts with HURM 
allows the user to bound the uncertain variables and make 
high, medium, and low forecasts of resulting revenues. For 
example, alternative revenue forecasts may be made by 
varying the assumptions about gasoline price or disposable 
income in a user state. These forecasts can then become 
the basis for developing high- and low-level transportation 
programs. 

Many states already are attempting to develop alterna-
tive transportation programs of this type as a result of 
recent revenue shortfalls and uncertainties about future 
economic and energy conditions. However, the available 
financial analysis tools, many of which were developed for 
more stable economic periods, may be inadequate for less 
stable periods like the present. States that are experi-
encing such a problem may find HURM to be a useful 
addition to their financial analysis tools. 

Background 

A field test of HURM was conducted for Kentucky. By 
calibrating and applying the model for a different state, the 
strengths and weaknesses of the original model formula-
tion have been identified and improvements made. 

Data were gathered that described historic, economic, 
and energy conditions in Kentucky and the nation, and an 
attempt to calibrate HURM using the precise structure of 
the Maryland model was made. Problems with the initial 
formulation were identified, and alternative formulations 
were proposed and tested that conform with economic  

theory and that portrayed Kentucky relationships in the 
most accurate manner possible. The model was then used 
to portray forecasts resulting from several different sets of 
possible economic and energy conditions. 

During the process of calibrating, installing, and using 
the model, many of the benefits and disadvantages of 
HURM were noted. The problems encountered during 
this process are described later, as are other solutions that 
could be employed. 

Organization of the Manual 

The manual first describes the model structure. An over-
view of the model operation is presented, followed by a de-
tailed description of the model. Each step in the model is 
portrayed in terms of the rationale behind it, the means by 
which it can be accomplished, and the alternative em-
ployed in the field test for Kentucky. This is followed by 
an assessment of the capabilities of the model as found 
during the field test for Kentucky. 

In order to produce forecasts, data must be collected, 
the computer program installed, and the model calibrated. 
This manual includes guidelines for assembling the input 
data, a description of program installation, and a listing of 
operating instructions. A description of a sample applica-
tion portrays the results of seven alternative highway-user 
revenue forecasts obtained during the field test for 
Kentucky. 

THE HIGHWAY USER REVENUE MODEL 

A computer program has been written incorporating 
the HURM forecasting model. HURM is embedded in the 
algorithm that facilitates its effective use and can be di-
vided into four basic components. Program listings are 
shown in Figures A-5 and A-6. 

The first portion of the program reads and stores all of 
the series of input data that are required by the model for 
producing the set of revenue forecasts. 

The second portion of the program simply initializes 
several variables using values for the current year. These 
values are required for forecasting revenue in the first year. 

The heart of the forecasting model lies in the third sec-
tion. Here, the revenue forecasts for the first year are 
generated by sequentially solving a set of equations. (In 
the original equations formulated by Dr. Sweeney, the 
equation forecasting new car sales included a VMT term 
that required a simultaneous solution technique to be ap-
plied. The MDOT authors note that the equations might 
ideally be better solved by using a simultaneous solution 
technique, such as two-stage least squares. However, no 
research work was completed by Maryland using this ap-
proach. The VMT term was not included in the new car 
sales equation, thereby avoiding the need for a simulta-
neous solution. The MDOT researchers suggest VMT is 
a redundant variable in this equation since the concept of 
use that implies deterioration is already incorporated in 
the scrappage and fleet age adjustment factors.) The fore-
casts for all subsequent years are generated by solving 
these equations sequentially over the length of the analysis 
period. As a part of the calculation, forecasts are made 
for vehicle-miles of travel, fleet size, new car sales, sales- 
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weighted miles per gallon, and fleet-miles per gallon. Gas 
tax collections, motor vehicle registration fees, and excise 
tax collections are calculated using these forecasts. 

The program outputs are produced by the last section. 
The entire input data series, the revenues forecasts, and 
several of the variables that are calculated by the model 
during execution are included in the printout. 

The program also incorporates an option for producing 
several successive sets of forecasts during the same execu-
tion. For each succeeding set of forecasts after the first, 
the user has the option of selectively modifying any of the 
series, thereby enabling him to make several projections 
with slightly modified data. This is important when using 
the model to conduct sensitivity analyses of the relation-
ship between revenues and changing real-world conditions 
reflected by the input data series. 

Detailed Model Description 

This description of the operation of HURM is divided 
into four parts along the same lines as the overview of the 
model operation: input, initialization, calculation of fore- 
casts, and output. 	- 

In put 

In order to use HURM, the user must specify values for 
each year that a forecast is desired for all of the variables 
listed in the following. Each of these variables, with the 
exception of YR, N, and TADJ, are implicitly defined as 
an annual average for the user state, and must be specified 
for each year, i, in the analysis period. Clearly, though, 
it is unrealistic to assume that for some of them a more 
appropriate value than the national annual average can be 
reliably specified. (For more information on assembling 
the input data, see section under "Guidelines for Assem-
bling Input Data"). 

YR=The first year of the analysis period 
NThe number of years in the analysis period (the 

limit is 25 years as currently programmed) 
TADJ==Average annual growth rate of truck registration 

fees per auto—only used in the field test in Ken-
tucky (Maryland now splits truck registration 
revenue forecasts from the automobile forecasts) 

C=The consumer price index 
G=Major brand retail regular gasoline pump price 

including all state and federal taxes 
P=Population 
S= Average speed of autos on rural highways 
U=Unemployment rate 
W= Hourly average wage rate 
Y= Disposable income 
D= State gasoline tax rate expressed in cents! gallon 
E= Auto efficiency index (not included in the field 

test in Kentucky because of difficulty in fore-
casting) defined as follows: The auto efficiency 
index is derived from EPA's research on fuel 
economy and the factors, such as weight, that 
affect an auto's fuel efficiency. The data used to 
construct the index are based on EPA-reported 

tests of automobile fuel efficiency relating fuel 
economy (in mpg) versus inertia weight, 1W, to 
equal an annual fleet constant. The fleet con-
stants were indexed using 1974 as the base year 
and projecting future values of the index for the 
analysis period based on published EPA expec-
tations. 

R= Auto fuel efficiency standard (optional) defined 
as follows: The users may elect to specify an 
auto fuel efficiency standard (mandated mini-
mum fuel consumption) for the new car fleet in 
each year of the analysis period. (The EPA 
standard is the mandated production weighted, 
fleet average efficiency for new cars under the 
existing EPA technical test standards. The MDOT 
authors note that the inclusion of the EPA stan-
dards may overstate the fleetwide (new and used 
cars) average efficiency trend. This observation is 
due to the assumptions that the market shares 
of new auto purchases will remain constant be-
tween subcompact, compact, and intermediate and 
that the EPA new car fuel efficiency standards 
will be maintained over the life of the vehicle. 
Thus, gasoline forecasts using these assumptions 
will underforecast gasoline consumption.) If the 
user does specify an efficiency standard, the new 
car sales, weighted miles per gallon, which is 
forecast by the model, will be overridden if it does 
not meet or exceed the efficiency standard. The 
user may elect not to specify any efficiency stan-
dard, in which case the sales weighted miles per 
gallon as calculated by the model will be used. 

ETR= Excise tax rate 
ARFF=Auto registration, fee rate adjustment factor de-

fined as follows: The auto registration, fee rate 
adjustment factor is used to calculate the effects 
of modifying the auto registration fee rate by 
any specific percentage. 

Initialization 

Once the input data have been read and stored, several 
variables must be initialized. These variables are used in 
the calculation of revenues for the first year and are the 
actual values for these variables for the last year before 
the analysis period. For all subsequent years, the values 
for these variables are either provided as input data or ob-
tained from model calculations that will be discussed in 
the next several pages. (The variable subscript numbering 
used in the following and in the program is advanced by 
one year. For example, the variable P5  is the population 
in the fourth year of the analysis period, and the variable 
P1  is the population in the last year immediately preceding 
the analysis period.) Once again, all values represent 
statewide annual averages insofar as state data are avail-
able. The variables that are initialized include: 

01=Age-adjusted passenger car stock (Note: The age-
adjusted passenger car stock and weighted fleet-miles 
per gallon are model variables used to calculate the 
average miles per gallon of the fleet as a whole. The 
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age-adjusted passenger car stock is defined as the 
average auto fleet size adjusted to reflect the relative 
use of old and new cars. Similarly, the weighted 
fleet-miles per gallon is defined as a measure of the 
fleet fuel economy (mpg) that is weighted according 
to both the number and relative use of cars having 
different fuel consumption rates. Precise definitions 
and methods for calculation are contained under 
"Model Calibration.") 

T1=Weighted fleet miles per gallon (see preceding note) 
V1=Total auto fleet size (number of vehicles) 
P1= Population 
W1=Wage rate 
S1=Average speed 
U1=Unemployment rate 
M1=New car sales, weighted miles per gallon 
D1=Gasoline tax rate 
Y1=Disposable income 
G1=Major brand, retail, regular gasoline pump price in-

cluding all state and federal taxes 
C1=Consumer price index 
H1=Excise tax collections 

B 1 2=Old car weight product (The old car weight product 
is a model variable used in the calculation of excise 
tax collections, and the value initialized here, B12, 
is for the first year of the analysis period. It is equal 
to the number of cars In the fleet multiplied by the 
average car weight. Procedures for calculation of 
old car weight product and excise tax collections can 
be found under "Model Calibration.") 

Z1=Gasoline tax collections 
X1= Registration fee collections 

Since the model prints revenues for both calendar and 
fiscal years, the initial values for revenues specified here 
are used to calculate fiscal year revenue for the first year. 

Calculation of Forecasts 

HURM uses a sequential algorithm to calculate highway 
user revenues for each year in the analysis period. The fol-
lowing discussion describes the steps the model uses to 
calculate revenues for any given year. Descriptions of pro-
cedures and data sources used to estimate factors and per-
form regressions are described under "Model Calibration." 
Each dependent variable is explained in terms of its role 
in the model calculations. The specific functional form em-
ployed in the Maryland model is set forth; it is followed by 
a description of the functional form of the equation used in 
the field test in Kentucky. 

New Car Sales, Weighted Miles Per Gallon 

The first variable estimated by HURM is new car sales, 
weighted miles per gallon. The fuel efficiency of the fleet 
of cars sold in a given year is based on the price per gal-
lon of gasoline in the preceding year, real disposable in-
come, and technical measures of auto efficiency. (C. Difig-
ho and D. Kulash, "Methodology and Analysis of Ways of 
Increasing the Effectiveness of the Use of Fuel Energy Re-
sources: Increasing Automobile Fuel Economy Via Gov-
ernment Policy," presented to the U.S.-USSR Joint Energy 

Committee: Information and Forecasting, October 1977. 
This study developed an aggregate model that addresses 
the choice of big, medium, and small cars while incorporat-
ing incomes, unemployment, etc., as the present model 
does. This model could be used as a check on the simpler 
approach used in HURM.) 

As the price of gasoline increases, people will demand 
cars that use the gasoline in a more efficient manner; that 
is, cars that are able to travel for longer distances on the 
same amount of fuel. As technological improvements are 
added to cars, fuel efficiency will rise. As incomes in-
crease, people become able to express their preferences by 
purchasing options that undercut fuel efficiency (for ex-
ample, air conditioning) and by purchasing larger, more 
status-related, and less fuel efficient cars. 

New car sales, weighted miles per gallon for year i, Q, 
is estimated in the Maryland model using the following 
regression equation (use of an asterisk (*) in all equations 
denotes multiplication of the two expressions between 
which it is placed): 

	

* [G_1/ (C_1 * E1)]b * E1 	(A-lA) 

In the equation, a and b are the regression coefficients, and 
E1  is the auto efficiency index defined earlier. 

The model subsequently checks Q against the efficiency 
standard if the user has elected to supply one. If Qi  does 
not meet or exceed the user-specified standard, Qj  will be 
set equal to the standard. 

During the field test in Kentucky, it was found that the 
auto efficiency index used in Maryland was exceedingly 
difficult to estimate. An alternative form of the regression 
equation was employed to estimate new car sales, weighted 
miles per gallon: 

	

Q1ea * (G_1I". b * (Y/C)c 	(A-111) 

The income variable, Y/C, takes into account the fiscal 
ability of people to pay for autos and their preferences for 
extras, such as air conditioning, which are major factors in 
determination of actual levels of fuel efficiency. 

New Car Sales 

The number of new cars sold in a given year is added to 
the existing car stock to determine the total size of the 
fleet. New car sales are required for the calculation of 
excise tax collections. The number of new cars sold is a 
function of the population, the number of cars per capita 
in the preceding year, real disposable income, and the un-
employment rate. As income increases, people have been 
observed to spend more for cars. Because buying a car 
is a major purchase, the availability of cars to the popula-
tion in the preceding year will influence the amount of 
cars sold in the current year. 

In the Maryland model, new car sales (the variable 
name C2 is used in the program) are forecast using the 
following regression equation where a, b, c, and d are 
regression coefficients: 

	

C2=P * e' * (O/p)b * (Y/C)° * eC * 	U 	(A-2) 

The same regression equation was employed in the field 
test in Kentucky. 



46 

Average Fleet-Miles Per Gallon 

New car sales and sales weighted miles per gallon are 
used together with the scrappage rate, A (the scrappage 
rate is properly defined as the number of vehicles in any 
model year that remain in use from one year to the next—
see "Model Calibration" section for estimation), and VMT 
age adjustment factor, B (the VMT age adjustment factor 
models the phenomenon that vehicle use declines with in-
creasing vehicle age—see "Model Calibration" section for 
estimation), to calculate the age-adjusted passenger car 
stock, Q, and the weighted fleet-miles per gallon, T. The 
scrappage rate and VMT age adjustment are used to model 
the effect of the number of relative use of cars having dif-
ferent fuel consumption rates (mpg) on fleet-miles per 
gallon. Qi  and T are calculated and the quotient of the 
two is taken to calculate average fleet-miles per gallon, 

01  = C2, + (A * B * O) 	(A-3) 

T=C2+Q+(A*B*T 1) 	 (A-4) 

M1  = T/Q 	 (A-5) 

Cost of Auto Travel Per Mile and VMT 

The cost of auto travel per mile is portrayed as a com-
bination of the time cost of auto travel and the monetary 
cost of operating an auto. The time cost of auto travel is 
viewed as a function of the average wage rate and the 
average speed driven. In other words, the time cost in-
volves the amount of time spent in travel and some mea-
surement of the value of that time. In the model, the op-
erating cost is calculated solely as a function of gasoline 
consumption. 

The Maryland model calculates the cost of auto travel 
as the addition of the time cost of auto travel to the operat-
ing cost per mile. The following equation calculates the 
cost of auto travel per mile for each year, Cl.,: 

Cl= [(Occupancy * Wage Factor * W.)/C1]/(r * Si, + u) 
+ [G1/(C1 * M1 )] 	 (A-6) 

Eq. A-6 uses four constants that are discussed under 
"Model Calibration" section. Occupancy is the average 
occupancy of cars for all travel. The wage factor is a 
constant relating hourly wage to the value of time for auto 
travel, and the constants r and u are used to model the 
effect of the rural-urban driving cycle; that is, the relative 
amounts of time spent in rural and urban driving. 

Using the cost of auto travel perm ile, VMT (V14 ) is 
calculated using the regression equation: 

Vl=P * ea * C1 	(Y/C1)° * ed * U 	(A-7) 

where a, b, c, and d are regression coefficients (R. E. Mell-
man, U.S. DOT, Transportation Systems Center, Aggre-
gate Auto Travel Forecasting: State of the Art and Sug-
gestions for Future Research, prepared for U.S. DOT, Of-
fice of the Secretary, December 1976). 

During the calibration process in the field test in Ken-
tucky, the cost of auto travel variable was separated into 
its component parts. The operating cost was expressed as 
the real gas price per mile [G/ (C * Mi)]. The time cost  

of auto travel per mile for each year, TM, was calculated 
from the following equation: 

TM j  = [(Occupancy * Wage Factor * W)/C)}/ 
(r * Si + U) 	 (A-8) 

Employing these two costs of travel variables, VMT (Vl) 
was calculated using the regression equation: 

V1=P * ea * [ G4/(C * M)]b * 
* ed * U., * TM' 	 (A-9) 

where a, b, c, d, and f are regression coefficients. (In the 
upgraded HURM system, MDOT researchers found im-
proved theoretical and operational performance by using 
only the real operating cost per mile.) 

Gasoline Tax Collections 

Gasoline tax collections, Z (MDOT's revised HURM 
splits motor fuel consumption into gasoline and special 
fuel—each is forecast independently), are a function of the 
gasoline tax rate and fuel consumption: 

Z=D * (V1,jM) 	 (A-b) 

Number of Autos and Registration Fee Collections 

The number of autos, V, in the fleet is adjusted each 
year to account for the new cars sold and retired during 
the past year. 

V, = (A * V 1) + C2, 	(A-li) 

In the Maryland model, registration fee collections, X, 
are calculated using the number of autos in the fleet and a 
constant equal to an average fee per vehicle 

X = Vi * Average Fee 	(A-b 2) 

(The MDOT authors note that the average fee is assumed 
constant over the forecast period; therefore, the vehicle 
weight mix is assumed to be constant. A complex registra-
tion fee schedule based on weight stratifications coupled 
with the continuation towards lighter vehicles would result 
in the base year average registration fee overestimating 
future registration fee forecasts.) 

During the field test in Kentucky, it was discovered that 
the level of registration fee collections is strongly influenced 
by the number of trucks in the state. Because the total 
amount collected is based on the total number of vehicles 
and the national growth rate of trucks has been approxi-
mately three times that of cars during the last five years, 
the calculation in Kentucky took these factors related to 
trucks into account: 

X j  = Vi. * (Average Auto Registration Fee Per Auto 
+ Average Truck Registration Fee Per Auto 
* TADJ -') 	 (A-13) 

TADJ is the average annual growth rate of the average 
truck registration fee per auto. 

Excise Tax Collections 

Lastly, the model calculates excise tax collections, H. 
As currently programmed in the Maryland model, excise 
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tax payments are equal to some fixed percentage of the 
purchase price of the vehicle. 

In order to avoid forecasting automobile purchase prices, 
vehicle weight is assumed to be proportional to the pur-
chase price, and a regression equation, described next, us-
ing vehicle weights is used to calculate excise tax collec-
tions. Vehicle weight can be derived using EPA's technical 
efficiency rating, which may be expressed as: 

EPA Technical Efficiency Rating1  - Vehicle 
Weight1 * Qt 	 (A-14) 

and, since by definition E1  = EPA Technical Efficiency 
Rating, * k, then 

	

Vehicle Weight - E1/ (Q * 	k) 	(A-15) 

The cnstant, k, was used to set the efficiency index, E1, 
equal to one (1.00) in 1974 as described earlier. 

This expression for vehicle weight, E1/ (Q1 * k), is incor-
porated in the equation defining the variable of new car 
weight product, B2, which is used in the regression equa-
tion. The new car weight product is simply the number of 
new cars sold multiplied by the average vehicle weight: 

	

B21=C21 * E1/(Q1 * k) 	(A-16) 

The old car weight product, B1, is defined as the product 
of the number of vehicles in operation and their average 
weight. It is initialized for the first year in the analysis pe-
riod and calculated for each subsequent year in the anal-
ysis period using the following where A is the scrappage 
rate: 

	

B11  = ( B11_. + B211) * A 	(A-17) 

The old and new car weight products are used to calcu-
late excise tax collections from the following regression 
equation where a and b are regression coefficients: 

* (a * B11+b * B21) 	 (A-18) 

During the field test in Kentucky, it was found that Eq. 
A-i 8 did not predict excise tax collections. Excise tax col-
lections are dependent on the number of new cars sold and 
the level of disposable income. As more new cars are 
sold, excise tax collections will increase. As income in-
creases, it has been shown that people spend more on cars 
both new and used. 

Regardless of the vintage of the cars that are being pur-
chased, excise taxes based on the current value of the cars 
are collected. The calculation of excise tax collections per 
rating point in real dollars is performed based on the fol-
lowing equation: 

H1  = C1 * ETR1 * ea * C21b * (Y1/G1)° (A-19) 

where a, b, and c are regression coefficients. ETR1  is the 
excise tax rate in year i. 

Before printing, the model calculates revenues for each 
fiscal year in the period by averaging the revenue forecasts 
for the two calendar years that comprise each fiscal year. 

The equations that calculate the highway user revenues 
are listed for reference under headings "Summary of Model 
Equations" and "Summary of Model Equations for Field 
Test in Kentucky." 

Model Assessment 

The HURM program was calibrated and employed for 
forecast highway user revenues in Kentucky resulting from 
a variety of economic and energy assumptions. During the 
calibration process, several shortcomings of the model as 
originally formulated were uncovered. The equations for 
predicting VMT, new car sales, weighted miles per gallon, 
excise tax collections, and registration fee collections were 
reformulated because using the form of the equations in 
the Maryland version of the model with data describing 
Kentucky gave rise to unreliable results. The bases of the 
calculation of the scrappage rate and the fleet VMT age 
adjustment factor were questioned. (MDOT's revised 
HURM uses a distributed lag approach to forecast the 
scrappage rates, because they found that a constant rate 
is not satisfactory.) The model is formulated to describe 
only auto-related highway-user revenues (trucks are taken 
into account through constant adjustments); as the truck-
ing industry continues to grow, truck-related revenues will 
form a higher proportion of total highway user revenues. 

During the forecasting phase of the field test in Ken-
tucky, more questions were raised. The model requires all 
highway user revenues to be divided into three categories: 
excise tax collections, motor fuel tax collections, and 
registration fee collections. This tripartite division was 
appropriate for replicating the tax structure of Maryland; 
the allocation of tax categories of another state in these 
three divisions requires some thought. 

However, the model was found to be an extremely easy 
to use and a useful device for analyzing a number of alter-
native short-run scenarios. Once the data describing the 
alternative economic and energy conditions had been 
decided upon and the model calibrated and installed, no 
particular expertise was required to obtain a large number 
of alternative projections. 

Reformulation of Equations 

The need for reformulating many of the equations of the 
model was unexpected, but imposed by the obvious in-
appropriateness of the initial set of results. The data 
required for estimating each of the equations were amassed 
and coefficients were estimated for the equations in the 
form used in the Maryland model. Each resulting regres-
sion coefficient was inspected for statistical accuracy and 
logical direction and magnitude. Suitably significant esti-
mated coefficient values were found using the original 
formulation only for the new car sales equation. 

The VMT equation included a statistically insignificant 
coefficient for the cost of travel variable and an unex-
pected positive coefficient for the unemployment rate 
variable. After a number of alternative formulations were 
tried, a new version of the VMT equation was selected. 
The cost of travel variable was disaggregated into its two 
component parts: the operating cost (specifically, real 
gasoline price per mile) and the time cost of travel. 
Although the positive coefficient of the unemployment 
rate variable remained, it was found that calibration at-
tempts by other researchers also arrived at the same result. 
The rationale postulated is that the effects of income and 
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unemployment should be considered simultaneously and 
that VMI is not subject to cyclical fluctuations. 

The new car sales, weighted miles per gallon (SWMPG) 
equation was reformulated without the efficiency index. 
The efficacy of the efficiency index was questioned and it 
was discarded after the extraordinary difficulty of fore-
casting such a value was faced. Because both the number 
of new cars sold and the new car SWMPG are affected by 
the same forces, the same set of independent variables, 
disposable income, and gas price is employed in the regres-
sion equations. As real gasoline price increases, people buy 
more fuel-efficient cars; as real disposable income increases, 
people buy bigger and thus less fuel-efficient cars. The 
income variable takes into account the ability of people 
to pay for cars and their preferences for extras, such as air 
conditioning, which lower fuel efficiency. Technology 
advances, as embodied in the efficiency index, are not 
taken directly into account by this equation. 

The excise tax collections equation was reformulated 
because, when Kentucky data were applied to the form 
used in the Maryland model, absurd results were derived. 
Both coefficients of the equation in the Maryland model 
are required to be positive; the estimation process calcu-
lated a negative coefficient. Car weight products were an 
attempt to estimate value of cars sold. However, as auto 
manufacturers strive to meet mandated fuel efficiency 
standards, the relationship between vehicle weight and 
value will deviate from historical experience. Depending 
on vehicle weight to act as a substitute for the value of an 
auto would likely result in a significant error in the fore-
cast of excise tax collections. Consequently, an alternative 
form employing real disposable income and new car sales 
was used. 

The equation used in the Maryland model to project 
registration fee collections vastly underestimated the 
amounts collected in Kentucky. Thereupon, the right-hand 
side of the equation was disaggregated into separate 
average fees for passenger cars and for trucks. Since the 
number of trucks is growing at a different rate from the 
number of cars, a truck registration fee adjustment factor 
was 'included. As an increasing proportion of registration 
fees in Kentucky is paid by trucks, this disaggregation aids 
in the estimation procedure. 

Limitations of HURM 

The scrappage rate and the VMT age adjustment factor 
are necessary for the calculation of the weighted fleet-miles 
per gallon value,-which, in turn, is a determining force in 
the computation of gasoline tax revenues. Although both 
factors clearly change in value on an annual basis, both 
are estimated as constant values. More work is needed to 
find better and more accurate means of calculating these 
factors. 

The HURM program requires that all highway user 
revenues be divided into three categories: excise tax col-
lections, gasoline tax collections, and registration fee 
collections. Data for highway user revenues in Kentucky 
are reported by specific type collected; these types were 
aggregated into the three prime categories. Upon delibera-
tion, it was decided that all taxes related to the value of  

the vehicle would be included as excise tax collections, all 
diesel and motor fuel taxes would be included as gasoline 
tax collections, and all annual fees, including driver licens-
ing and special fees, would be included as registration fee 
collections. 

Personnel Requirements 

The HURM program is a series of individual equations 
that are not solved for even a partial equilibrium solution. 
The model may lack in elegant complexity, but it gains 
merit for its simplicity. Some training in economics is 
necessary for using the model in an appropriate fashion; 
however, the model can be understood and employed with 
no extensive training of personnel. As such, it can be used 
under a wider variety of planning situations than a highly 
complex, fully interwoven econometric model. 

To use the model, personnel with three types of training 
are required: economic analysis, programming, and data 
gathering skills. Since the data sources are listed herein, 
it should be relatively simple to obtain the figures. Since 
the program is already written in the most widely used 
version of FORTRAN, only elementary programming skill 
should be required. With the initial portion of the 
economic analysis already included herein (i.e., deciding 
on the appropriate variables to be used), the only ability 
required is to validate the calibrated models for use in a 
givcn state. 

Appropriate Use of HURM 

HURM is a short-run model. The calibration process 
captures the current trends and the model continues out 
along these trends. The model was originally designed for 
five-year highway-user revenue forecasts and is not formu-
lated to take into account saturation effects and other long-
term shifts in consumer and producer behavior. The use of 
the model is only appropriate so long as current behavior 
patterns continue. Thus, the use of the model to predict 
revenues more than ten years in the future is not recom-
mended. 

HURM is best suited for displaying the results on high-
way-user revenue collections of changes in the underlying 
economic and energy conditions. As a predictive model, 
the accuracy of the projections it calculates is limited by the 
accuracy of the projections of the economic and energy 
conditions used as inputs. Since precise values of these 
inputs are unknown and are themselves usually products 
of other economic forecasting endeavors, the resulting 
projections of highway user revenues are not the last word. 
However, the base projection is a useful picture of one 
possible future, and the model can be employed to picture 
alternative futures. Comparisons among the alternative 
futures aid in comprehension of the relative effects of the 
forces that affect revenue collections. 

Suggested Revisions 

Several refinements to HURM that would aid in its 
capability to address current issues would be relatively 
simple to do without much further developmental research. 
As currently formulated in HURM, the scrappage rate is a 
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constant value. The Wharton Auto Model treats the same 
idea as a variable, having it change as conditions of the 
economy and the automobile transportation system change. 
This mode of approaching scrappage rates should be used 
in HURM. The motor fuel tax in HURM is a gallonage 
tax. An alternative form would be an ad valorem tax; this 
would only require changing the computer code. Some 
states tax truck VMT; as VMT is forecasted by the model 
already, only adaptation of the computer code is required. 

GUIDELINES FOR ASSEMBLING INPUT DATA 

Many of the economic and energy variables for which 
the model requires forecasts as input in each year of the 
analysis period are regularly forecast by several public and 
private organizations. These organizations include those 
that produce forecasts for the nation, for states, or for 
major metropolitan areas, as well as those that produce 
forecasts for individual or small groups of states or regions. 
A listing of the sources of data that are available in the 
public sector is contained under the heading "Summary of 
Data Requirements and Sources for Calibration and Use." 
The user should consult state fiscal planners to determine 
what forecasts are already available. 

Forecasts for some of the input variables may not be 
available from state or federal sources. In this case, rea-
sonable upper and lower bound estimates of them should be 
made and the model should be run using both to bound 
the revenue forecasts. 

PROGRAM INSTALLATION AND REQUIREMENTS 

HURM has been written in the FORTRAN program-
ming language as a main program with no subroutines or 
functions. It is comprised of 415 statements and numerous 
comment cards that are incorporated to identify the func-
tion of segments of the program. 

The program listings can be found under the headings 
"Program Listing of Maryland HURM" and "Program 
Listing for HURM Version Used in Kentucky Field Test," 
and are available in source language on cards. Copies may 
be obtained from the Transportation Research Board. 

Before the model can be used, the user must perform 
four tasks: 

Revenue calculation—The user must examine the 
equations that calculate the highway user revenues to 
determine if they reflect the collection procedures used in 
the state. Equations that do not, must be rewritten. 

Sensitivity assessment—The user must examine 
HURM to ascertain whether the model can reasonably be 
expected to forecast revenues for his state and intended 
purposes. If the model is not sufficiently sensitive to 
important characteristics of the user's state that affect 
highway user revenues, the model must be adapted to 
incorporate them. 

Model calibration—With data from state and federal 
sources, the constant factors and regression coefficients 
must be estimated, or the results of previous regression 
analyses using other state and/or national data must be 
used (see "Model Calibration" section). 

Coding correction—Lastly, the user must make any  

corrections to the program because of conflicts arising 
from idiosyncrasies associated with HURM or the state's 
computer system, if necessary. 

As currently coded, the HURM program requires no 
peripheral devices other than a card reader and line 
printer. 

Input and output operations are discussed in the next 
section, "Operating Instructions." 

The complete cost of using the HURM program includes 
computer costs and the cost of the labor required to 
calibrate, install, and use the program. The machine-related 
costs include the amount of central processing unit (CPU) 
time required, the number of cards to be read in, the 
number of lines to be printed out, and the amount of 
memory required for execution of the program. During 
the calibration process, people are needed to locate the 
data, to transform the data into machine readable form, and 
to program the computer to calculate the regression esti-
mates. An analyst with economic training is needed to 
ascertain the validity of the regression estimates. During 
the installation process, people are needed to locate and 
derive all of the data required for the projections, trans-
form the data into machine readable form, and make any 
corrections to the computer code required to enable the 
HURM program to work within a specific computer system. 
Use of the HURM program requires people to specify the 
alternative cases to be tested, to transform the data describ-
ing each case into machine readable form, and to analyze 
the results. 

Slightly more than $100 of computer time and slightly 
over 5 weeks of full-time work (210 person-hours) were 
required to calibrate and install the HURM program for 
Kentucky (see Table A-i). The computer used in the 
field test is an IBM 370/145 with MFT. The statistical 
analysis system (SAS) package was used to calculate the 
regression estimates and the one-step FORTRAN compiler 
(WATFIV) was used for running the HURM program. 
These particular packages were chosen both for their 
efficient use of computer time and because the programmer 
already had extensive experience using them. 

In the calibration process, approximately equal amounts 
of time were spent on assembling the data, programming 
and running the regression estimation routine, and ana-
lyzing the results. The total amount of time spent on the 
calibration process was large because of the need to locate 
data sources before the data could be amassed and because 
of the extensive revision of the form of the model equa-
tions. The data sources are now listed in this manual and 
as long as the basic form of the model equations is not 
radically changed, much less time should be required. 
Aside from the professional time required to validate the 
regression estimates, the remainder of the work can be 
performed by nonprofessional personnel. 

In the installation process, approximately equal amounts 
of time were spent on gathering the data required for the 
projections and making changes in the computer code. 
Gathering the data needed for the projections requires 
obtaining a consensus among all relevant persons as to the 
exact assumptions to be used. The HURM program 
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TABLE A-i 

ESTIMATES OF COSTS ENTAILED DURING THE 
FIELD TEST OF HURM IN KENTUCKY 

CALIBRATION INSTALLATION 
COSTS COSTS 

Labor (In Person-Hours) 

Assechling Data 40 40 

Keypunching 5 5 

Programming 40 40 

Analyzing Results 40 0 

Total 125 85 

Computer Usage Per Job 
(Average) 1/ 

Program Package SAS WATFIV 

# Cards Read In 75 600 

# Lines Printed 350 800 

Core (bytes required) 384K 332K 

CPU Time 	(seconds) 10 5 

Total Computer Costs 	/ $33. $69. 

YThe computer utilized in the field test is an IBM 

370/145 with MFT. 

2 /The charging algorithm is: JOB COST = ($.25 + $.06 

x CPU seconds + $.0004 x lines printed + $.0004 x cards 

read) x 1.35. 

requires population, income, inflation, unemployment, and 
gas price data for each year in the analysis period. Because 
the predictions are dependent on these data, great care 
must be taken in ensuring that appropriate assumptions 
are used. An extensive amount of revision was done to the 
computer code in order to add several useful features to 
the original program obtained from Maryland. Because the 
computer code adheres to the most stringent requirements 
for writing FORTRAN, much less time should be needed to 
install the program at any new computer facility. 

Once the HURM program has been calibrated and 
installed at a computer system, it is very inexpensive and 
simple to use for analyzing a large number of alternatives. 
During the field test with Kentucky data, it took the 
computer 3.5 sec to compile the program and only 0.66 
sec to run each projection (see Table A-2). A research 
assistant with only the manual as a guide was able to 
prepare the data, keypunch the numbers, and run the 
computer program to calculate six alternative projections 
in less than half a day. 

OPERATING INSTRUCTIONS 

General 

The data deck for the HURM program is composed of 
four types of cards: title cards, initialization cards, data 
cards, and end cards. For each projection, the data deck 
must contain one title card, the appropriate intermediate 
cards, and an end card. The data deck required for the 

TABLE A-2 

COMPUTER REQUIREMENTS OF HURM' 
COMPILATION 	EXECUTION 

REQUIREMENTS REQUIREMENTS 
OF THE HURM 	FOR EACH 

PROGRAM 	PROJECTION 

CPU Time (seconds) 	 3.51 	 0.66 

Core (bytes) 	 332K 	 180K 

1'1The computer utilized in the field test is an IBM 

370/145 with MFT. The FORTRAN compiler utilized is the 

one-pass routine WATFIV. 

Maryland model will be described first. The description of 
the data deck required for the Kentucky field test version 
of the model appears in the following section. 

Title Card 

The title card contains four data items: the number of 
years in the analysis period, the first year of the analysis 
period, a switch describing the status of the initialization 
cards, and the title for the projection generated using the 
data contained in the deck. The number of years in the 
analysis period must be less than 25 years. The value of 
the switch controls whether a new set of initialization cards 
is to be read or not. The title may be comprised of any 
alphanumeric string of 40 characters or less. 

Column 

1-2 	Number of years in the analysis period 
3-6 	First year of analysis period (e.g., 1970) 
7-8 	A zero should be coded in these columns if a 

set of initialization cards immediately follows; 
a one should be coded for all succeeding pro-
jections that employ the same set of intialization 
cards. 

9-48 	Title for this projection 
49-80 Unused 

Initialization Cards 

The values of all of the regression coefficients, constants, 
adjustment factors, and model variables for the year pre-
ceding the start of the analysis period are contained in a 
set of initialization cards. Each initialization card has a 
card type number associated with it that must be coded 
in the first two columns of the card. 

There are a total of 10 initialization cards. If any value 
is to be changed for a successive projection, all 10 initiali-
zation cards with all values encoded must be included in 
that succeeding projection. All 10 initialization cards must 
be included in the first projection. 

All 10 initialization cards share the same format: 

Column 

1-2 Card type number 
3-12, Each value that is required is coded sequentially 

13-22, in these columns. 	Each value must be coded 
23-32, with a decimal point. 
3 3-42, 
43-52 
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Card Type 
Number Initialization Values 

Regression coefficients for VMT equation in 
the following order: 

Constant 
d i  
Yi/ci 
U I  

2 Regression 	coefficients 	for 	new 	car 	sales, 
weighted miles per gallon equation in the 
following order: 

Constant 
G11/C11/E1  

3 Regression 	coefficients 	for 	new 	car 	sales 
equation in the following order: 

Constant 

01.-li Pil  

U I  
4 Regression coefficients for excise tax equation 

in the following order: 
B1  
B , 

5 Calculated constant values: 
Scrappage rate 
VMT age adjustment factor 

6 Constant factor adjustments: 
Gasoline tax adjustment 
Registration fee adjustment 
Excise tax adjustment 
VMT equation adjustment 

7 Values of model variables for last year before 
the analysis period: 

01 	Age-adjusted passenger car stock 
T1 	Weighted fleet-miles per gallon 
V1 	Number of cars in the fleet 
P1 	Population 
B12 	Old car weight product for the first 

year of the analysis period 
8 Values of model variables for the last year 

before the analysis period: 
G1 	Gasoline price 
C1 	Consumer price index 
H1 	Excise tax collections 
Z1 	Gasoline tax collections 
X1 	Registration fee collections 

9 Value of model variable for the last year 
before the analysis period: 

D1 	Gasoline tax rate (X100) 
10 Constant values used to calculate the time 

cost of auto travel: 
Occupancy factor 
Wage factor 
Rural factor 
Urban factor 

Data Cards 

The data for each of the 10 model variables that must be 
input to the model are contained in a set of data cards. 
Each set of cards is comprised of from one to four cards, 
enough to contain data for each year in the analysis period. 

Each card set has a card type number associated with it, 
and it must be coded in the first two columns of the card. 
The input variables and their associated card type numbers 
are listed as follows: 

Input Variable 	 Card Type Number 
Population 	 1 
Consumer price index 	 2 
Wage rate 	 3 
Disposable income 	 4 
Unemployment rate 	 5 
Average speed 	 6 
Gasoline price 	 7 
Gasoline tax rate 	 8 
Efficiency index 	 9 
Efficiency standard (optional) 	 10 

Another value must be coded on the data cards aside 
from the data; this value controls whether the data con-
tained on the corresponding card from the previous pro-
jection should be used in this projection as well. Each 
successive projection should have at least as many data 
cards for each input variable as the first projection has. 
Lastly, the data must be coded on as many cards as are 
required with 7 years of data coded per card. 

Column 

1-2 	Card type number (1-10). The card type num- 
bers and their associated model variables as listed 
previously. 

3-4 	The card number (1-4). Up to four data cards 
are required to encode all the data that are 
required for a projection. Each card of a set 
is assigned a sequential number starting at one. 

5-6 	For the first projection of each execution, these 
columns should be left blank. For each suc-
cessive projection, these columns should be left 
blank if the user wishes to change the data 
from that which was coded on the corresponding 
card in the previous projection. Any integer 
other than zero should be coded in columns 5 
and 6 if the user elects to use the same data 
from the previous projection. If the length of 
the analysis period for any projection is greater 
than it was for the previous projection, the 
additional data must be supplied for the longer 
analysis period. 

7-16, For each year of the analysis period, the data 
17-26, for each of the model variables are coded in 
27-36, these columns on their respective card types on 
3 7-46, as many cards as are required. 
47-56, 
57-66, 
67-76 

If no efficiency standard is being provided, columns 
7-16 on the first card of the efficiency standard cards 
(card type 10) must contain a negative number. Otherwise, 
these card columns must contain the efficiency standard. 

End Card 

The last card for each projection contains a value for 
the variable TOUT. The value of TOUT controls whether 
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another projection will be processed or execution will cease 
after the current projection is completed. 

Column 

1-2 

	

	A zero (or blank) should be coded in these 
columns if data for more projections follow; or 
any negative integer, if the data for the last 
projection have been read. 

A sample of a valid deck is contained in Table A-3. 
The program output of HURM is comprised of separate 

tabulations for each, projection. The tabulation for each 
projection can be considered as being comprised of three 
elements. The first element of the tabulation is two pages 
long and lists the input data. The second element is con-
tained on the third page and records the estimates of gaso-
line tax, registration fees, and excise tax collections cal-
culated in the model for each calendar and fiscal year in 
the analysis period. The last portion of the tabulation lists 
several variables that were calculated during the execution 
of the model. These variables include new car sales; total  

auto fleet size; new car sales, weighted miles per gallon; 
fleetwidc miles per gallon; and vehicle-miles of travel of 
the fleet. 

Using the data deck described in Table A-3, the Mary-
land model generated a sample output that is contained in 
Table A-4. Output for both projections is included. The 
first two pages of each projection list the assumed values 
of the economic and energy variables for each year in the 
analysis period. The third page lists the highway user 
revenues by category, by calendar year, and by fiscal year 
for each year in the analysis period. The final page of 
output for each projection lists values of transportation 
system variables that were calculated during the forecast. 

KENTUCKY FIELD TEST VERSION OF HURM 

General 

The data deck for the HURM program is composed of 
four types of cards: title cards, initialization cards, data 
cards, and end cards. For each projection, the data deck 

TABLE A-3 

SAMPLE HURM DATA DECK 

STEST DATA 	SEi1E3 FOR VERIFICATIGN A 
I I 412720), 4197300, 4257C00. 437000, 4407000. 447000. 45473)0, 
1 2 4E17C33. 
2 1 1.635 1.715 1.765 1.345 1.595 1.5 1.993 
2 2 2.345 
3 1 4.99 5.28 5.55 5.79 6.31 6.22 6.46 
3 2 6.59 
4 1 575. 5723. 6C44. 6338. 6504. 6874. 7143. 
4 2 
5 1 7.2 5.7 5.8 S.0 4.5 4.3 4.5 
5 2 4.5 
6 1 59. 59. 59. 59. 59. 59. 59. 
6 2 59. 
7 1 .61 .65 .65 .71 .74 .77 .80 
7 2 .53 
81 9. 9. 9. 9. 9. 9. 9. 
8 2 9. 
9 1 1.13 1-18 1.23 1.40 1.43 1.46 1.49 
9 2 1.52 

10 1 -1. 
00 

STEST 'DATA 	SERIES FOR VEIFICATICN B 
111 
121 
211 
221 
311 
321 
411 
421 
511 
5 2 4.6 
- 1 5i.1 59.1 59.1 59.1 59.1 59.1 59.1 
521 
711 
721 

1 	1 
821 
9.  1 	1 
) 2 	1 

13 1 10. 10. 10. 10. 20. 20. 20. 
10 2 20. 



TABLE A-4 

SAMPLE OUTPUT USING DATA DECK IN TABLE A-3 

THE HIGHWAY USER REVENUE MODEL 

PRDJECTION NO. 1 TEST DATA SERIES FOR VERIFICATION A 

INPUT DATA SERIES 

CONSUMER 
PRICE WAGE DISPOSABLE UNEMPLOYMENT 

YEAR POPULATION 	INDEX RATE INCOME RATE 

1975 4127200. 1.6350 4.9900 5375.00 7.2000 

1976 4197000. 1.7150 5.2800 5723.00 6.7000 

1977 4267000. 1.7850 5.5500 6044.00 5.8000 

1978 4337000. 1.8450 5.7900 6338.00 5.0000 

1979 4407000. 1.8950 6.0100 6604.00 4.5000 

1980 4478000. 1.9450 6.2200 6874.00 4.5000 

1981 4547000. 1.9950 6.4600 7148.00 4.5000 

1982 4617000. 2.0450 6.6900 7429.00 4.5000 

AVERAGE GASOLINE GASOLINE 	EFFICIENCY EFFICIENCY 
YEAR SPEED PRICE TAX RATE INDEX STANDARD 

1975 59.0000 0.6100 9.0000 1.1300 0.0 

1976 59.0000 0.6500 9.0000 1.1800 0.0 

1977 59.0000 0.6800 9.0000 1.2300 0.0 

1978 59.0000 0.7100 9.0000 1.4000 0.0 

1979 59.0000 0.7400 9.0000 1.4300 0.0 

1980 59.0000 0.7700 9.0000 1.4600 0.0 

1981 59.0000 0.8000 9.0000 1.4900 0.0 

1982 59.0000 0.8300 9.0000 1.5200 0.0 

PROJECTION NO. 1 TEST DATA SERIES FOR VERIFICATION A 
MODEL VARIABLES 

GASOLINE 	REGISTRATION GASOLINE REGISTRATION 
TAX FEE 	EXCISE TAX 	- 	TAX FEE EXCISE TAX 

YEAR COLLECTIONS COLLECTIONS 	COLLECTIONS 	COLLECTIONS COLLECTIONS COLLECTIONS 

1975 184061360. 69765552. 	63727936. 181225856. 69328832. 63642272. 

1976 183313312. 71555472. 	71940080. 	183687296. 70660512. 67834000. 

1977 181744864. 74213760. 	82568560. 	182529024. 72884608. 77254320. 

1978 179321536. 77323776. 	95496368. 180533120. 75768768. 89032464. 

1979 178019536. 80559264. 	103250368. 	178670464. 78941520. 99373360. 

1980 178259600. 83639440. 	109243936. 178139520. 82099344. 106247152. 

1981 178567968. 86687040. 	116156688. 178413696. 85163232. 112700304. 

1982 179386192. 89756048. 	123686384. 	178977024. 88221536. 119921536. 

NEW CAR 
TOTAL SALES 

NEW CAR FLEET WEIGHTED FLEET VMT 
YEAR SALES SIZE MPG MPG (MILLIONS) 

1975 187275. 2024449. 13.7214 12.4359 24618. 

1976 215922. 2076389. 14.7201 12.8389 25313. 

1977 245327. 2153527. 15.1007 13.2768 25952. 

1978 264682. 2243773. 15.9126 13.8042 26623. 

1979 275633. 2337660. 16.1422 14.2712 27324. 

1980 278732. 2427040. 16.4184 14.6895 28163, 

1981 285027. 2515475. 16.6869 15.0742 28950. 

1982 292810. 2604531. 16,9482 15,4333 29776, 

53 
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TABLE A-4 (Continued) 

THE HIGHWAY USER REVENUE MODEL 

PROJECTIOE NO. 2 
	

1151 DATA SERIES FOR VERIFICATION 8 

INPUT DATA SERIES 

CONSUMER 
PRICE DISPOSABLE 

INCOME 
UNEMPLOYMINI 

YEAR POPULATION INDEX WAGE RATE RATE 

1975 4127200. 1.6350 4.9900 5375.00 7.2000 

197 4197000. 1.7150 5.2800 5723.00 6.7000 

1977 42s7000. 1.7850 5.5500 6044.00 5.8000 

1918 4337000. 1.8450 5.7900 6338.00 5.0000 

1919 4407000. 1.8950 6.0100 5604o00 4.5000 

1980 4478000. 1.9450 5.2200 6814.00 4.5000 

1981 4547000. 1.9950 6.4600 7148.00 4.5000 

1982 4617C00. 2.0450 5.6900 7429.00 4.6000 

AVERAGE GASOLINE GASOLINE EFFICIENCY EFFICIENCY 

YEAR SPEED PRICE TAX RATE iNDEX STANDARD 

1975 59.1000 0.6100 9.0000 1.1300 10.0000 

1976 59.1000 0.6500 9.0000 1.1800 10.0000 

1977 59.1000 C.6800 9.0000 1.2300 10.0000 

1979 59.1000 0.7100 9.0000 1.4000 10.0000 

1979 59.1000 0.1400 9.0000 143Ofl 20.000Q 

1980 59.1000 0.7700 9.0000 1.4600 Z0.0000 

1981 59.1000 0.8000 9.1000 1.4900 20.0000 

1c82 59.0000 C.8300 9.0000 1.5200 20.0000 

HIGHWAY USER REVENUES 

CALENDAR YEAR  

REGISIRATION 
GASOLINE TAX PEE EXCISE 	TAX 

YEAR COLLECTIONS COLLECTIONS COLLECTIONS 

1975 84128640. 69765552. 63727936. 

1975 163380895. 71555472. 71940080. 

1977 181812880. 74213760. 62568560. 

1975 119389376. 77323776. 95495368. 

1979 170166384. 80559264. 90443984. 

1980 165497548. 83639440. 95737264. 

1981 162720175. 86687140. 101951088. 

1982 11732bO6. 89698672. 108490160. 

FiSCAL YEAR 

RE 0 IS IRA I ION 
GASOLINE 	1*0 FEE EXCISE 	TAX 

COLLECTIONS COLLECTIONS CDI LEC 1108$ 

281259520. 69328832. 53642272. 

183754752. 70b60512. 57834000. 

182596864. 72884608. 7725432G. 

180601088. 75768168. 89032464. 

174777856. 18941520. 92970176. 

167831936. 82099344. 93090624. 

154108800. 85153232. 98844176. 

162226304. 88192848. 105220624. 

MODEL VARIABLES 

NEW CAR 
SALES 

NEW CAR TOTAL WEIGI4TEO FLEET 
YEAR SALES 1-LEE! 	SIZE MPG MPG VITTIMILLIONSX 

1975 187275. 2C24449. 13.7214 12.4359 24627. 

1976 215922. 2016389. 14.7201 12.8309 25322. 

1977 245327. 2153527. 15.1007 13.2758 25952. 

1978 264682. 2243773. 15.9125 13.8042 25633. 

1979 215633. 2337660. 20.0000 15.0418 27529. 

1980 278732. 2427040. 20.0000 16.0076 28493. 

1981 285077. 2515475. 21.0000 1b.7767 29360. 

1982 291146. 2602866. 20.0000 17.3914 30252. 



55 

must contain one title card, the appropriate intermediate 
cards, and an end card. 

Title Card 

The title card contains four data items: the number of 
years in the analysis period, the first year of the analysis 
period, a switch describing the status of the initialization 
cards, and the title for the projection generated using the 
data contained in the deck. The number of years in the 
analysis period must be less than 25 years. The value of 
the switch controls whether a new set of initialization cards 
is to be read or not. The title may be comprised of any 
alphanumeric string of 40 characters or less. 

Column 
1-2 	Number of years in the analysis period 
3-6 	First year of analysis period (e.g., 1970) 
7-8 	A zero should be coded in these columns if a 

set of initialization cards immediately follows; a 
one should be coded for all succeeding pro-
jections that employ the same set of initialization 
cards. 

9-48 	Title for this projection 
49-80 Unused 

Initialization Cards 

'Ihere are a total of 10 initialization cards. All 10 
initialization cards must be included in the first projection. 
If any value is to be changed for a successive projection, all 
10 initialization cards with all values encoded must be in-
cluded in that successive projection. 

All 10 initialization cards share the same format: 

Column 
1-2 	Card type number 
3-12, Each value that is required is coded sequentially 

13-22, in these columns. Each value must be coded 
23-3 2, with a decimal point. 
3 3-42, 
43-52 

Card Type 
Number 	Initialization Values 

Regression coefficients for VMT equation in 
the following order: 

Constant 
G/ CIM 
Yl/ci  
Ui  
TM 

Regression coefficients for new car sales, 
weighted miles per gallon equation in the 
following order: 

Constant 
G_1/C_1  
Yi/ C 

Regression coefficients for new car sales 
equation in the following order: 

Constant 
oi-1/Pi-1  
Y4/ci  
Ui  

Card Type 
Number Initialization Values 

4 Regression coefficients for excise tax equation 
in the following order: 

Constant 
C21  
Yi/ C 

5 Calculated constant values: 
Scrappage rate 
VMT age adjustment rate 
Registration fees collected from automo- 

biles in the last year before the analysis 
period 

Registration fees collected from trucks in 
the last year before the analysis period 

Truck annual average growth rate 
6 Values of model variables for the last year 

before the analysis period: 
V11 	Vehicle miles of travel 

(in millions) 
C21 	Number of new cars sold 
ETR1 	Excise tax rate (X100) 
ARFF1 	Auto registration adjustment 

factor 
TRFF1 	Truck registration adjustment 

factor 
7 Values of model variables for the last year 

before the analysis period: 
O 	Age-adjusted passenger car stock 

(in millions) 
T1 	Weighted fleet miles per gallon 
V1 	Number of cars in the fleet 
P1 	Population 
Y1 	Disposable personal income 

8 Values of model variables for the last year 
before the analysis period: 

G1 	Gasoline price 
C1 	Consumer price index 
H1 	Excise tax collections 
Z1 	Gasoline tax collections 
X1 	Registration fee collections 

9 Values of model variables for the last year 
before the analysis period: 

D1 	Gasoline tax rate (X100) 
M1  Average fleet miles per gallon 
U1  Unemployment rate 
S1 	Average highway speed 
W1  Hourly wage rate 

10 Constant values used to calculate the time 
cost per mile of auto travel: 

Occupancy factor 
Wage factor 
Rural factor 
Urban factor 

Data Cards 

The data for each of the 12 model variables are con-
tained in a set of data cards. Each set of cards is com-
prised of from one to four cards, enough to contain data 
for each year in the analysis period. Each card set has a 
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card type number associated with it that must be coded 
in the first two columns of the card. 

The input variables for the field test in Kentucky and 
their associated card type number are listed as follows: 

Input Variable 	 Card Type Number 

Population 	 1 
Consumer price index 	 2 
Wage rate 3 
Disposable personal income 4 
Unemployment rate 5 
Average speed 6 
Gasoline price 7 
Gasoline tax rate 8 
Efficiency standard 9 
Excise tax rate 10 
Auto registration fee factor it 
Truck registration fee factor 12 

Another value must be coded on the data cards aside 
from the data; this value controls whether the data con-
tained on the corresponding card from the previous pro-
jection should be used in this projection as well. Each 
successive projection should include, at least, as many data 
cards for each input variable as the first projection has. 
Lastly, the data must be coded on as many cards as are 
required, with 7 years of data coded per card. 

Column 
1-2 	Card type number (1-2). The card type num- 

bers and their associated model variables as 
previously listed. 

3-4 	The card number (1-4). Up to four data cards 
are required to encode all the data that are 
required for a projection. Each card of a set is 
assigned a sequential number starting at one. 

5-6 	For the first projection of each execution, these 
columns should be left blank. For each suc-
cessive projection, these columns should be left 
blank if the user wishes to change the data 
from that which was coded on the corresponding 
card in the previous projection. Any integer 
other than zero should be coded in columns 5 
and 6 if the user elects to use the same data 
from the previous projection. If the length of 
the analysis period for any, projection is greater 
than it was for the previous projection, the 
additional data must be supplied for the longer 
analysis period. 

7-16, 
17-26 
27-36 For each year of the analysis period, the data 
37-46' for each of the model variables are coded in 

47-56 these columns on their respective card types on 
5766, as many cards as required. 

67-76 

If no efficiency standard is being provided, columns 
7-16 on the first card of the efficiency standard cards 
(card type 9) must contain a negative number. Other-
wise, these card columns must contain the efficiency 
standard. 

End Card 

The last card for each projection contains a value for 
the variable 10 UT. The value of lOUT controls whether 
another projection will be processed or execution will cease 
after the current projection is completed. 

Column 
1-2 	A zero (or blank) should be coded in these 

columns if data for more projections follow; or 
any negative integer, if the data for the last 
projection have been read. 

A sample of a valid data deck is contained in Table A-S. 
The program output of HURM is comprised of separate 

tabulations for each projection. The tabulation for each 
projection can be considered as being comprised of three 
elements. The first element of the tabulation is two pages 
long and lists the input data. The second element is 
contained on the third page and records the estimates of 
gasoline tax, registration fees, and excise tax collections 
calculated in the model for each calendar and fiscal year 
in the analysis period. The last portion of the tabulation 
simply lists several variables that were calculated during the 
execution of the model. These variables include new car 
sales; total auto fleet size; new car sales, weighted miles per 
gallon; fleetwide miles per gallon; and vehicle-miles of 
travel of the fleet. 

A sample of the output obtained from the version of 
HURM employed in the Kentucky field test is contained 
in Table A-6. It was generated using the data deck de-
scribed in Table A-S. The first page lists the values con-
tained on the initialization cards. The second page lists 
the assumed values of the economic and energy-related 
variables for each year in the analysis period. The third 
page lists the highway user revenues by category, by 
calendar year, and by fiscal year for each year in the 
analysis period. Also listed are values of transportation 
system variables that were calculated during the forecast. 

APPLICATION IN KENTUCKY 

HURM is designed to produce forecasts of short-run 
highway-user revenues for a state. It is also an inexpensive 
means of assessing the sensitivity of highway user revenues 
to economic and auto transportation variables. 

The production of each forecast requires that values for 
all basic economic and transportation variables be speci-
fled for each year in the analysis period. Values for such 
variables can be obtained from other macroeconomic 
models, can be assumed to remain constant, or can be set 
in line with historic trends. Values of economic variables 
obtained from macroeconomic models will be mutually 
consistent and based on economic theory. Some variables 
may be assumed to remain constant because no knowledge 
of their behavior exists. If no macroeconomic forecast is 
available, the values of the variables may be derived from 
historic trends. 

The model will produce a forecast corresponding to this 
set of possible assumptions about economic and energy 
conditions. By changing the assumptions about any 
specific economic or energy condition, an alternative fore- 



TABLE A-S 

SAMPLE HURM DATA DECK USED IN FIELD TEST IN KENTUCKY 
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4 	0,219 	0.0727 	1,571 
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cast can be produced that will show the sensitivity of high-
way user revenues to such a change. Because of the 
simplicity in the operation of the model, it is easy to specify 
a number of alternative sets of assumptions, obtain the 
calculated forecasts, and analyze the results in terms of 
their differences. 

Seven alternative highway user revenue forecasts were 
produced using the HURM model as calibrated with his-
torical Kentucky and national data. From a 1975 base, 
seven sets of economic and energy conditions were postu-
lated for 1976 through 1985. 

The seven cases include a base case; a high economic 
growth case; a low economic growth case; a case with new 
car sales, weighted miles per gallon standards approaching 
20 percent in excess of the current standard; a case wherein 
gasoline price is doubled; a case wherein the gasoline tax 
rate is increased by $0.03 in 1978; and a case with the new 
car sales, weighted miles per gallon remaining constant at 
the 1977 level. 

One possible set of economic and energy conditions was 
postulated reflecting historic trends and the state of the 
economy as one is aware of it in 1977. This case is the base, 
against which all others may be compared. The assump-
tions used include: 

Population increasing at 0.07 percent per year; 
Hourly wage rate increasing at 9 percent per year; 
Disposable income increasing at 9 percent per year; 
Gasoline price increasing at 9 percent per year; 
Consumer price index increasing at 6 percent per year; 
Unemployment rate decreasing to 5 percent by 1985; 
Average speed remaining constant at 57 mph (U.S. 
DOT, Federal Highway Administration, Highway 
Statistics 1975, Table VS-i, p.  111-7); 

Gas tax rate remaining constant at $0.09 per gallon; 
Efficiency standards set to the levels mandated by 
the Energy Policy and Conservation Act (EPCA) of 
1975, to 1985; and 
Excise tax rate remaining constant at 5.0 percent. 

The high economic growth forecast has the wage rate and 
disposable income increasing at 12 percent per year (equiv-
alent to a 6 percent per year real growth rate). The unem-
ployment rate is decreased to 4.0 percent by 1985. All 
other variables maintain the same values as in the base 
case. 

The low economic growth forecast has the wage rate and 
disposable income increasing at 6 percent per year (equiv-
alent to no real growth). The unemployment rate is in-
creased to 8.0 percent by 1977 and is held constant at 8.0 
percent through to 1985. All other variables maintain the 
same values as in the base case. 

The forecast incorporating higher standards on new car 
sales, weighted miles per gallon (SWMPG) assumes that 
the EPCA mandated efficiency standards are increased by 
20 percent from 1980 to 1985. All other variables main-
tain the same values as in the base case. 

The double gasoline price forecast doubles the gasoline 
prices used in the base case for 1978 and beyond. All 
other variables maintain the same value as in the base 
case. 

The increased gasoline tax rate forecast adds $0.03 to the 
base case values of the gasoline price for 1978 through 
1985 and raises the gasoline tax rate from $0.09 in 1976, 
1977 to $0.12 in 1978 and beyond. (Both the values for 
the gasoline tax rate variable and the gasoline price variable 
must be altered in order to produce the increased gasoline 
tax rate forecast because this is how the model is specified. 
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TABLE A-6 

SAMPLE OUTPUT USING DATA DECK IN TABLE A-S 

THE HIGHWAY USER TT"NUIT M015EM 

TIff 	HIr.IIWAY 1)51 H 	PEVFP•ll'F 	MIIDFL PROJECTiON 	140. 1 KFNTUCKY 	I976-1085 HASE 	CASE 

REGRESSION FOlIATION COFFETCIENTS 1/ 
SALES 	T(;HTE!) MILES PER GALLON NEW CAR SALES FOliATION 

CUNSTAN1 4.125S 	(0.9509) CONSTANT 	 -6.1767 	(-3.0031 
0(1-1)/PU-I) 	-2.0651 	-0.5607 0(1-1)/CU-i) 

y(I)/C(I) 

	

0.0901 	(0.1965) 

	

-0.3250 	(-0.06961 Y(fl/C(fl 	 3.9012 	(0.6299 
U(I) 	 -0.058? 	(-0.0202 

VEHICEF MIIFS OF TRAVEL FOlIATION EXCTSF 	TAX 	COLlECTIONS FOIJATIOEI 

CONSTANI 1.2141 11 	(3.6775) CONSTANT 	 0.2160 	(0.3763 
C?(T) 	 0.6727 	(0.1158 G(I)/C(T)/M(I) 

Y(I)/C(I) 
-0.3U" 	(-0.3454) 
1I0 	(0.1768) Y(I)/CU) 	 1.5971 	(0.1903 

11(1) 0..0209 	(0.0090? 
TM 0.054? 	(0.3902i 
ADJUSTMENT 0.0128 

CONSTANTS INITIALIZED VAPIA8IFS 

SCPAPPAr.F 	RATE 	 0.9570 
vMT AGF ADJUSTMENT FACTOR 	0.9170 

0(1) 	 0.8557 
T(J) 	10506990.0000 
V(I) 	1675990.0000 

TIME COST OF 	TRAVEL 
(1CCIIPANCV 1.5000 

P' 	1 	 3.3540 
Y(I) 	5062.0000 

WAGE FACTOR 0.5000 r, 	) 	 0•5800 
C(I) 	 1S9.700 PUPAL FACTOR 

URRAN FACTOR 
0.5000 
10.0000 7 	) 	17B937000.0000 

H 	) 	(,5659000.0000 
GASOLINE 	TAX ADJIJSTMFNT 	0.0926 Y 	) 	43609000.0000 

M( 	) 	 12.3260 
EXCISE TAX ADJUSTMENT -?.1886 II( 1 	 8.5000 

S(I) 	 56.0000 
REGISTRATION FEE ADJUSTMENT 0.11117 v( 	) 	 11.5400 

VMT(1) 	21688.0000 AIPTO 	FFE 	/ 	AuTo 
TPtCX FEE  

8.00)0 
fCARS(I 	110301.0000 

1
.
0335 

 

TRUCK FACTOR 

Numbers in parentheses are standard errors of the coefficients. 

PPI1JFCTTIIN 	NO. 	I KFI)TUCKY 	1978-1985 	110SF 	CASE 

1110)17 DATA 	SEPT 
C ON S ONE P 

YEAR POPULATION 
PRICE 
THOEX WAGE RATE 

OISPOSAALF 	UNEMPLOYMENT 
INCOME 	 PATE 

1976 3377070. 160.3000 11.0500 5517.00 	 7.7000 
1977 31101120. 170.0000 5.3900 60)11.00 	 60000 
1978 3424920. 100.2000 5.8800 6 55.00 	 6..7000 1979 311118903. 201.8000 6.0100 7145.00 	 6.5000 
1980 3073045. 213.7000 6.9900 7709.00 	 6.3000 
1901 31101356. 226.5000 7.6100 8409.00 	 6.0000 1982 352)038. 240.1000 8.3000 9250.00 	 5.7000 1983 3511600). 2S'l.S000 0.0500 10086.00 	 5.5000 984 
1985 

3571316. 
3506316. 

269.7998 
285.9998 

0.8600 
10.7500 

	

10994.00 	 5.3000 

	

11984.00 	 5.0000 

AVEPOOF r,ASOIIME r.ASOIINF EFFICIENCY 
YEAR SPEED PRICE TAX RATE STANDARD 

1076 57.0000 0.6300 0• 0000 15.7000 
1977 57.0000 0.6000 0.0000 I.'l000 
1978 57.0000 0.7500 9.0000 18.0000 1079 57.0000 0.8200 0.0000 100000 
1980 57.0000 0.8900 0.0000 20..0000 198) 57.0000 0.0700 9.0000 22.0000 1982 57.0000 1.0600 9.0000 20.0000 1983 
1084 

57.0000 
57.0000 

1.1600 
1.2800 

9.0000 
0.0000 

26.0000 
27.0000 

185 57.0000 1.3700 9.0000 27.5000 

YEAR 
EXCISE 

TAX RATE 
AUTO REGISTRATION 
RATE ADJUSTMENT FACTOR 

FEE 	 TRUCK 
RATE 

REGISTRATION FEE 
ADJUSTMENT FACTOR 

1076 
1977 

5.0000 
5.0000 

1.0000 
1.0000 

1.0000 
1.0000 1978 

1979 
5.0000 
5.0000 

I.0000 
1.0000 

1.0000 
1.0000 1980 

1981 
5.0000 
5.0000 

1.0000 
1.0000 

10000 
1..0000 1902 

1983 
5.0000 
5.0000 

1.0000 
1.0000 

1.0000 
1.0000 1984 

1085 
5.0000 
5.0000 

1.0000 
1.0000 

1.0000 
1.0000 



TABLE A-6 (Continued) 

THE HIGHWAY USER REVENUE MODEL 

PPBJFCTTI,N 	NO. 	1 KFNTOCKY 	1976-1986 BASE 	CASE 

Hlc.HWAY II.SEP 	REVENUES 

CALENDAR YEAR FISCAL 	YFAP 

PF(ISTRATION RFG1STPATIflN 
(,ASflLIIJE 	TAX FEE EXCISE 	TAX (ASIILI11E 	TAX FEE EXCISE 	TAX 

YEAR CUILFCTIIINS 	CPLLFCTIf)NS CBLLFCTIOMS CP1 LECTI(JNS 	CPLLFCTIONS C(1LLFCTTBI'IS 

1779064400 14149014000. 69979000. 171466100. 14442565140. 677691450. 
1q77 l7cMt600. 146752970. 876h4460. 176907000, L16R2145?0. 78772170. 
19Th 17574M700. 14RA909?O. 10291171400. 1757143600. 072tQcn. 953061140. 
1979 1751141000. 51269150. 119179200. 1746111400. 500750140. 111063500. 
19140 175060090. 5114214620. 13614144000. 1751201400. 525'41R110. 1214031609. 
19141 171080n. S65014090. 16711?goo. 1714075100. 55211310. 14699141100. 
19142 4704291400. 59572910. - 	17914141200. 471759690. 5140145500. 16141177000. 
49143 4679147200. 6271148140. 204609800. 1694814400. 6411458140. 1922214800. 
191414 1667041100. 660617140. 233046000. 1673211?00. 1,113R6300 21814121400. 
49146 465927900. 69677790 266612<100. 166314E,00. 6714140760. 214914414500. 

THE HIGHKAY USER RFVFNIJF 	MOOFL PPrJJFCT1N 	ND • 	I KENTUCKY 3q71,-q85 RASF CASE 

M1)BF( VARIABLES 

NEW CAP 
SALES 

NEW CAN TOTAL WEIGHTED FLEET 
YEAR SALES FIFFI SI7F MPG MP( VMT(MTI.LIBNS) 

4976 10314146. 17071407•  15.7000 12.7357 25174. 
1977 42144. 1750?96. 16.4000 13.2545 26093. 
49714 1360146, 4144(11,114• 114.0000 13.9723 2114147. 
4979 145170. 1rU697R. 1.0000 14.7500 214923. 
49140 4530112. 105141196•  20.0000 45.6728 30515. 
49144 16l?414. ?0S571I. 22.0000 16.590S 32443. 
1914? 16QI10. ?t171?6. 214.0000 47,71,07 331499•  
49143 175475. ?201Q611. 26.0000 19.0755 351469•  
491414 l3131. 22901409. 27.0000 20.3340 37937•  
49145 I9IQ6. 73143016• 21.6000 21.4719 3QRR0 

IN 
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The model does not calculate a new gasoline price when 
the tax rate is changed; the model user must do it.) All 
other variables maintain the same values as in the base 
case. 

The constant 1977 new car sales, weighted miles per 
gallon forecast assumes that the SWMPG remains constant 
at the 1977 level (15.7 mpg) for all the years in the 
analysis period. All other variables maintain the same 
values as in the base case. 

The results of these seven alternative forecasts are given 
in Table A-7. Figure A-2 contrasts the base case findings 
with those of high and low economic growth. Figure 
A-3 contrasts the base case findings with the forecasts 
produced from alternative assumptions about sales weighted 
miles per gallon standards. Figure A-4 contrasts the base 
case findings with the forecasts produced from alternative 
assumptions about gasoline prices. 

SUMMARY OF MODEL EQUATIONS 

The equations that form the heart of the forecasting 
model were described earlier. The entire set of equations 
presented in this section is summarized as follows. Lists of 
succinct variable definitions and the variables that must be 
initialized are also presented for reference. More precise 
definitions for the variables can be found in the detailed 
description of the model operation discussed previously 
under "Detailed Model Description." These definitions are 
elaborated on later under "Model Calibration." 

Variable Definitions 

The variables are defined as follows: 

a, b, c, d 	Regression coefficients 
Q1 	 New car sales, weighted miles per gallon 

G1  Gasoline price 
C, Consumer price index 
E. Efficiency index 
C2i  New car sales 
P, Population 
0i Age-adjusted passenger car stock 
Yi  Disposable income 
U1  Unemployment rate 
A Scrappage rate 
B VMT age adjustment factor 
Ti Weighted fleet-miles per gallon 
Mi  Average fleet-miles per gallon 
Cl1  Cost of travel 
Occupancy Average vehicle occupancy (constant) 
Wage Factor Factor relating wages to the value of 

travel time (constant) 
Wi  Hourly wage rates 
r and u Factors depicting the relative amounts 

of time spent in rural and urban driving 
(constant) 

Si Average highway speed 
V11  Fleet VMT 
Zi  Gasoline tax collections 
Vi  Number of vehicles in the fleet 
X1  Registration fee collections 
B2i  New car weight product 
k A constant used to index the annual 

EPA technical efficiency constant to E1  
(see earlier discussion under "Detailed 
Model Description") 

B11  Old car weight product 
H1  Excise tax collections 

Initialized Variables 

The following variables are initialized for the year prior 
to the analysis period: G, C, P, 0, T, Z, V. X, H. 

TABLE A-7 

ALTERNATIVE HIGHWAY USER REVENUE FORECASTS 

ASSUMPTIONS FORECASTS 

DISPOS- CONSUMER REG. EXCISE 
ABLE PRICE NEW GAS TAX FEE TAX 

PERSONAL INDEX GAS UNEMP. CARS COLt. COLt. COLt. 
INCOME 1967=100 PRICE RATE SOLD (106) (106) (106) (106) 

1975 VALUES 5062 159.7 0.58 8.5 110301 24688 178.9 43.6 65.6 

1985 VALUES 

BASE CASE 11984 285.9 1.37 5.0 188256 39838 166.2 70.0 252.3 
HIGH ECONOMIC GROWTH 15722 285.9 1.37 4.0 295828 58849 236.4 85.5 527.6 
LOW ECONOMIC GROWTH 9065 285.9 1.37 7.0 113446 27354 120.0 57.7 114.9 
HIGH SWMPG STANDARDS 11984 285.9 1.37 5.0 188256 41094 156.7 70.0 252.3 
DOUBLE GAS PRICE 11984 285.9 2.74 5.0 188256 31356 130.8 70.0 252.3 
INCREASE GAS TAX RATE 11984 285.9 1.40 5.0 188256 39541 220.0 70.0 252.3 
CONSTANT 1977 SWMPG 11984 285.9 1.37 5.0 188256 35277 209.3 70.0 252.3 

AVERAGE ANNUAL GROWTH 
RATES 	(1976-1985) 

BASE CASE 9.0 6.0 9.0 - 6.3 5.4 -0.5 5.0 15.5 
HIGH ECONOMIC GROWTH 12.0 6.0 9.0 - 10.5 9.5 +3.0 7.3 23.7 
LOW ECONOMIC GROWTH 6.0 6.0 9.0 - 1.7 1.5 -3.7 2.8 7.2 
HIGH SWMPG STANDARDS 9.0 6.0 9.0 - 6.3 5.7 -1.1 5.0 15.5 
DOUBLE GAS PRICE 9.0 6.0 17.7 - 6.3 2.6 -3.2 5.0 15.5 
INCREASE GAS TAX RATE 9.0 6.0 9.3 - 6.3 5.3 +2.6 5.0 15.5 
CONSTANT 1977 SWMPG 9.0 6.0 9.0 - 6.3 3.9 +2.1 5.0 15.5 
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The old car weight product, Bi, is initialized for the first 
year of the analysis period. 

Model Equations 

The equations that forecast the highway user revenues 
were described earlier, and are listed, as follows, for 
reference. 

= ea * (G_1/(C_1 * E))b E 	(A-20) 

If an efficiency standard, R, has been supplied, and if 
the new car sales, weighted miles per gallon, Q, which is 
forecast by the Eq. A-20, does not meet the standard, set 
Q1 equal to R1  thereby overriding the forecast of Q. 

C2. = Pi ea (Q1/P1)b (Y/C)c e * U (A-21) 
0. = C21  + (A B * 0) 	 (A-22) 
T j  = C21  Q, + (A B 	 (A-23) 
M=T/O 	 (A-24) 

C1 i  = ((Occupancy Wage Factor * W)/C1)/ 
(rS+u) + (G1I(CM1)) 	 (A-25) 
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* The forecasts are fiscal year forecasts in current dollars. The numbers 
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Figure A2. Forecasts of highway user revenues in Kentucky—obtained using alternative assumptions about 
the growth of the economy. 
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V1, = P 	ea * C1 	(Y/C)° * ed * U j   
Z=D. * (Vl/M)  
V = (A 	v_1 ) + C2  
X1  = V j 	Average Fee  

B2 j 	C2 * E/ (Q, * k)  
B1= (B1 1  + B2 1 ) *A  
HC* (a *B1+b *B2)  

The regression coefficients must be estimated for the 
foregoing equations, which forecast Q, C21, V1, and H. 

In addition the scrappage rate, A, and the VMT age ad-
justment factor, B. must be estimated. 

SUMMARY OF MODEL EQUATIONS 
FOR FIELD TEST IN KENTUCKY 

The set of equations forming the basis of the forecasting 
model was calibrated in a slightly different form in the 
field test in Kentucky. Several new variables were added, 
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**The only identifiable short run effects of these policies are obs"rved for 

motor fuel tax collections. 

Figure A-3. Forecasts of highway user revenues in Kentucky—obtained using alternative assumptions about 
new car sales, weighted miles per gallon standards. 
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and several variables in the Maryland model were not used 	Variable Definitions 
in the field test. The variables that were employed in the 
field test and the variables that must be initialized are 	The variables are defined as follows:  
presented as follows. The equations used in the field test 	a, b, c, d, / 	Regression coefficients 
are then outlined. 	 Qi 	New car sales, weighted miles per gallon 
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* The forecasts are fiscal year forecasts in current dollars. The numbers 
in parentheses are the 1985 forecasts in 1976 dollars. 

** The only identifiable short run effects of these policies are observed 
for notor fuel tax collections. 

Figure A-4. Forecasts of highway user revenues in Kentucky—obtained using alternative assumptions about 
the price of gasoline. 
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G1  Gasoline price 
Ci Consumer price index 
C2i  New car sales 
P1  Population 
01  Age-adjusted passenger car stock 

Disposable income 
Ui  Unemployment rate 
A Scrappage rate 
B VMT age adjustment factor 
Ti  Weighted fleet-miles per gallon 
mi  Average fleet-miles per gallon 
TM1  Time cost of travel per mile 
TADJ Average annual growth rate of truck 

registration fees per auto 
Occupancy Average vehicle occupancy (constant) 
Di  Gasoline tax rate 
Wage Factor Factor relating wages to the value of 

travel time (constant) 
Wi Hourly wage rates 
r and u Factors depicting the relative amounts 

of time spent in rural and urban driving 
(constant) 

S. Average highway speed 
V!1  Fleet VMT 
Z1  Total motor fuel collections 
V, Number of automobiles in the fleet 
X1  Registration fee collections 
H1  Excise tax collections 
AREG Auto registration fee collections 
TREG Truck registration fee collections 
AAVE and 

TAVE Average auto and truck registration fees 
per auto. 	These factors are estimated 
based on the data for the year prior to 
the analysis period. 

AAVE = AREG/V1  

TAVE = TREG! V1  

Initialized Variables 

The following variables are initialized for the year prior 
to the analysis period: G, C, P, 0, T, Z, V, X, H, V1, C2, 
ETR, ARFF, TRFF, Y, D, M, U, S, W, AREG, and 
TREG. 

Model Equations 

The equations that forecast the highway user revenues 
are listed as follows: 

Q= e * (G_1/C_1)b (Y1/C1)° 	(A-33) 

If an efficiency standard, R, has been supplied, and if 
the new car sales, weighted miles per gallon, Q, which is 
forecast by Eq. A-33, does not meet the standard, set Q1 

equal to R1  thereby overriding the forecast of Q. 

C2, = Pi * e (01_1/P_1)b (Y/C)° * ed U (A-34) 
0. = C2, + (A B O_) 	 (A-35) 
T= C2 Q + ( A * B T1_1) 	 (A-36) 
M= T1/01 	 (A-37) 

TM1  = ((Occupancy * Wage Factor * W) / C1 ) / 

(r * S + u) 	 (A-38) 
V1= P * e* * TMb * (Y1/C1)c * eC U 

(G1/C/M)f 	 (A-39) 
Z= D1 * (V11/M1) 	 (A-40) 
V= (A * V 1) + C2, 	 (A-41)  

Xi  = V * (ARFF1  AAVE + TRFF TAVE 
* TADJ*-') 	 (A-42) 

H, = C1 * ETR, e* * C2b * (Y1/C1)° 	 (A-43) 

The regression coefficients must be estimated for the 
foregoing equations that forecast Q,, C21, Vl, and H,. In 
addition, the scrappage rate, A, the VMT age adjustment 
factor, B, and the annual average growth rate of truck 
registration fees per auto, TADJ, must be estimated. 

PROGRAM LISTING OF MARYLAND HURM 

HURM was originally coded in the BASIC programming 
language by the Maryland Department of Transportation. 
In order to make the program more widely transferable, 
HURM was recoded in FORTRAN and this is the version 
shown in Figure A-5. 

This version incorporates no changes in the formulation 
of the revenue forecasting model or the program logic. 
The only changes that have been made between the BASIC 
version and the FORTRAN version are as follows: 

I. The length of the analysis period was extended to 25 
years. 

Input operations were modified to facilitate batch 
processing. 

Output operations were modified to best utilize a 
line printer. 

PROGRAM LISTING OF HURM VERSION 
USED IN KENTUCKY FIELD TEST 

During the course of the Kentucky field test, some minor 
modifications to the program shown in Figure A-S were 
made. Some modifications to the program were required 
to incorporate revisions to the functional forms of some of 
the equations embedded in the program. Other modifica-
tions to the program were made to facilitate its use. 
Specifically, all constants and coefficients used by the model 
are input to the program in this version (see Fig. A-6), 
whereas in the earlier version they were embedded in 
model equations. In addition, all coefficients and constants 
are printed by the program in order to identify the values 
for the coefficients and constants that are associated with 
any particular set of revenue forecasts. 

MODEL CALIBRATION 

In order to use the HURM program as currently formu-
lated, several constants and regression coefficients must be 
estimated. The following discussion describes the constants 
and variables that must be developed and the procedures 
that can be used to generate them. Descriptions and 
sources for all data items are included in the discussion 
and are elaborated on later under "Summary of Data 
Requirements and Sources for Calibration and Use." 

To the maximum extent possible, data for the user state 
should be used rather than national statistics or statistics 
from a comparable state. The sources cited in the discus-
sion include only state statistics that are available from 
national or obvious state sources. However, if other state-
level sources can be found, they should be used. 

Except for a few exceptions, the estimation procedures 
defined here should be used in the same order as they are 
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THE HIGHWAY USER REVENUE MODEL 

Page 1 

FORIRAN lv G LEVEL 21 	 MAIN 
	

DAlE 	77043 	 21133139 

C 
C 
C THE HIGHWAY USER REVENUE MODEL 
C 
C 

0001 	 DIMENSION C4261, E(26), P(26). 5126), W(26), T(26), 0(26), 1(26), 
IV(26). M(261, CUb), 7(26)1 *1261, 8(26), 0(26), 5(26), U(26), 
2R(26), IlItE(2C), OUPiMY(7), VN1I26), PPIZ6), NCARS(26),'vy(26) 

00C2 	 iNTEGER COXYP, CDSET, CONC, PROMO, EFSIA, YEAR 
00C3 	 REAL NCAR5,M 

C 
C SIAlEMtr1 1701 PRINTS THE TITLE PAGE AND RFIIjRN5 
C 

004 	 GO 10 1701 
0065 	 1702 PRUN30 

C 
C ZERO EFFICiENCY STANDARD ARRAY PRIOR TO READ OPERATIONS 
C 

0006 	 DLI 1900 II.2t 
0007 	 R(1)'0.0 
0008 	 1900 CONTiNUE 
0009 	 1001 PRUNO=PRONO.1 
0010 	 REAO(5,2001)N,(T1TL((I),11,20) 
OOIA 	 2001 1U)i1AI(I2,20A2) 

C 
C STAIEN41 1002 PRINTS PAGE HEADING AND RETURNS 
C 

0012 	 GO TO 1002 
OOlj 	 1003 CUNJINUE 
0014 	 1F(25-N)10C4,1C05,1005 

C ST E.1EN1 1004 IS A DIAGNOSTIC ERROR MESSAGE 
0015 	 1005 CONTiNUE 

C 
C CALCULATE THE NUM8ER OF CARDS FOR EACH VARIAbLE 
C 

0016 	 NOCOS=(N46)17 
0017 

C 
C READ POPULATION CARDS 
C 

0018 	 00 bOo .I'i,NtICDS 
0019 	 CDSET 1 
0020 
0021 	 2002 FURMAI(I2,I2,12,7F10.0) 
0022 	 If(CO7YP-005(I)1007,1008,1007 
0023 	 1008 IF(CON0-J)1009,I010,1099 
0024 	 1010 I1(4SE1)10Co,1012,1C06 
0025 	 1012 00 38C6 K1,7 
0026 	 II (J-1 )*74K') 
0027 	 II(M-II)8030,8(101,800b 
0028 	 8001 PP(I1).DuNI) 
DQ?4 	 Pill) PP (11)11000000. 

C(•IE 

C 
C RiAD (RI CARDS 

Figure A-5. Program listing of Maryland HURM. 
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Page 2 

FORTRAN IV C. LIVEL 21 	 flAIN 	 DAlE = 77043 	 21133/39 

C 
0032 8000 DO 1013 J=1,NQCDS 
0033 COSET=2 
003. ME0(5,2003)CDlTP,CONO,NwSE1,(Dupi,,y(I),I1,7) 
0035 2003 F(JRNAT(12,12,12,7F10.4) 
0036 1fICD7YP-COSEI11007,1014,]007 
0037 1014 1F(CDNO-J)lGOc,1015,100c 
0038 1015 11(NWSIT)1013,1017,1013 
0039 1017 00 	3613 Ks1,7 
00 ,40 11 	(i-i 1*74K,  1 
CtJ.1 lftI-lI)8002,8CO3,8o03 
0042 8003C(11)[jUty(K1 
0043 3813 CON11NUE 
0041. 1013 C(m11140E 

C 
C READ kAGE 	RAIl 	CARDS 
C 

0045 8002 00 	1016 J=l,NOCDS 
004b CDSEI=3 
0047 R1AD(5,2004)CDlyP,CONQ,NWSE;,(CUMMY(I),11,7) 
0048 2004 F0RMAI(I2,12,12,7110.4) 
0049 1ICDlYP-00SEfl1007,1019,1c07 
0050 1019 1f(CDNU-J)IC0S,1020,1C09 
0051 1020.1i(NWSEI)1018,1022,1018 

1022 00 	3818 	K=1,7 
0053 11.(J-11*7'K41 
0054 IF(N-1138004,8005,8005 
0055 8005 1I)=DLthJiY(K) 
DOSO 3818 CUP71r0E 
0057 1018 COP4IIMJE 

C 
C READ DiSPOSABLE 	INCOIIE CARDS 
C 

0058 8004 00 	1023 	J.1,NOCDS 
0059 ((1511 =' 
00b() READ15,20053CDlYP,CDN0,NiSEl,(OuplMy(1).1.1,71 
0061 2005 FURNAI(12,12,12,7F10.2) 
0062 I14CDIYP-CDSEHI007,1024,1007 
0063 1024 I1(CDNO-J)1009,1025,1009 
0064 1025 IF(NwSET)1023.1027,1023 
0065 1027 DO 	3323 K1,7 
0066 iI(J-11'74I4i 
0067 11 (N-Il 38006,8007.8007 
0068 8007 YY(II)'DUMMV(K) 
0069 Ye 1l)=TY(1l)I1000. 
0070 3823 COlIlrlUE 
0071 1023 CONTiNUE 

C 
C READ UNEMPLOThIN1 	RATE CARDS 
C 

0072 8006 Dli 1028 	J=1,NUCDS 
0073 CDSET=5 
0074 READ(5,2006)CtJTyp,CDND,NwSE1,(DUNMY(1),1.l,7) 
0075 2006 IOR8A 1112,12,12,7110.4) 
colb IFLCDITP-(O5El)1007,10290 1007 
0077 1029 iF ICDNO-J)1009,1030, 1009 

Figure A-5. Continued 
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Page 3 

FOR IRAN IV G LEVEL 21 
	

NAIN 	 DATE 	77043 	 21133139 

0078 1030 II (NWSLT)1028,1032,1028 
0079 1032 00 3828 Kl,7 
0080 1J=(J-1)'7+K41 
0081 IfN-I1)800808CO9,8009 
0002 8009 U(J130UNt1Y(K) 
0083 3828 CONTINUE 
0084 1028 CONTINUE 

C 
C READ AVERAGE SPEED CARDS 
C 

0085 8008 DO 1033 	J.1,NCCDS 
008b CUSEIb 
0087 READ(5,2007)C0IVP,CDNO,NWSEI,(UUIIMYII),I.'1,7) 
0058 2007 FJR?iA1(i2,12,12,7F10.4) 
0089 II(CDTYP-CDSET)1007,1034,1007 
0090 1034 JF(CDrlO-J)1009,1035,1009 
0091 1035 IFINWSLfl1033,1037,1033 
0092 1037 DO 3333 KI,7 
0093 11J-1J07.k.1 
0094 IFIN-11)8010,8011,bO11 
0095 8011 S1I)=OUMPtY(K) 
00' 3833 CONTINUE 
0097 1033 CONTINUE 

C 
C READ GASOLINE PRICE CARDS 
C 

0098 8010 DO 1038 	.Z=I,NOCDS 
0099 CDSE17 
0100 kEAD(5,20O8CO1VP,CDNO,NwSEI,lCtjMNTl)),11,7) 
0101 2008 lURMAJ(12,12,i2,7F10.4) 
0102 JFICDTYP-CD5EIJ1007,1039,1007 
0103 1039 IF400NU-J)1009,1040,1009 
0104 1040 IFCNUSEI)1038,1042,1038 
0105 1042 00 3838 K1,7 
00b 1I(J_1)*7,K4 1 
0107 II(N-I1)8012,8013,8013 
0108 8013 GLI1)DUMYK1 
0109 3838 CONTINUE 
0110 1038 CONTINUE 

C 
C READ GASOLINE TAX 	PATE CARDS 
C 

0111 8012 00 	1043 J1,NtJCDS 
0112 C0SII8 
0113 RFAD(5,2009)CDIYP,CDNQ,NwET,(0UNI1yIJ),I=j,7) 
0114 2009 F6RriA112,12,i2,7FjO.4) 
0115 JF(CDIP-005E1)1007,1044,1007 
0118 1044 3r-(CDNt3-JU009,1045,1009 
0117 1045 iF(NwS1t)1043,1047,1043 
0118 1047 00 	3843 K1,7 
0119 1I=(J-1)'74K+1 
0120 1fIN-1138014,8015,8015 
0121 8015 D(I1)DUMM1(K) 
0122 3843 CONTINUE 
0123 1043 CEJNZINUE 

C 

Figure A-S. Continued 
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Page 4 

FORIRAN IV G LEVEL 21 
	

AJH 	 DAlE 	17043 	 21/33139 

C READ EFFiCIENCY iNDEX CARDS 
C 

0124 8014 DO 1048 J*1,NOCDS 
0125 CDS1i9 
0126 RIAU(5,20i0)CDTYP9-CDN0,NWSEl,IUUMMYtII,I1,7) 
0IZ7 2010 IJkNAT(l2,12,I2,7F10.4) 
0128 IF(CDTYP—CDSE1)1007,1049,1007 
0129 1049 11 (CDNO—J)100';,1050, 1009 
0130 1050 IF(kWSEI1048,1052.1048 
0131 1052 DO 	3848 K1,7 
0132 11(J-1)'74K+1 
0133 IfIN—IJ)8016,8017,8017 
0134 8017 E(11)DUMWV(K) 
0135 3848 CLaNIINIJE 
0136 1048 CONTINUE 

C 
C 	REAL) EIFICIENCY S1ANDARD CARDS 	(OPTIONAL) 
C 

0137 8016 00 1053 J=1.NOCDS 
0138 CUSEIrIO 
0139 READ12011)CD1YP,CDN0,NWSET.(CUNPYIi),I1,7) 
0140 2011 FURP%Al(12,12,12,7F10.4) 
0141 II(0Ur.W))10c0,1061,10b1 
0142 I061 JIIC01YP—CDSE1)1CC7,1059,1007 
0143 1054 1F(CDN0—J)100(0,1055,1C09 
0144 1055 IF(NwSLT)1053,1057,1053 
0145 1057 00 3853 K1,7 
0146 11'J-1)$74K,1 
0147 II LN-11)8C1B,8C19,8019 
0148 8019 Rti1)DUNP,Y(K) 
0149 3653 CU1IIUUE 
0150 1053 CLiNJINUE 
0151 8018 IFSIA=0 
0152 CU 10 	1062 
0153 1060 EFSlA1 

C 
C READ THE 	VARIABLE 	eIOUT 
C 

0154 1062 READ(592012)IUUT 
0155 2012 IORMAI(12) 

C 
C 	INTIAL1ZE 	VARIABLES FOR 	THE 	LAST YEAR 8EFORE 	THE 
C 

0156 0(1)12Z1.725187 
0151 1(1)14904.91553 
0158 VI1)=199S103 
0159 P111=4.094 
OIoO 81'4.7.229423148.0.8597463333)00.919 
01t1 G1))0.5268 
0162 C(1)=1.54 
0163 Ht1)63556634 
0164 Z11)=1910613242.'0.09*1.0331 
0165 X(1)'68892119 

C 
C CALCULA1E HIGHWAY USER REVENUES 
C 

ANALYSIS PERIOD 

Figure A-5. Continued 
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Page 5 

FORTRAN IV 6 	LEVEL 21 	 MAIN 	 DAlE 	.77043 	 21/33/39 

0166 00 1100 	I=2,N 
0167 Q(1).EXP(3.2376)*(G(1-1)lC(1-1)IE(1))''0.62E(I) 
01.68 11 (EFSIA)110I,j]O2,1101 
0169 1102 1I(Q(1)-R(1))1103,1103,l101 
0110 1103Q(1)=Rt11 
0111 1101 C2P( 13*EXPIII.986}'(DC1-1)/PII-1) )**(-Z.125) 
0112 02=C24(Y11)IC(1))**3.654$EXP(-0.057*U(1)) 
0113 NCARS4I).C2*1000 
0114 11U0(1)4C240.9085*0.919*1(I-1) 
0175 D(1)=C2.0.9085'0.919'O(I-1) 
0176 M112.1(I)/UtI) 
0117 C1=41.5'0.5$w(1)/C(I))/(0.5*SI1)410.).G(1)/CII)/PI(1) 
011t V1=P(1)*EXPIb.Z75440.039*CJ**(-0.439)$(Y(1)/CCI))**1.048* 

1EXPCO.009*U4I 11 
0179 V1i141)=V1 
0180 ZtI)=D(1)/100.*V1$1.033I*1000000./MII 
0181 Vt1)=0.9194V(I-11C2*1000 
OItiZ X11134.46151549'V(I) 
0183 82=C2*1000'49400'E(1)lQ(1)I1CC0000000 
0184 H(1)C(1)*1,000C00*t-3.1635.2.692*01.29.045082) 
0185 BA =18 liB2)*0.919 
0186 1100 CONJ1NUE 
0187 60 10 7000 

C 
C PRINI hILL 	PAGE 
C 

0288 1701 WRITFlbj93321 
0189 9332 FORMAI(1H11 
0190 WR11E16,9333) 
0.191 	• 9333 FIJKMAH1HOIIIIIIIIIII!I) 
0192 WKJIE(6,9334) 
0193 9334 FORMATIIII 	,120(1H*1) 
0194 00 9350 	111=1.5 
0195 WRITEI6.9335) 

9335 FOkMAT(IH 	,1I4',118X.1H') 
0197 9350 CUN1INUE 
0198 
0199 9336 FORMAIIIN .IH'.29X,59H1 H E 	H 	1 6 H W A Y 	U S E R 	P E V E N 

lii 	L 	Ph 0 0 1 	L.30X.1H'I 
0200 00 9351 	111=1,5 
0201 . WRIIE(b,9335) 
0202 9351 CUNiJNUE 
0203 W Rh1El6,9334) 
0204 60 10 	1702 

C 
C 	PRJNI PAGE HEADING 
C 

0205 1002 wRhh1(6,3001)PR0NO,l11TLE(1),I1.20) 
0206 3001 FORMAI(IH1.30111H1 HiGHWAY USER REVENUE MODEL,1OX.15HPROJECIJON NO. 

1 	,12,23X,20A2) 
0207 60 10 1003 

C 
C PRINI INPUI 	DATA LJECK DIAGNOSJIC 	ERROR MESSAGES 	IF APPLICABLE 
C 

0208 1004 WRITE (6,3002) 
0209 3002 FURMAII1HO/IHC,74H1H1 LENGTH OF 	THE ANALYSIS PER1UD P101.1151(0 EXCEEDS 

Figure A-S. Continued 
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Page 6 

FORTRAN lv 6 	LEVEL 22 	 NAIN 	 DATE 	77043 	 21133/39 

TEDS THE 	UNIT 	OF 	THE NODILILHO,62HTHE 	LENGTH OF 	THE 	ANALYSIS 	PERIOD 	hA 
20 HAS BEEN REVISED 10 25 YEARS) 

0210 N25 
0211 WRITE(b.3001)PROND,(IITLE(I),I.1,20) 
0212 60 	20 	1005 

C 
0213 1007 WRITE (t,30C3)COSET 
0214 3003 FORMAT(IHO!1HC,9HCARO SET 	.12,I6H 	IS 	CIJI OF 	ORDER) 
0215 60 TO 4001 

C 
0216 1009 WRITE (6,3004)C0S[T,J 
0217 3004 FORNAI(AHOITHO,1214 1P4 	CARD SET 	,12,6H CARD .II,IoH 	IS OUT OF 	UROER 
0218 60 10 4001 

C 
C 	PRINT FIRST PAGE 	01 	INPUT DATA 
C 

0219 1000 WRiTE (6,3005) 
0220 3005 FORMAI(IHO,10x,17HINPUI DATA SERIES) 
0221 WRITE(6,3000) 
0222 3006 FtJRMAT(IHO,l/1H ,44X,8H(ONSUNER) 
0223 WR11E(6,3007) 
0224 3007 FORNAT41H ,45X,5HPRIC1,30X,IOHDISPOSABLE,8x,I2HUNE$pLOyMENI) 
0225 WRITE 16,3008) 
022k 3008 FOI1MAI(LH 	,10X,4HYEAR,9x,IOHPOPULAIION,12x,5IiINDEX,12x,9HWAGE 	RATE 

1.1 1X, 6HJNCQM[ ,14X,4HRATE ) 
0227 WRIT[(6,3100) 
0228 3100 FORMAII1HO) 
0229 YLAR1973 

00 8500 1,N 
0231 IYEARYEAR.1 
0232 WRIIE(6,3009)Iy(AR,pP41),C(I),W(I),,y(1),u(I) 
0233 3009 FORNAI(1H .IOX,14.9X,FJ0.O,9X,F10.4,9x,F10.4,qX,f1O.2,9X,Fl0.4) 
0234 8500 CONI1NUE 

C 
C 	PRINT THE 	SECOND PAGE OF 	INPUT DATA 
C 

0235 WRIIE(b,3001)PRONO,(IJILE(j),I=1,20) 
0236 WRITE (6.3005) 
0237 WRIIE(6,3010) 
0238 3010 FCJRMAT( 1HO,I/ IHO,26X.7HAVERAGE,IIX,8HGASOL INE. I1X,8HGASOLINE,9X,1O 

IHEFFICIENCY,9X,1OHEFFICIENCT) 
0239 kR11E(6,3C]1) 
0240 3011 FURtiJ(jH ,I0X,4HY[AR,13x,5HSpEED,13x,5HPRICE,13x,8HTAX RATE,l1X,5 

IHINDE X,13X, 8HSTANDARO) 
0241 WRIIEI6,31001 
0242 DO 7500 I2,N 
0243 IYEAR=YEAR4I 
0244 WRITE(6,3012)1Y[AR,S(II,G(I),D(1),[(1),R(J) 
0245 3012 FURMAI(1H ,10,I4,9X,F10.4,9x,F1O.4,9x,F1O.4,9x,F10.4,9x,f 10.4) 
0246 7500 CONTINUE 

C 
C PRINT 	THE HiGHWAY USER REVENUES PAGE 
C 

0247 Wkl1L(693001)PRONO,(TJTL[(J),I.1,201 
0248 WRIIE(6,3013) 
0249 3013 IORNAT(1H0,10X,21HHIGHWAY USER REVENUES) 

Figure A-S. Continued 
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Page 7 

F0RTAN IV 	(, 	LEVEL 21 	 MAIN 	 DAlE 	77043 	 21133139 

0250 WI1E(6,3014) 
0251 3014 F(JRMAI(IH 	I/ill .33X,I3HCALENDAR 	YEAR,41X,IIHFISCAI 	YEAR) 
022 W$ITE(893015) 
0253 3015 
025' RXT1(t,3016) 
025 3016 F1iNA1(1H 	,17X,121IGASOLINE 	lAX,8X,3HFE(,10x,JO-$ExC15E 	IAX,11X,12HG 

1ASOLINE 	IAX,8X,3HFEE,10X,1O14EXCISE 	lAX) 
0256 wk11E16,3017) 
0257 3017 FORMAT tiN ,4X,4HYEAR.I0X,3(IIMCDLLECIICNS,5x),oX,341IHCDLLFCT1ONS, 

ISX)) 
0258 R1ZE(6,310C) 
0259 DC) 9500 	I2,N 
C20 1YEARYEAR.1 
0261 FZ'(l (]-l)Z( I ))12 
0262 FX=(X(J-fl,x( 1)1!? 
0263 FH(H(j-I).HI 1)112 
02t4 VR11E6,960t))1YEAI,Z(]).x(I),H(J),FZ,FX,FH 
025 9600 FLJRMATI1H 	,4X,14,9X,31E12.0,4x),6x,3(F12.0,4x)) 
0266 9500 CUN1INOE 

C 
C PRINT 	MODEL 	VARJA8LES PAGE 
C 

0267 Wk11E(b,3001)PRONO.(1I1L1(1I,1=1,20) 
0268 WIIE(6,3O16) 
0269 3018 FUR 	AH1HO,IOX,1SHPII3DE(. 	VARIABLES) 
0270 WRIIE(6,3019) 
0271 3019 FLiRMAI(iN 	I/IN .62X,7Ht4EW CAR) 
02117  WR1lA(6,3020) 
0273 3020 F&RtA11H 	,63X,5HSAL15) 
0214 

1 

VRITE(6.30211 
0275 3021 FUMAT(1H ,27X,7NNEW CAR,IIX,SHTOJAL,11X,8HWLIGHJED,12x,SHFLELT) 
027o WRITE(6,3022) 
0277 3022 FURMAI(1H ,1OX,4HYEAR,14X,5HSALES,10X,IOHFLEIT 	SIZ[,1OX,3H#PG,1oX, 

I3HPIPG,14X,13H Viii (MILLIONS)) 
0218 WRIIE(693100) 
C219 DO 	9100 	12.N 
0280 IAR=YEtR41 
0281 VRI)Etb,3023)IYEAR,HCARS(i),V(1),Q(J),pj(I),yiil(I) 
0282 3023 FORMAI(IH ,IOX,14,I1X,F1O.0,8X,F10.O,8x,F 10.4,8x,F10.4,8X,F15.0) 
0283 9100 CONTINUE 

C 
C PLILjRN 	TO PRODUCE 	THE NEXT 	511 	01 	PROJECTiONS OR TERMINATE 	EXECUTION 
C 

0284 IF(IOUI)4001,1001,40C2 
0285 4002 WR1lE(o,3001)PRE3NO,(TITLE(I),1=1.20) 
0286 WRITE(6,9601)PRONO 
0287 9601 FURMAT(iHO,SbIilHE CARD FOLLOWING THE 	INPUT DECK FOR PROJECTION NUN 

1BER ,12,32H 	IS 0811110 OR 	INCORRECTLY 	CODED) 
0288 WRIfl(6,9332) 
0289 4001 SlOP 
0290 END 

Figure A-5. Continued 
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THE HIGHWAY USLR REVENUE MODEL 

	

1 	 DIMENSION C(76) E(?6) P(?6) 5(26) 11(26) Y(26) ()(?6) T(?6), 
lV(26), M(26) 0?6), 7?h), X26), H?26) 126) G?6), U?6), 
?R(26), TITLE?0) DIIMMY(7). VMT(?h) PP(6), NCRS(26) YY(26) 

	

2 	 DIMENSION FV(S) p5(S) ,FC(5) ,FH(S) ,EtP(26) ,ARFF(26) ,TRF(26) 

	

3 	 INTEGER (IOTYP, DSFT, CDNO, PRONO. (fFSTA e  YFR 

	

'I 	
C 	

REAL NCARS,M 

C STATEMFNT 1701 PRINTS THE TITLE PAGE AND RFTI.PRNS 
C 

	

S 	 Gn TO. 1701 

	

6 	1702 PPONO:fl 
C 
C ZERO FFFICIFNCV STANDARD ARRAY PRIOR TO READ OPERATIONS 
C 

	

7 	 DO 1900 1:1.26 

	

11 	 R(I):O.0 

	

9 	1Q00 CONTTNDE 

	

10 	1001 PRONO:PRDNI1+1 

	

It 	 PEED (S 2001)N YEAR NCK,(TITIF(I),T:l,20) 

	

12 	2001 FORMAT ?I2,I1I.I 1 200) 

C STATEMENT 100? PPT.'TS PAGE HEADING AND PFTHRNS 
C 

	

13 	 GO TO 100? 

	

111 	1003 CONTINLIE 

	

15 	 IF(25-N)1004 1005 1005 
C STATEMENT 10011 14 A DIAGNOSTIC ERROR MFSSAGF 

	

16 	1005 CONTIMIIF 

	

17 	 YEAR:YEAP-2 

	

IS 	 TF(NCK) 1109,1199,900 

	

19 	1190 CONTTN(JF 
C 
C 	READ REGRESSION COEFFICIENTS FOR VMT F.OUATION 
C 

	

20 	 PEAt) (5 1100) IT (FV(T) T:l,S) 

	

21 	 IF (IT-?) loll A10,10l? 
22. 	1100 FORMAT  

C 
C 	RFAD RFGPFSSIDN r.nFFEICIENTS FOR NEW CAR SALES WEIGHTED MPG EQUATION 

	

21 	1110 READ (5,1100) IT (F11(I),I:1,5) 

	

211 	 IF(TT-2) l011,R0,I01j 
C 
C 	PEAD REGRESSION COEFFICIENTS FOR NEW CAR SALES FOlIATION 
C 

	

25 	1120 READ (5,1100) IT (FC(I),I:1,5) 

	

26 	 IF(IT-3) 10hI,R0,10h1 
C 
C 	READ REGRESSION COEFFICENTS FOP EXCISE TAX FOliATION 
C 	 - 

	

27 	1130 READ (5.1100) IT, (FH(I),I:I,5) 

	

211 	 IF(IT-'l) 1011,900,1011 
C 
C 	READ ALL OTHER CONSTANT VALuES 
C 

	

29 	$110 READ (5,1100) IT SCRAP VMADJ, AREG,TREG,TAOJ 

	

30 	 IF(IT-5) I0hI,R'0,l011 

	

31 	1150 READ (5.1100) IT.VMT(l),NCAMS(1),FTP(l),ARFF(1),TPFF(I) 

	

3? 	 JF(IT.$) lOhl,1160,lOhl 

READ VAi!IE.S FHP LAST PEPTO!) BEFORE THE AIJA! YSIS PERU)!) 
C 

	

33 	1160 READ (.5,1100) ITO(t),T(1),V(l),P(1),Y(l) 

	

311 	 lENT-i) 1011
1 
R0 1011 

	

35 	1170 READ (5,1100) IT,Gh),C(I!.H(1),7(1),X(l) 

	

36 	 TF(IT-9) 1011,11110101! 

	

37 	11110 READ (5,1100) TT,fl?  

	

39 	 JF(IT-9) 1011, 1190 1011 

	

39 	1190 READ (S1100) IT,OCl,WAGE,PlJPA1,UR8AN 

	

£10 	 TENT-la) 1011, 900,1011 

CALCULATE THE HUMMER OF CARDS FOP FACH VAPTARLE 
C 

	

Ill 	Q00 NDCDS:(N+6)/7 

	

112 	 NN+1 
C 
C READ POPULATION CARDS 
C 

	

113 	 DO 1006 Jl,NOCDS 

	

114 	 CDSET: 1 

	

115 	 RFAD(S ?00?)CDTYP CI)Nt) NWSFT,(OUMMY(I),I:1,7) 

	

116 	200? FORMAT112 I. I? 7910 0 

	

117 	 IF(CDTYP-flST)?0fl7,i008,t007 

	

11 11 	100$ IF(CPNO-J)1009 1010 1009 

	

119 	1010 TF(NWSFTfl006.10l2,?006 

	

50 	1012 Dli 1806 K:! 7 

Figure A-6. Program listing of HURM used in Kentucky field test. 
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51 	 I 1(J-))*7+6+I 
52 	 IF(N-I1)R000 8001,8001 
53 	8001 PP(II)r)UMMYK) 
54 	 P(II):PP(ffl/1000000. 
55 	3806 CONTINUE 
56 	1006 C(INTINtIF 

C 
C READ CPT CARDS 

57 	
C
8000 no 1013 JI e N0CDS 

58 	 CDSET? 
sq 	 READ(5 ?O0)COTYP CONO NWSET,(DlJMMY(I),I1,7) 
60 	2003 FOPMATI? I? 12 70 
61 	 IF(rflTyP-DST)?007,l014,1007 
62 10i IF(CDNn-J)Inoq,101c,1009 
63 	1015 IF(NWSFTflOU,1017,1013 
64 	1017 flU 3813 K:1,7 
65 	 11(J-l)*7+K+1 
66 	 IF(N-II)Pfl02,$003,0003 
67 	8003 C(II)DhIMMY(*100 
68 	313 CONTINUE 
69 	1013 CflNTI1IJE 

C 
C READ WAGE RATE CARDS 
C 

70 	800? 00 1018 I:1,NOCOS 
71 	 CDSET3 
72 	 REAO(5 20011)CDTVP.CONO,NWSET,(OIIMMY(1),1 1 9 7 ) 
73 	2004 FORMATh? 1 	I.,7FIO 11) 

74 	 IF(CL)TYP-tDST)1O07,i019,1007 
75 	1019 IF(cnN0-j)1009 1020 1009 
76 	10?0 JF(NWSFT)101R.02?,01R 
77 	1022 Of) 3818 k1,7 
78  
79 	 IF (N-IT )M00L1 ,R00S,0005 
110 	8005 W(TI)1)UMMY(K) 
At 	31418 CONTINUF 
82 	1018 CUNITNUF 

C 
C READ DISPOSABLE. INCOME CARDS 
C 

83 	8004 00 1023 J1.NOCflS 
All 	 r.DSFT4 
MS 	 PFAD(S 2005)CDTYP CONO NWSET,(DUMMY(I),11,7) 
6 	200c FORMATT? 1? T? 710.? 
87 	 1F(CDTYP-DST)1007.1024,l007 
88 	102 IF(rr)N0-J)tooQ 1025,1009 
89 	1025 TF(NWSET)1023,027,1023 
00 	1027 DO 3823 KJ,7 
9$ 	 11(J-1)*7+K+1 
9. 	 !F(N-lflR006 8007,8007 
93 	8007 YY(II)DUMMY?1(1 
94 	 Y(I1):YY(TI) 
95 	323 CONTINuE 
96 	1023 CONTINUE 

C 
C READ UNEMPLOYMENT RATE CARDS 
C 

97 	8006 00 1028 J:1,NOCDS 
98 	 CDSETS 
99 	 READ(5 2O0b)COTYP.CONO NWSET,(l)IJMMY(T),11,7) 
100 	2006 FPRMAT1I2 12 I,7FIO 
10$ 	 TF(CDTYP-6ST)1007.T029,I0O7 
102 	1029 IF(CnNn-J)IO0q 1030 1009 
103 	1030 TF(NWSET)102R.1032,102A 
104 	$03? DO 382R K:$,7 
105 	 tI(J1)*7+K+1 
106 	 IF(N-I1)900R 8009,8009 
107 	8009 lj(Jj)f)uJMMY(lh 
108 	3828 CONTINUE 
loq 	1028 COPITTN(IF 

C 
C PA() AVFPAGE SPEED CARDS 

110 	
C
8008 00 1033 J:1,NOCDS 

111 	 CDSFT:h 
112 	 RF.AO(5 2007)CflTYP,CfNO,NwSET,(fl11MMY(i),I1,7) 
13 	2007 F(IRMATh? 12 1? 7F10 11) 

114 	 IF(CDTYP-l)Sl!T)l007,1034,1007 
IS 	10311 TF(CDNO-J)IOOQ 1035 1009 
lb 	1035 IF(NWSET)1033.1037J033 
17 	1037 00 3833 K21,7 
18 	 IT(J1)*7+K+l 
19 	 IF(N-1I)RO10,801 1,8011 
20 	ROIl S(II):DIPMMY(K) 
21 	3833 CONTINUE 
22 	1033 CONTINUE 

Figure A-6. Continued 
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C READ r.ASOIINF PRICE CARDS 
C 

	

123 	8010 00 1038 J1,NOCDS 

	

1211 	 CDSET:7 

	

125 	 RFAI)(S ?O08)CDTYP CD#O,NWSET,(I)IJMMY(T),T:t,7) 

	

126 	2008 FORMATT7 I? T?,7f!l0.a) 

	

127 	 IF(COTYP-flS?T)l007,103Q,1007 

	

128 	1039 IF(CDNO-J)1009 10140 1009 

	

129 	1000 IF(NET)1038.l0'-l?.103R 

	

30 	tOO? on 33 

	

31 	 1I:(.1-t)*7+K+I 

	

32 	 TF(N-II)M0l2,8013.901 3 

	

1.3 	8013 G(1IfltMMY(K) 

	

34 	38;. CO!T1NIIF 

	

35 	1038 CONTINUE 
C 
C REAl) GASDLTNF TAX RATE CAPD 
C 

	

136 	8012 DO 1003 J1,NOCDS 

	

137 	 CDSET=8 

	

138 	 RF.AD (6 ?0O9)CDTYP,CDN1,NWSET,(011MMY(T) .1=1,7) 

	

130 	2000 FflPMATT? I. 12,7F10.0) 

	

140 	 1F(CDTYP-fDST)I007,10414,1007 

	

101 	10011 )F(CDNI1-J)I000 1006 1009 

	

1112 	1005 IF(N'lSFT)1043.1fl47,t043 

	

103 	1007 rrn3803 

	

1110 	 I1:(J-l)*7+f+l 

	

1115 	 TF(N-IflROlIi 8015,8015 

	

1116 	8015 0(I7)1)(JMMY(1) 

	

107 	3803 CONTINUE 

	

1118 	10113 CONTINIJF 
C 
C REAP FFFTCIF#CY STANDARD CARDS (IJPTIflNAL) 
C 

	

109 	8010 00 1063 J1,NOCDS 

	

1'O 	 COSEIQ 

	

151 	 REAP(5 2011)CDTVP.CDNO,NWSET,(NIMMY(1),1=1,7) 

	

152 	2011 FORMATh? 12 I? 7F10 II) 

	

153 	 IF(I)IIMMY(l))1064 1061 1061 

	

iso 	1061 IF(CDTYP-CDSET) i'07,lf50,I007 

	

165 	1050 IF(CDNO-J)1000 1056,1000 

	

56 	tOSS IF(NWSET)1053.1057,1033 

	

157 	1057 00 3853 K1 7 
I1=(J-1)*7+K+1 
IF(N-II )8018,8019,8019 

	

160 	801Q P(T1=DIIMMY(K) 

	

161 	3853 CONTINUE 

	

162 	1053 CONTINuE 

	

163 	8018 FFSTAO 

	

160 	 60 TO 106? 

	

165 	1060 EFSTAI 
C 
C 	REAl) EXCISE TAX RATE CARDS 
C 

	

66 	1062 00 7650 J1.NDCDS 

	

67 	 CPSFT=10 

	

68 	 RFAI) (5 7651) CDTYP,rDNn,NWSET,(pIIMMy(1),T=I,7) 

	

69 	7651 FORMAT h 
P-? 

I? 12 7F10.LI) 

	

70 	 TF(Cl)TYClSEl) lOOi 766? 1007 

	

71 	7652 IF (CONO-J) 1009 766 10fl 

	

72 	7653 IF (N6SET) 7,50,654j6S0 

	

73 	7.50 DO7655 K1,7 

	

70 	 II(Jl)*7+K+l 

	

75 	 IF(8-11) 7657 7656,7666 

	

176 	7656 ETR(I1)DtJMMXK) 

	

77 	7655 CONTINIJE 

	

78 	7650 CONTINUE 
C 
C 	PEAl) AlITO PEr,ISTRAT!OPJ FEE ADJuSTMENT FACTOR CARDS 
C 

	

70 	7657 00 7660 J:1.NOCOS 

	

80 	 CDSETII 

	

Ri 	 PFAD (5,71) CDTYP,C!)N(I,N8SFT,(Dl.IMMV(I),11,7) 

	

82 	7661 FORMAT (1? I2,I?,7F10.1J) 

	

83 	 IF (CDTYP-DSFT) I007,7662,1007 

	

811 	7662 IF (CDNO-.J) 1009 7663 IOOQ 

	

85 	7663 IF (NWSET) 7660,660,660 

	

86 	76611 00 7665 K1.7 

	

.7 	 II(J-1)*7+K+1 

	

RB 	 lE(N-Il) 7667. 7666, 7666 

	

119 	7666 ARFF(IT)DJIMMY(k) 

	

90 	7665 CONTINUE 

	

191 	7660 CONTINUE 

Figure A-6. Continued 
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C 	REM) TRUCK REGISTRATION FEE ADJUSTMENT FACTOR CARDS 
C 

192 	7667 00 7670 j:1.NUCflS 
193 	 CDSFT:1? 
190 	 REAP (5 7671) COTYP, CDNO, PIESET, (DUMMY(T),I:1,7) 
IQS 	7671 FORMAT (I? T? 12,7F10.14) 
106 	 IF (CDTYP-tOST) 1007,7672,1007 
197 	767? IF (CONU-1) 1009 7673,1009 
l9 	7673 IF (NWSFT) 770.3670,7670 
IQq 	7670 DO 7675 9:1,7 
200 	 1I(J-1)*7+K+1 
201 	 IF (N-TI) 7677 7676,7676 
202 	7676 TRFF(I1)DIJMMYK) 
203 	7675 CONTINUE 
200 	7670 CONTINIIF 

C 
C REAl) THE VARIABLE •Ifl(IT" 
C 

205 	7677 PEAl) (5 2012) lOUT 
206 	 FOPMAT(i2) 

C INTIAL.I?E VARIABLES FOP THE LAST YEAR HEFOPE THE ANALYSTS PERIOD 
C 

207 	 IF (NCK) 6030,6030,6000 
70$ 	6030 T(1)T(1)*1000000 
209 	 TM=(OCC*wAGE*w(l)/C(1))/(QtRAL*S(l)+UPRAN) 
210 	 VMF = 	((G(1)/C(1)/M(1 fl**FV(2)*(Y(t)/C(1)**FV(3)* 

I FXP(FV(0)*1I(1))*TM**FV(5))*P(I) 
211 	 VMFIX:ALOG(VMT(1)/VMF)-FV(1) 
212 	 AAVEARFG/V(l) 
213 	 TAVFTPEG/V(l) 
2Ii4 	 PFGF:(X(l)/V(1))_(ARFF(1)*AAVE+TRFF(l)*TAVE)  
215 	 VT=EXP(FV(1 )+VMFTX)*VMF 
218 	 GASF:7(1)/(D(1)/100* VT 	*I000000/M(1)) 
217 	 EXCF=H(1)/((ICARS(1)*.0fl1)**FH(2)*(Y(1)/C(l))**(3)** 

IETP(l)*I0fl.) 
21$ 	 EXCFALOG(EXCF)-FN(1) 

C 
C CALCIPL ATE HIGHWAY USER RF VENUES 
C 

21Q 	6000 PrI 1100 1:2 
220 	 Q(I)EXP(FS?1))*(G(T1 )/C(I-I ))**FS(?)*(Y(T) /C(T) )**FS(3) 

If(iIS1A)lI01 1102 11111 
222 	1102 IF(0(T)-R(I F) h03,? 103,1101 
223 	1103 R(J):R(I) 
224 	1101 C2= 	EXP(FC(1))*(fl(I_1)/P(IlF)**FC(2) 

*(y(T)/C(T))**FC(3)*FXP(FC(0)*(J(T))*P(T) 
225 	 NrAps(T):r? 
276 	 I(I)=U(T)C2+SCPAP*VMAflJ*T(11) 
227 	 0(I):C?+SCRAP*VMAPJ*0(1_1)*1000000 
22$ 	 M(I):T(T)/fl(l) 

fl(1)=ul(1 )/l000000 
730 	 TM:(flCC*WAGE*W(!)/C(I))/(RtIRA1*S(I)tIlRRAJ) 
231 	 VI: 	(FXP(VMFIX+FV(1))*(G(1)/C(I)/M(1))**FV(?)*(Y(I)/C(1))** 

I FV(3)*EXP(FV(4)*U(I))*TM**FV(S)I*P(T) 
237 	 VMT(I):VI 
235 	 7(I)fl(I)/l00.*V1*GASF*l000000./M(I) 
730 	 V(I)(SCRAP*V(I-I))+MCAPS(I) 
235 	 X(I):V(I)*(ARFF(fl*AAVF+TRFF(1)*TAVF*TAPJ**(T1)+PFGF) 
236 	 H(I):EXP(FH(1 )+FXCF)*(NCAPS(T)*.001 )**FH(2)*(Y(I)/C(T))**FH(3)* 

I C(T )*FTP(I )*jO0. 
237 	1100 CONTINUE 
23$ 	 GO TO 6020 

C 
C PRINT TITLE PAGF 
C 

239 	1701 WPITE(6 9332) 
200 	9532 FIIPMATdHI) 
241 	 WRITF(6 9333) 
202 	0333 FORMAT(tHOI////////////) 
203 	 WRITF(6 9330) 
200 	9334 FPRMATdHI?0(IH*)) 
205 	 DO9350 111:1,5 
2116 	 WRITE(6 9335) 
207 	9335 FURMAT(IH ,IH*,IIRX.IH*) 
24$ 	9350 CONTTNUF 
209 	 WRITF(6,0336) 
250 	9336 FI1RMAT(IH IH*,70x,S9HT H F 	H T G H N A Y 	(I S F R 	P F V F N 

IU F 	H 0 I) E L,30X,1H*) 
251 	 DO Q351 111:1.5 
252 	 WRITE(h,0335) 
253 	0351 CONTINUE 
250 	 WRITE(6 9330) 
255 	 GD TO 130? 

C 
C PRINT PAr,E HEADING 
C 

Figure A-6. Continued 
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256 
257 

1002 
3001 

WPITF(6,3001)PRONO,(TTTLF(I) 	1:1 	201 
FOPMAT(llI1 	 HIGHWAY 	RVENIIE 	MflDEL,10X,I5HPPOJECTION 30HTHF 	 USR 	 NO. 
I?3X .12 	2A?) 

2514 (O To 	103 
C 
C PRINT 	INPuT 	DATA 	DECK UIAG1JOSTTC FPPflP MESSAGES 	IF 	APPITCARIE 
C 

259 
260 

tOfu 
3002 

WRTTF(b 300?) 
FOPMATdHO/II40,7411-ITHF 	LENGTH OF 	THE 	ANALYSIS PERIOD RFOIIFSTF.O EXCEEDS 

IU)S THE LIMIT OF THE MPDEL/IHO 6?HTHE LENGTH OF THE ANALYSTS PERIOD HA 
20.14*5 PEEk PEVISFU 	TO 75 YEARS 

261 N:2 85 
62 p4piTF(6.3oot)PRnNr,(TTT1E(I),I1,20) 

263 GO TO tooc 
C 

2614 1011 WRITE 	(6,7995) 	IT 
265 2995 FORMAT 	(lH0/1HO4I614 TNTTTALIZE 	CARD 	,T2, 

I 	2714 	TS 	((UT 	(iF 	()Rt)EP 	OR 	MISSING) 
266 GO 	Tn 11001 
267 
2614 

1007 
3003 

WRJTF(b 3003)cDSET 
FOPMATdH0/IHO,9HCAPP SET 	,T2.I6H IS OUT OF (1RDEP) 

769 GO 	10 11001 
C 

270 
271 

1009 
30014 

WPITF(6,30011)CDSET 	J 
FORMAT(IHOI1H0,1214114 CARD 	SET 	.12.614 CARD 	,Il,1614 	IS OUT OF ORDER) 

272 GO 	TO 	11001 
C 
C 	PRINT 	INPUT CONSTANTS 	AND COFFF TCTFP'ITS 
C 

273 6020 TF(NCk) 	7000,7000,6010 
7711 
775 

7000 
3050 

4PITF 	(6 	3050) 
FORMAT (li'O.//.iH 	lOX 	3?HRFGRFSSIOH EQUATION COEFFICIFNTS,//.IH 

I 	ISX,3INSALES WEIHTEO MILES PEP GALL0N,29X, 
2 	22HMF.W CAP 	SALES FOlIATION) 

276 WRITE 	(6 	3fli) 	FS(I),FC(1) 
FORMAT 	(1140 	/114 	20X,s(CONSTANT,7X,Flfl.Ll,35X,$HCONSTANT,7X,F10.Ll) 277 

278 
3051 

279 3052 
WRITE 	(h,30?) 	F(?) 	FC(?) 
FORMAT 	(114 	,OX,1314C.lI-1)/C(I-i ),2X,F10.14,35X,13140(I-I)/P(T-1), 

I 	7X 	FI0.11) 
vuPTfE 	(6 	309,311 	 FC(3) 7140 

281 3053 
FS(3) 

FORMAT 	(114 	20X.9)lY(1)/C(T),6X,F10.14,35X,9HY(I)/r(I) ,6X,F 10.14) 
2142 WRTTF 	(6 	304) 	FC('J) 
7143 30514 FORMAT 	(IN 	,R0X,111411(fl,11X,Fl0.I1) 
2614 
?145 

WRITE 	(6 	3061) 
(1140.11,114 	,1SX 	32HVEHICI.E 	 OF 	TRAVEL 	F.QIJATTON,?MX, 3061 FORMAT 	 MILES 

I 	3IHEXCISE 	TAX CUILEChONS EQUATION) 
286 WRITE 	(6062) 	FV(1),FH(l) 
287 3062 FORMAT 	(1140,1114 	.20X,RHCONSTANT,7X.F10.0,35X,RHCONSTAN7.7X,F1O.411 
2148 
7149 3063 

WRITE 	(6,3063) 	FV(?) 	FH(?) 
FORMAT 	(114 	,?OX 	laHGlfl/C(I)/M(I).1X,Fi0.ul,3'5x,SHC?(I),lox,Flo.lJ) 

290 
291 30611 

VYPITE 	(6 	30611) 	V(3) 	FH(3) 
FORMAT 	(114 	95Y(1)/C(I),hx,Fto.4,35x,QHY(I)/C(I),6x,F10.11) 

797 
.?Ox 

WRITE 	(6 	30651 	V(L$) 
293 3065 FORMAT 	(114 	'IHII(I),I1X,Fi0.14) ,20X 
2914 WRITE 	(6 	3066) 	V(6) 
795 3066 FORMAT 	(jH ,?0x,2141M,13X,Fi,0.4) 
296 
797 3067 

WRITE 	(6 	3067) 	VMFIX 
FORMAT 	(114 20X,10HA1)JUSTMENT,5X,F10.11) 

298 
299 3071 

WRITE 	(6 	301) 
FORMAT 	(!H0,///.11-4 	,10X,9HCONSTANTS,56X,?II4TNITTALIZED 	VARIAMLES, 

1 	/1) 
300 
301 3072 

WRITE 	(6 3072) 	SCRAP 	0(I) 
FORMAT 	(114 	t5X S I4HSRAPPAGE 	RATE,l?X,F10.4,30x,IIHO(I),3X,FI11.14) 

302 WRITE 	(6 	3013) 	VMAOJ,T(1) 
303 3073 FORMAT 	(114 	.I5X.2SHVMT 	AGE 	ADJUSTMENT 	FACT()R,IX,F10.14.30X,IIHT(I), 

304 
I 	3X 	F111,11) 

WRITE 	(6 	30114) 	V(I) 
305 3074 FORMAT 	(114 	S1X.1414V(1),3X,F11l.14) 
306 WRITF 	(6 	3015) 	P(i) 
307 3075 FORMAT 	(114 	IS*.l°HTIME 	COST 	OF 	TRAVEL,47X,IIHP(1),3X,F14.11) 
3014 WRITE 	(6 	306) 	0CC 	Y(l) 
309 3076 FORMAT 	(114 	.?0XIQ} (' CCI)PANCY,I2X.F10.4,30X,1*HY(1),3X,F1LJ.1*) 
310 
311 3077 

WRITE 	(6 	3077) 	W4GF,G(l) 
FORMAT 	(1)4 	?OX.IIHWAGF 	FACT(IR,1AX,F10.11,30X,IIHG(fl,3X,FI4.11) 

312 1 WRITE 	tb 	301411 	PUPAl., 	C(1) 
313 
3114 

30714 FORMAT 	dH 	20X.I?HRIIPAI 	FACTOR,QX,FI0.11,30X,4HC(1),3X,F111.411 

315 3079 
WRITE 	(6 	09) 	IJqRAI 	1(1) 
FORMAT 	(IN 	 FACTOR,QX,FI0.L1,30X,44H7(i),3X,Ft1I.1l) 2flX,l2HlIII4AN 
WRITF 	(6 	30A0) 	14(1) 316 

317 
3114 

3080 FORMAT 	(IN 	RIX 	41414(i) 	3X,Fi4.4) 
30AI) 	 Xli) 

319 3081 
WRITE 	(6 	(ASF, 
FORMAT 	(IN 	,ISX,2314r,ASOLINE 	TAX 	Ar)J(ISTMENT,3X.FI0.14,30X.IIHX(t), 

30 
I 	3X 	Fl11,1I) 

WRFIE 	(6 	3082) 	M(l) 	FXCF, 	U(I) 
321 3082 FORMAT 	(IH 	six 	ThM11) 3X,FI11.14  

I 	21HEXCISE 	fAX 	flJLISTMNT,5X,Fi 	,30X,IIHII(l) ,3X,F14.4) 
322 
323 30143 

WRITE 	(6 	30143) 	S(I) 	PEGF,W(t) 
FORMAT 	(114 	,81X,'IHS11),3X,FIt1.4,/,IN 	ISX, 

I 	27HRFGISTR4TTON FEE 	AI1JUSTMENT,FQ.1I,0X,IIHW(1),3X,FII4.1I) 
324 WRITE 	(6,50811) 	AAVE,VMT(t) 

Figure A-6. Continued 
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.26 3084 FOPMAT 	(IH 	• ?0X.IHAIJTH 	FFE 	/ 	AUTO, 	6X,F10./4,30X6HVMT(1),IX, 
I 	FIL$.4) 

326 WRITE 	(6 	3085) 	TAVE,NCAMS()) 
327 3086 FORMAT 	(114 	.20X.I6HTRIICK 	FEE 	/ 	A,JTO,SX,Fl0.4,30X,RHNCAPS(1), 

1 	F3I4) 
328 WPITF 	(6 	.086) 	TAPJ 
329 3086 FORMAT 	(114 	,?0.12HTRttCk 	FACT(IP.QY,Ft0.4) 

C 
C PRINT FTRST PAr,F OF 	INPUT DATA 
C 

330 6010 TFUICX) 	6011 	60116060 
PRt'INO, 	(T1TLE(II,I1.20) WRITF 	(6 	30011 331 6011 

WRITE(6 	3005) 332 6060 
3005 F1)RMAT(1H') 	IOX,I7HINPIIT 	DATA 	SERIES) 333 

WRITF(6 	10061 334 
335 3006 FOPMAT(THO 	//114 	,4IIX,8HCONSIJMEP) 
336 
337 
339 

3007 
;07) WPITF(6 

FOPMAT(TH 	46X,SHPPICE,30X,IOHDISPOSARLE,AX,I2H(PNEMPIOYMENT) 
WRITE(h 	30R) 

339 3008 FUPMAT(?H 	lOX 	OHYEAP.QX 	1OHPOPUIATTON,1?X,5HINr)FX,12X,9HWAc,F RATE 
l,1IX ,6)4INCOME 	I Lix 	IIHPA TE 

340 WRITE(6 	3100) 
FOPMATdHO) 341 3100 

30? 00 8500 I;2 N 
3113 JYEAPYFAR+I 
3011 
345 3009 

WPITE(6 	00)TYAP 	PP(T),C(T),W(J) 	YY(I) 	'I(!) 
FORMAT(1H 	,IOX,I4 ,X,Flo.0,9X,Fl0.,0X,Fio.11,qX,F10.?.9X,Fl0.4) 

306 8600 CONTINUE 

PRINT THE 	SECOND PAGE OF INPUT DATA 
C 

347 WRITF(6,3001)PRONO,(TITIF(1)9I:1,20) 
3118 WRJIE(6,3005) 
349 
.50 3010 

WPITF(6 	3010) 
FopMAT(IHo,//1Ho,26x,7HAVEPAr,E,11x,RHr,ASnLtNF,1Ix,8HGAsoLTNE,q.10 

IHEFF ICIENCY) 
351 WRITE(6 	3011) 

RATF,11X, 352 3011 FORMAT(H 	,IOX,OHYEAP,l3X,SMSPEED.13X,SHPPICE.13X,RHTAX 
1 	 AHSTANDARP) 

353 WRITE(6 ,3100) 
364 Ofl 7500 	1:? N 

IYFAR:YEAR+f 355 
366 
357 3012 

WRTTE(6 	30121IYEAP 	S(I) 	r,(I),D(T),R(I) 
FnQMAT(IU 	,I0Y,IlI.X,F16_I1,9X.FI0_I1,9X,FI0.t1,QX.F10.11) 

358 7500 CONTINUE 
C 
C 	PRINT THIRD PAGE OF INPUT DATA 
C 

359 WRITE 	(6,3001) 	PR(JNO, 	(TITLE(1),T1,20) 
360 WRITF 	(6,3006) 
361 WRITE 	(6 	7800) 
36? 7800 FORMAT 	(IHO,//IH 	,?9X,6IIFXCISE,7X,2IHAUTO REGISTRATION FFE 9 7X, 

1 	22HTPIICK 	REGISTRATION FEE) 
363 WRITE 	(6,7801) 

ADJUSTMENT FORMAT 	(114 	,IOX,OHYFAR,1LlX 	RHTAX RATF,6X,??HRATE 	 FACTOR 3611 7801 

366 
7X,2?HPATEAPJIISTMENT 	FCTflR S /'I I 

WRITE 	(6 3100) 
364 00 7802 1:2 N 
367 IVEAP 	= 	YFAF 	+ 	I 
368 
369 7803 

WRITE 	(6 	7803) 	IYEAR 	FTR(fl,ARFF(T) 	TRFF(1) 
FORMAT 	(114 	,l0X,Iil,1X,F10.4,IlX,F1L4,1RX,F10.'1) 

370 7802 CONTINUE 
C 
C PRINT THE HIGHWAY USER PF VFNUES PAGE 
c 

371 WRTTF(6,3001)PRONO,(TITLF(I),11,20) 
372 WRITE(b 	3013) 

USER REVENUES) FflRMAT(IHO 	l0X,?IHHIGHWAY 373 3013 
30111) WRITE(6 3711 

3011* FORMATdH 	//1H 	 YEAP,LIX,I1I4FTSCAL 	YEAR) ,33X,I3HCALENDAR 375 
376 WRTTF(6 	3015) 

FOPMAT(1H0 33X,12HRFGISTRATION,42X,1?HRFGISTPATION) 377 3015 
WRITE(6 	3016) 378 

3016 F(IRMATdH 	 TAX 	AX 	3HFEF,IOX,IOHEXCISE 	TAX.IIX,12HG ,17X,1?HGASIT)LINF 379 
IASIWINE 	TAX 	RX,3HFFF,10X,10HEXIIS 	TAX) 

WRITE(6 	301) 380 
381 3017 FORMAT(1I.4 	,4X,OHYFAR,IOX,3(l IHCOLLECTTONS,SX),6X,3(1 IHCflLIFCTIONS, 

ISM 
382 WPIE(6,3100) 
383 DO Q500 	T:?,l 
381* TYFARYFAR,I 
385 F7:(7(I-1 )+Z(I))/? 
386 FX=(X(T-1 )+X(T))/? 
387 FHH(H(I-1 )+M(I) )/2 
388 

9600 
WRITF(6 9600)IYFAP,7(I) 	X(I) 	H(I),F7 FX FHH 
FORMAT(tH ,L1x,Ia,9x,3(F12.0,ax),6X,3F1.fl,LlX)) 389 

390 9500 CONTINUE 

Figure A-6. Continued 
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C PRINT MOOFE. 	VARIARIFS PAGE 
C 

391 WRTTE(6,300l)PRONfl,(TTTLE(j),I=1,20p 
392 WRJTE(6 	3018) 
393 
394 

3018 FOPMAT(HO 	10X,I5HMOOEI 	VARIABLES) 
WPUE(h,3019) 

395 3019 FORMAT(I11 	/1111 	,62x,7H1ww CAR) 
396 
97 3020 

WRITE(6 	3020) 
FOPI4.AT(liI 	63X,SHSALFS) 

398 PITF(b 	30I.) 
399 3021 FOPMATdH 	27X,7HNEW CAR,llX,5HTOTAL,1lx,RHWFJGHTEr),12x,SHFLFFT) 

WRTTE(6 302) 
£10.1 3022 FOPMAT(IH 	IOX,'4HYEAP 	ItlX,SHSALES,IOX,IOHFLEFT STZF,lOX,3MMPG,16x, 

1311MPG 	14X 	3HVMT(MILLIONS)) 
£102 WRITE?6,3f00) 
403 00 9100 	1:2 N 
404 IYEAP:YFfAR+I 
405 
406 3023 

WRITE(o 	3023)TYEAR IJCARSU,VU) 	Q(T) 	M(I) 	VMT(I) 
FORMATdH 	,l0X,Ia,?1x,Ft0,0,RX,Ft0.0,Ax,F1.u,Rx,FI 0.'4,Rx,FlS.0) 

407 9100 CONTIwE 
C 
C RETURN TO PRODuCE 	THE NEXT SET OF PROJECTIONS OP TERMINATE EXECUTION 
C 

1108 TF(IOUT)4001 ,t001 .4007 
£JOQ 4002 WRITF(6,fl0t)PROHO,(TIT1F(T) ,T:1 ,20) 
410 
'III 

JPITE(6 9601)PRONU 
FOPMATdHO,56HTHE CAPO FOLLOWING TH 	INPUT DFCY FOR PROJECTION NUN 9601 

412 
IREP 	12,3211 IS OMITTED OP 	INCORRECTLY COOED) 
WPIT(6,Q33?) 

£113 £1001 STOP 
4111 EN!) 

$ENTRY 

Figure A-6. Continued 

presented, because many of these procedures are dependent 
on data developed from an earlier estimation. 

Scrappage Rate 

The scrappage rate, as used in the HURM program, is 
defined as the fraction of automobiles of any model year 
that remains in use from one year to the next. It is esti-
mated using the following equation, where i represents 
calendar year and A equals the scrappage rate. (The 
MDOT authors note that the probability of scrappage is 
conditioned in part on vehicle age; however, time did not 
permit further research into the specification of scrappage 
rates by model year. Future research will be done by 
MDOT to specify the survival rates of autos by age.) 

Total Fleet% - New Car Sales = A Total Fleet_1  (A-44) 

The necessary historical data on fleet size are available 
from 1950. 

For the time series of the size of the total fleet in a 
given state, the total number of automobile registrations 
can be used. This series is available from the U.S. De-
partment of Transportation, Federal Highway Administra-
tion, in its annual publication Highway Statistics. 

Similarly, the number of new car registrations can be 
used as a surrogate for new car sales in a given state. New 
automobile registration statistics can be found in Wards 
Automotive Yearbook published by Wards Report, Inc., 
and Automobile Facts and Figures published annually by 
the Motor Vehicle Manufacturers Association. (These 
statistics listed by MVMA are only new car registrations; 
not all new vehicle registrations.) 

VMT Age Adjustment Factor 

The VMT age adjustment factor models the phenomenon 
that older cars are driven less. It is defined as the fraction  

of annual VMT accumulated by any given model year 
passenger car in any calendar year, as compared to the 
previous calendar year. It can be estimated using the 
following equation, where m represents model year, I 
represents calendar year, and B is the age adjustment factor. 

Total VMT,,_1  = B Total VMT, 	(A-45) 

The historical time series data for total VMT1  can be 
obtained for model years 1960 through 1969. These data 
are presented in the Nationwide Personal Transportation 
Study Report No. 2 prepared by the U.S. Department of 
Transportation, Federal Highway Administration. 

Historical data on the age-adjusted stock of passenger 
cars, average fleet fuel consumption rates (miles per 
gallon), and the cost of automobile travel must be devel-
oped in order to estimate coefficients for regression equa-
tions that forecast new car sales and fleet VMT. 

Stock of Autos and Fuel Efficiency 

The age-adjusted stock of passenger cars can be defined 
as the effective stock of autos, weighted by the relative use 
of new and old cars. The historical time series should be 
generated using Eq. A-46, where i represents the calendar 
year, 0 is the age-adjusted stock of passenger cars, and 
A and B are the factors defined and estimated as previously 
described. 

0j  = New Car Sales + (A * B * O_) (A-46) 

Historical time series data for new car sales are identical 
to that used in the estimation of the scrappage rate. 

The initial year value of Oi  must be estimated in order to 
begin the series. Trends in auto registrations, new car 
sales, or auto fleet size may be helpful in estimating the 
initial value. Once it has been estimated and the resulting 
series generated, this initial value of Oi  can be compared 
against the series and a better estimate may be evident. 
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The makeup of the fleet in terms of the number and 
relative use of vehicles with different fuel consumption rates 
must be accounted for in order to estimate the average fleet 
miles per gallon. The following equation yields this series, 
where i represents the calendar year and Ti. is a weighted 
measure of fleet-miles per gallon, defined as follows: 

Ti  = Average New Car Sales Weighted MPG1  New Cars 
Sold 1  + (A * B Ti-,) 	 (A-47) 

The necessary historical time series data on fuel efficiency 
are available from 1954. 

Data for this time series (average new car sales, weighted 
miles per gallon) can be obtained from a paper presented to 
the Society of Automotive Engineers by T. C. Austin and 
K. H. Heilman entitled "Passenger Car Fuel Economy-
Trends and Influencing Factors," amongst numerous other 
sources. 

The same time series used in estimating the scrappage 
rate and Oi  should be used here to estimate new car 
sales, Ti..  

As with 0, the initial value of Ti, must be estimated. 
Again, trends in total auto registrations, new car sales, and 
new car sales, weighted miles per gallon may be helpful in 
developing the initial estimate. As with 0, the first value 
of T1  may also be revised if a better initial value is apparent 
once the series has been generated. 

The average fleet-miles per gallon for calendar year i 
(M,) is simply equal to the quotient of Ti  divided by 0: 

M 1 =T/0, 	 (A-48) 

This calculation is performed for each year in the series. 

Cost of Auto Travel 

The equation for cost of auto travel per mile used in 
HURM incorporates both the time and operating costs 
associated with vehicular travel. Thus: 

Time Cost of Auto Travel Per Mile = Average Auto 
Occupancy Wage Factor (Average Hourly Wage Rate! 
CPI) /(r Average Highway Speed + u) 	(A-49) 
Operating Cost of Auto Travel Per Mile = Gasoline Price! 
(CPI Average of Fleet Miles Per Gallon) 	(A-SO) 
Cost of Auto Travel Per Mile = Time Cost + Operating 
Cost 	 (A-Si) 

The composite variable is employed in the Maryland 
model; the two preceding variables are employed individ-
ually in the Kentucky field test. 

The four coefficients must be specified and are assumed 
constant over the analysis period. 

For average auto occupancy, the model, as currently 
programmed, uses a value of 1.5 persons per vehicle. The 
Nationwide Personal Transportation Study lists a value of 
1.9 persons per trip. However, comparisons between NPTS 
and other data sources seem to indicate that this value of 
1.9 is high, and that 1.5 is more appropriate. Data available 
for auto occupancy at the state or regional level in the user 
state are undoubtedly preferred. 

A coefficient relating the value of time for auto travel to 
the average hourly wage rate must be specified. The model' 
uses a value of 0.5. This may be revised based on empirical  

data for wage rates and estimated values of travel time 
at the state or regional level if the data are available. 

The two coefficients, r and u, are currently set equal to 
0.5 and 10, respectively, in the model and their use repre-
sents the effect of the rural-urban driving cycle; that is, the 
relative amounts of time spent in rural and urban driving. 

Historical data for the cost of auto travel are required 
to estimate regression coefficients for the equation that 
forecasts VMT. The following data can be used to estimate 
cost of auto travel for the series using the previous equation. 

Historical time series data for the cost of auto travel 
equation are available from 1954. 

The Handbook of Labor Statistics published by the 
Bureau of Labor Statistics, U.S. Department of Labor, 
contains the average hourly wage rate for manufacturing 
workers for each State. These wage rates can be used. 
In addition, hourly wage rate information is contained in 
Business Statistics and Business Conditions Digest pub-
lished by the Bureau of Economic Analysis, U.S. Depart-
ment of Commerce. 

The consumer price index (CPI) can be obtained from 
Business Statistics (national data only) and the Handbook 
of Labor Statistics for data on standard metropolitan 
statistical areas. One value should be estimated for each 
year in the series that is representative of the state as a 
whole, recognizing that there is a tendency for wage rates 
to be higher in larger urban areas. 

Defined properly in terms of how it is used by the 
model, average highway speed is the average highway 
operating speed on rural roads. It can be obtained from 
Highway Statistics. 

The retail gasoline price for major metropolitan areas 
can be obtained from the Oil and Gas Journal published 
by The Petroleum Publishing Company and two publica-
tions by the American Petroleum Institute entitled Petro-

leum Facts and Figures and Basic Petroleum Data Book. 
As is the case with the CPI, a value should be estimated 
that is representative of the state as a whole, using the 
listed metropolitan area prices for each year in the series. 

The series of values for M1  developed earlier should be 
used as average fleet-miles per gallon. 

Vehicle-Miles of Travel Equation 

Vehicle-miles of travel are forecast by HURM using a 
regression equation of the following form: 

Auto VMT = Population e * Cost of Auto Travel b 

* (Disposable Income/Consumer Price 
Index) c * ed Unemployment Rate 

(A-Si) 

where a, b, c, and d are regression coefficients. 
In the field test in Kentucky, an alternative form of the 

regression equation is used to forecast vehicle-miles of 
travel: 

Auto VMT = Population e" * Operating Cost of Auto 
Travel b Time Cost of Auto Travel * 

(Disposable Income/Consumer Price In-
dex) d * e1  Unemployment Rate (A-52) 
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where a, b, c, d, and / are regression coefficients. 
The historical data series on VMT are available from 

1954. 
Time series data for auto VMT can be developed by 

obtaining yearly statistics on state gasoline tax receipts 
and average fleet fuel consumption rates. The gasoline tax 
receipts can be readily converted to gasoline consumption 
and multiplied by the average fleet fuel consumption, M, 
to yield vehicle-miles for each year in the period. (The 
MDOT authors assumed that the amount of vehicle travel 
accounted for by Maryland residents outside the state is 
equal to the amount of travel nonresidents account for in 
Maryland. Thus, the relationships between VMT, gasoline 
consumption, and resident population can be estimated.) 

Statewide population can be readily obtained at the 
state or federal level. 

Statistics for annual disposable personal income are 
available from the Bureau of Economic Analysis, U.S 
Department of Commerce in the publications Business 
Conditions Digest and Long Term Economic Growth 
/860-1970 and from the Bureau of Labor Statistics, U.S. 
Department of Labor in the publication The U.S. Economy 
in 1985-A Summary of BLS Projections. 

The time series for cost of auto travel (and its com-
ponent parts) was developed in the previous section. 

Similarly, see the cost of auto travel historical series for 
consumer price index. 

The Bureau of Labor Statistics (BLS) publishes official 
annual average unemployment rates. This information is 
available in the BLS Handbook of Labor Statistics or from 
the monthly publication Employment and Earnings. 

A dummy variable should also be used when the regres-
sion is performed. The dummy variable models the de-
crease in gasoline availability in early 1974 and should be 
set equal to 1 for 1974 and 0 for all other years. 

The equation is modified to forecast VMT per capita 
when the regression is performed by dividing both sides of 
the equation by the statewide population. 

Once the regression has been performed and the coeffi-
cients a, b, c, and d have been estimated, the equation should 
be adjusted such that it will accurately forecast VMT for 
the last year prior to the analysis period. This adjustment 
should be accomplished through the use of a multiplicative 
factor that adjusts the forecasts produced by the equation. 
This factor can be calculated by taking the quotient of the 
actual "measured" value of VMT used in the historical 
series for the last year before the start of the analysis 
period, and dividing it by the forecast produced using the 
regression equation and the data for the same year. The 
right-hand side of the regression equation (Eq. A-54) 
would be multiplied by the factor. (Maryland DOT chose 
to specify this constant as an exponential constant (e°°39 ) 

rather than as a simple numerical one.) 
This factor is calculated by the computer program in the 

Kentucky field test version. 

New Car Sales Equation 

The HURM program forecasts new car sales for each 
year i in the analysis period using a regression equation of 
the form: 

New Car Salesi  = Population * ea * (0_1/Population1_1) B 

* (Disposable Income/CPIj° * e4 * 

	

Unemployment Rat; 	(A-S 3) 

where a, b, c, and d are the regression coefficients. 
The historical time series data for new car sales equation 

are available from 1958. 
For new car sales, the same series should be used that 

was employed to calculate the scrappage rate. For popu-
lation, the same series should be used that was employed 
to estimate the regression coefficients for the fleet VMT 
equation. This series, Oi, for age-adjusted passenger car 
stock was generated earlier. 

For disposable income, the same data should be used 
that were employed to estimate the regression coefficients 
for the auto VMT equation. For consumer price index, the 
same series should be used that was employed to calculate 
the cost of auto travel series. For unemployment rate, the 
same series should be used that was employed to estimate 
the regression coefficients for the auto VMT equation. 

Sales Weighted Miles per Gallon Equation 

The model forecasts new car sales, weighted miles per 
gallon (SWMPG). However, the user has the option of 
specifying minimum standards for SWMPG that will be 
enforced if they are not met or exceeded by SWMPG as a 
result of changes in economic and energy variables. This 

- option allows the user to-  specify mandated minimum 
efficiency standards. The regression equation for SWMPG 
is of the form: 

SWMPG 	ea * [(Gasoline Price1_1/CPI1_1) / Efficiency 

	

Index1] * Efficiency Index1 	(A-54) 

where a and b are regression coefficients. 
In the field test in Kentucky, an alternative form of the 

regression equation is employed: 

SWMPG1  = ea * (Gasoline Price_1/CPI,_1)b * (Dispos-
able Income/Consumer Price Index) C 

(A-55) 

where a, b, and c are regression coefficients. 
The historical time series data for fuel efficiency equation 

are available from 1957. For SWMPG, see "Stock of 
Autos and Fuel Efficiency." For gasoline price, see "Cost 
of Auto Travel." For consumer price index, see "Cost of 
Auto Travel." For disposable income, see "Vehicle-Miles 
of Travel Equation." 

The automobile efficiency index is derived from EPA's 
research on fuel economy and the factors, such as weight, 
that affect an auto's fuel efficiency. The data used to con-
struct the index are based on EPA-reported tests of automo-
bile fuel efficiency relating fuel economy (in miles per gal-
lon) versus inertia weight (1W) to equal an annual fleet 
constant. The auto efficiency fleet constants obtained from 
the publication Fuel Economy of Emission Control of the 
EPA Mobile Source Pollution Control Program were in-
dexed using 1974 as the base year and projecting future 
values of the index for the analysis period on published 
EPA expectations. This indexing is incorporated in order 
to allow the user to readily see changes occurring in fuel 
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efficiency during the analysis period, and to easily assess 
the impact of these changes on revenues, fleet-miles per 
gallon, and new car sales, weighted miles per gallon. 

Excise Tax Collections Equation 

As currently formulated, the model estimates excise tax 
revenue equal to some percent of the purchase price of all 
cars sold in a given year and could be calculated using the 
following equation: 

Excise Tax Collections = Tax Rate [(Old Cars Sold * 
Average Old Car Price) + 
(New Cars Sold * Average New 
Car Price)] 	 (A-56) 

In order to avoid forecasting the average car price for 
each year, an assumption has been made that states that 
the average purchase price of an automobile is propor-
tional to its weight. Average car prices could be defined 
for each year as: 

Average New Car Pric; = k1 * New Car Average 

	

Weight * CPI 	(A-57) 
Average Old Car Pric; = k2  Old Car Average 

Weight CPI (A-58) 

where k1  and k2  are constants. Old cars sold can also be 
rcdcfined in terms of the old car turnover rate and the size 
of the old car fleet as: 

Old Cars Sold = Turnover Rate * Old Car Fleet (A-59) 

By substituting the expressions for average new and old 
car prices and old cars sold, the excise tax equation be-
comes: 

Excise Tax Collections = Tax Rate [(Turnover Rate * Old 
Car Fleet * k, * Old Car Aver-
age Weight * CPI) + (New Car 
Sales * k2 * 

New Car Average Weight * 
CPI)] 	 (A-60) 

Defining the weight products as: 

New Car Weight Product = New Car Sales * New Car 

	

Average Weight 	(A-61) 
Old Car Weight Product = Old Car Fleet * Old Car 

	

Average Weight 	(A-62) 

the excise tax collections regression equation becomes: 

Excise Tax Collections = CPI * (a * Old Car Weight 
Product + b * New Car Weight 
Product + c) 	(A-63) 

where a, b, and c are regression coefficients, the constant 
a incorporates the effect of the old car turnover rate, and 
c is forced to zero. 

An alternative form for the excise tax collections equa-
tion was employed in the field test in Kentucky: 

Excise Tax Collections = Excise Tax Rate * Consumer 
Price Index * ea  New Car 
Sales' * 
(Disposable Income/Consumer 
Price Index) c 	 (A-64)  

where a, b, and c are regression coefficients. 
The historical time series data for excise tax equation are 

available from 1957. 
Time series for excise tax collections revenue should be 

obtained from state tax records. 
Time series for excise tax rate revenue should be ob-

tained from state tax records. 
For new car sales, the same series should be used that 

was employed to calculate the scrappage rate. For disposa-
ble income, the same data should be used that were em-
ployed to estimate the regression coefficients for the auto 
VMT equation. For consumer price index, see "Cost of 
Auto Travel." 

Time series for the new car weight product can be ob-
tained using the series for new car sales developed for the 
estimation of the scrappage rate and the average new car 
weight. Average new car weight can be developed from 
average new car sales, weighted miles per gallon and fuel 
efficiency. Efficiency, as defined by the U.S. Environ-
mental Protection Agency, is approximately equal to the 
product of auto weight and auto fuel economy (mpg) and 
is equal to 49,400 in 1974. The series for both efficiency 
and new car sales, weighted miles per gallon have been 
developed earlier and are used here again. 

Historical series for the old car weight product (OCWP) 
is developed for each year from last year's OCWP and new 
car weight product (NCWP) and the scrappage rate, A, 

using the following equation: 

OCWP = (OCWP, + NCWPI) * A (A-65) 

The initial value of OCWP (OCWP0) must be carefully 
estimated and may be revised after the series has been gen-
erated once, if a more appropriate value is apparent. The 
series would then be recalculated using this value. 

As was the case with the VMT equation, the excise tax 
equation should also be adjusted after the regression has 
been performed. In this case, an additive factor is used to 
equate the forecast of excise tax collections produced by 
the equation for the last year before the start of the analy-
sis period with the collections actually received. The 
factor is in the form of a constant that is added to the sum 
of the weight products in the excise tax regression equation 
and subsequently multiplied by the consumer price index. 
It can be calculated simply by placing an unknown, x, in 
the excise tax collections equation once the regression has 
been performed as shown: 

Excise Tax Collections = CPI * (a * OCWP + b * 
NCWP+x) 	(A-66) 

and solving for the unknown using data for the last year 
prior to the analysis period. This adjustment, as well as 
the adjustment to the VMT equation, should be made in 
order to account for the differences between the forecasts 
produced by the regression equations and the actual mea-
sured values for the year immediately prior to the start of 
the analysis period, insofar as their differences are caused 
by recent influences that are not modeled by the equations 
but are expected to continue. 

In the field test version used in Kentucky, the excise tax 
collections equation is also adjusted after the regression 
has been performed. The calculation of the amount of the 
adjustment is accomplished within the computer program. 
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Registration Fee Collections Equation 

The model calculates registration fees using a pseudo-
average fee per car that is assumed constant over the analy-
sis period. The fee is based on an average fee paid for 
every vehicle in oj,eration. That is, it is equal to the total 
registration fee collections divided by the total number of 
autos in operation in the state. 

Registration Fee Collections = Number of Cars in the 
Fleet * Average Fee Per 
Car 	 (A-67) 

During the field test in Kentucky, it was found that the 
foregoing form of the registration fee collections equation 
consistently underestimated the actual totals collected. In 
Kentucky, more than half of the registration fee collections 
are due to trucks, so the average fee per car value was dis-
aggregated into its two component parts: an average auto 
fee per auto and an average truck fee per auto. To enable 
the user to forecast alternative revenue collections, vari-
ables are included in the equation that allow the user to 
boost collections for either cars or trucks by any desired 
percentage. Because the number of trucks has been grow-
ing faster than cars on an annual basis, a variable is in-
cluded in the equation that allows the user to specify an 
average annual growth rate for truck registration fees per 
auto. 

Registration 
Fee Collections = Number of Cars in the Fleet - (Average 

Auto Fee Per Auto Ic Auto Registration 
Fee Factor + Average Truck Fee Per 
Auto Truck Registration Fee Factor 
Average Annual Growth Rate for 
Truck Registration Fees Per Auto" + 
x) 	 (A-68) 

where x is an unknown quantity solved for by using data 
for the last year prior to the analysis period. It adjusts the 
registration fee collections in order to account for other-
wise unexplained factors to the actual measured level for 
the year immediately prior to the start of the analysis 
period. 

The auto registration fee factor and the truck registra-
tion fee factor enable the user to forecast higher percent-
ages of registration fee collections. Both should be initially 
set equal to one. If a 10 percent increase in registration 
fees is postulated during any given period of years, these 
factors are to be set equal to 1.10 for each year in the 
desired time period. In other words, each desired percent-
age point of increase should be added to the original value 
of one for each year in which the increase is projected to 
occur. 

The amount of registration fee collections in the year 
prior to the analysis period should be obtained from state 
tax records. The number of cars in the year prior to the 
analysis period can be obtained from U.S. DOT/FHWA 
Highway Statistics. The value of registration fee collec-
tions for autos in the year prior to the analysis period 
should be obtained from state tax. records. The computer 
program divides the amount by the total fleet size for the 
same year. 

Data describing truck registration fee collections and 
the fleet size should be obtained from the previously men- 

tioned sources for the several year period prior to the analy-
sis period. The average annual growth rate of average 
truck registration fees per auto is calculated by evaluating 
the following expression: 

TADJ = [(Truck Registration Fee Collections/Number 
of Automobiles) / (Truck Registration Fee Col-
lections/ Number of Automobiles_) ]l/n 

(A-69) 

where n is the number of years by which the first observa-
tion precedes the analysis period. 

In the Kentucky field test, after considerable analysis of 
the data, a value of 5 was selected for n. A five-year aver-
age annual growth rate was calculated and employed in the 
model. Such a value of the growth rate should be scruti-
nized to make sure that it falls within the boundaries of 
common sense. If the average registration fee for trucks 
is increased within the period employed in calculating the 
average annual growth rate, the resufting value will be 
misleading and inappropriate. The average annual growth 
rate is only a suggestion for adjusting the registration fee 
collections equation for more accurate predictions. Alter-
native schemes for performing this adjustment may be em-
ployed instead. 

Gasoline Tax Collections Equation 

The gasoline tax collections data used as a basis for this 
equation are comprised of gasoline and diesel tax collec-
tions. Although diesel fuels are primarily used only in 
trucks today, they are foreseen to compose a larger share 
of auto requirements and it would be appropriate to com-
bine the two fuels into a motor fuel category for all fore-
casting endeavors. 

When the model was calibrated using Maryland data, a 
factor (1.0331) was incorporated in the gasoline tax col-
lections equation. This factor accounts for additional 
revenue MDOT receives from several small miscellaneous 
sources, such as map sales, as well as the gasoline tax re-
funds made by the State. Simply stated, it sets the net 
revenue available to Maryland DOT from the gasoline tax 
collections account, which includes these miscellaneous 
revenue sources, equal to 1.0331 times the gross motor 
fuel tax collections. This value could be calculated for 
the user state by taking the quotient of the net revenue for 
gasoline tax collections combined with the revenue from 
similar small revenue sources, to the extent they exist, di-
vided by the gross motor fuel tax collections. This quotient 
would be taken for several years, and an average value of 
these quotients would be used. 

Scaling Factors 

Several scaling factors are also used in many of the 
equations. The scaling factors are used to adjust several 
variables that had been factored to make them easier to use 
when the regression analyses were done. Millions of ve-
hicle-miles of travel (e.g., 17,800 million veh-mi of travel) 
were used in the VMT equation rather than strictly vehicle-
miles of travel (e.g., 17,800,000,000 veh-mi). Thousands 
of new car sales were used in the new car sales equation. 
And billions of vehicle-pounds were used for the weight 
products in the excise tax equation. 
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SUMMARY OF DATA REQUIREMENTS AND SOURCES FOR 

CALIBRATION AND USE 

Two sets of data must be collected in order to use 
HURM: 

Historical series that are used to calibrate the model 
for the user's state as previously described under "Model 
Calibration." These series are listed in Table A-8 along 
with sources for obtaining many of these series. 

Forecasts of largely economic- and energy-related  

data that must be input to the model to generate the reve-
nue forecasts. This series is listed in Table A-9 with sources 
in the public sector that produce some of these forecasts. 

Only Federal Government sources have been cited here, 
but data may also be available from other sources at state, 
regional, or local agencies or private organizations in the 
user states. In addition, several commercial organizations 
regularly forecast much of the data that are required for 
input. State fiscal planners should be consulted as to 
whether the state subscribes to any of these commercial 

TABLE A-8 

HISTORICAL DATA REQUIRED FOR CALIBRATION 

Historical series U.S. 	State Source Remarks 
or 

Local 

Number of Cars 
in the Fleet 

X 	X 
1950- 	1950- 
1975 	1975 

U.S. DOT/FHWA. 	Highway 
Statistics, Summary to 1965 

The total number of private, commercial 
(including taxi cabs), and publicly 
owned auto registrations should be used. and successive issues, 

New Car Sales X 	X 
1950- 	1950- 

Wards Reports, Inc. 	Wards 
Automotive Yearbook, 

New car registrations listed by Wards 
equate with new car sales. 

1975 	1975 Detroit, Michigan. 

X 	X Motor Vehicle Manufacturers 
Association. 	Automobile 
Faec and Figurec. 
Washington, D.C. 

Average Annual 
Miles Per Auto 

X 
(See Remarks) 

U.S. DOT/FHWA. 	Nationwide 
Personal Transportation 

The data was collected during 1969 and 
is for model years 1960-1969. 

Study-Annual Miles of Auto- by Model Year 
mobile Travel-Report No. 2. 
H. E. Strate, April, 	1972, 
p. 	14. 

New Car Sales- X Austin, Thomas C. and Karl Methodology: 	Sales weighted harmonic 

Weighted MPG 1957- H. Hellman. 	"Passenger Car mean. 
1973 Fuel Economy-Trends and 

Influencing Factors. 
Paper presented to Society 
of Automotive Engineers, 
September, 1973, p.  8. 

Hourly Wage 
Rate 

X 
1954- 

U.S. Department of Labor, 
Bureau of Labor Statistics, 

Average hourly gross earnings per 
production (or non-supervisory) 

1974 HandboOk of Labor Static- worker on private non-agricultural 
payrolls. tics 1975-Reference Edition, 

p. 146. 

X U.S. Department of Commerce, 
1954- Bureau of Economic Analysis. 
1974 Rns.inesa Statistics. 	1975, 

P. 81 

X U.S. Department of Commerce, 
Bureau of Economic Analysis. 
Business Conditions Digest. 
November, 1974, p. 92. 

Consumer Price X U.S. Department of Commerce, 
Index 1954- Bureau of Economic Analysis. 

1974 Business Statistics. 	1975, 
p. 	41. 

X U.S. Department of Labor, 
1954- Bureau of Labor Statistics. 
1974 Handbook of Labor Statis- 

tics 1975-Reference Edition. 
p. 	338-339. 

Average Highway x U.S. DOT/PHWA. 	Highway This is the average speed of autos 
Speed 1950- Statistics. 	1961, 1973, on main rural highways. 

1974 1974. 
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TABLE A-8 (Continued) 

Historical Series U.S. 	State Source Remarks 
or 

Local 

Gasoline X 	X American Petroleum Insti- These prices are retail regular grade 
Price 1954- 	1958- tute. 	Petroleum Facts and gasoline prices per gallon. 	National 

1970 	1969 Figures. 	1971 Edition, numbers are simple average urban gaso- 
Washington, D.C. line prices. 	The data listed for States 

are for metropolitan areas. 	Two sets 
of national and state prices are avail- 
able. 	One set includes all applicable 
taxes and the other excludes all taxes. 

X 	X American Petroleum Insti- 
1950- tute. 	"Basic Petroleum 
1976 Data Book." 	April, 1976. 

X 	X The Petroleum Publishing These prices are "suggested 	retail 
Company. 	Oil and Gas regular major brand gasoline prices 
Journal, 	Tulsa, Oklahoma, expressed as urban yearly averages. 
December 13, 1976. The national numbers are an average 

of 52 cities and the state data is for 
metropolitan areas. 	Similarly, we have 
prices both including and excluding 
state and Federal taxes. 

Auto VMT Historical data for VMT should be avail- 
able from a state source. 	However, 
these estimates of VMT must be made 
carefully. 	If annual VMT is estimated 
using gasoline tax collections, changes 
in the average fleet miles per gallon 
must be incorporated in the calculation 

- of VMT. 

Population Historical data on the statewide popu- 
latioñ ShOUld be Obtained from a state 
source. 

Unemployment X U.S. Department of Labor, All civilian workers 16 years of age 
Rate 1954- Bureau of Labor Statistics, and over. 

1974 Handbook of Labor Statis- 
tics 1975-Reference Edition. 
p. 146. 

Disposable X U.S. Department of Cosserce, Constant 1958 dollars. 
Income (Annual 1950- Bureau of Economic Analysis. 
per Capita) 1970 Long Term Economic Growth 

1860-1970. 	June, 	1973, 
pp. 188, 189. 

X U.S. Department of Coumerce, Available in current dollars and/or 
1950- Bureau of Economic Analysis, constant dollars. 
1974 Business Conditions Digest. 

December, 1975, pp.  5, 69. 
Also, September, 1974 
edition, p.  109, August, 
1974, p. 	115. 

X U.S. Department of Labor, 
1955, Bureau of Labor Statistics. 
1960, The U.S. Economy in 1985- 
1966, A Suimnary of BLS Projections. 
1972 Bulletin 1809, 1974. 

Auto X Environmental Protection Auto efficiency is approximately 
Efficiency 1957- Agency, Mobile Source equal to the product of sales 

1974 Pollution Control Program, weighted MPG and inertia weight. 
Fuel Economy of Emission 
Control. 	November, 1972, 
Appendix I, pp.  41-44. 

Excise Tax Historical data for excise tax 
Collections collections should be available from 

a state source. 	 - 
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TABLE A-9 

INPUT DATA REQUIRED TO PRODUCE REVENUE FORECASTS 

Forecasts Series U.S. 	State Source Remarks 

Consumer Price No known official forecast. 
Index 

Gasoline Price No known official forecast. 

Population Forecasts for population should be 
available from a state source. 

Average Nighway X Unpublished source, Forecasts of the average speed of 
Speed (1974 - Federal Energy Admiris- automobiles on main rural raods. 

1985) tration. (This forecast assumes a speed of 
55 mph for all future years. 	Since 
this assumption may be overstating 
compliance with the 55 mph speed 
limit, a sensitivity analysis may be 
warranted to evaluate the effects of 
different levels of compliance (which 
is partly a function of enforcement) 
on revenues.) 

Unemployment X Department of Labor, Forecasts of unemployment rate are 

Rate (1980, Bureau of Labot Statistics, listed for 1980 and 1985. 
1985) The Structure of the U.S. 

Economy in 1980 and 1985. 
Bulletin 1831, Washington, 

Unpublished source, Bureau Modification of previously published 
of Economic Analysis, U.S. forecasts. 
Department of Coimnerce. 

hourly Wage No known official forecast. 

Rate 

Forecasts Series U.S. 	State source Remarks 

Disposable X U.S. Department of Labor, 

Income (1980, Bureau of Labor Statistics. 
1985) The U.S. Economy in 1985 - 

A Summary of BLS Projections. 

U.S. Department of Labor, 
Bureau of Labor Statistics. 
The Structure of the U.S. 
Economy in 1980 and 1985. 
Bulletin 1831, Washington, 
1975. 

Gasoline Forecasts for the gasoline tax rate 

Tax Rate should be available from a state 
source. 

No known official forecast. Auto 
Efficiency  

Average Fuel x Energy Policy and Conserva- Efficiency standards have been estab- 

Economy (1978, 	1979, tion Act (Pt 94-1963, Title lished for 1978, 1979, 1980 and 1985 

Standard 1980, 	1985) 17, Part A) for the total fleet which an auto 
manufacturer produces. 	Efficiency 
standards are currently being drafted 
for 1981 through 1984. 

forecasting services and the extent to which the necessary 
input data are available from these or other state or local 
sources. 

In many cases where statewide annual averages are not 
available for a variable, national, regional, or local data 
sources may be used either as a substitute, where appli-
cable, to estimate statewide averages. Consequently, sources 
for both national and local data are contained in the ac-
companying tables as well. 

In those cases where reliable forecasts of a particular 
variable may not be available, upper and lower bounds of  

that variable should be estimated in order to determine the 
range of likely highway user revenue forecasts. 

Tables A-8 and A.9 are based on data collected for test-
ing the model in one state. Additional data may be avail-
able from these and other sources. 

BIBLIOGRAPHY OF STUDIES ON PRICE AND INCOME 
ELASTICITIES RELATIVE TO GASOLINE CONSUMPTION 

A survey on price and income elasticities generated by 
recent gasoline demand models is shown in Figure A-7. The 
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Estimated Elasticities Model Can Analyze 
Price of Gas 	- 	 Income Gasoline Price Conservation Policy 
Short 	Long Short 	Long Author Model Type Variable Options Affecting 

static single 
Lady (2) equation; national; -.16 	N/A .48 	N/A 

retail price, 
 gasoline price 

monthly 1969-73 excluding taxes  

P. Verleger dynamic single 
(3) equation; state; -.16 	-.54 .32 	1.06 retail price,  gasoline price 

quarterly 1963-72 excluding taxes  

Houthakker dynamic single 
M. Kennedy (4) equation; state; -.07 	-.24 .30 	.98 retail price,  gasoline price 

annual  including taxes 

D. Anderson dynamic single 
(5) equation; state; -.11 	-.60 .17 	.93 retail price,  gasoline price 

annual 1952-72  including taxes 

C. Chamberlain dynamic single 
(6) equation; national; -.06 	-.07 .61 	.71 retail price, gasoline price 

annual 1951-70 excluding taxes new car price 

R. McGillivray dynamic single 
(7) equation; national; -.22 	-.69 N/A 	N/A retail price, 

gasoline price 
annual 1951-69 including taxes 

N. Houthakker dynamic single 
P. Verleger equation; state; -.43 	-.75 .44 retail price, 

gasoline price 
(8) annual 1951-71 including taxes 

J. Ramsey static demand- 
A. Rasche supply; national; N/A 	.77 N/A 	1.34 retail price,  gasoline price 
B. Allen 	(9) annual 1948-71 including taxes  

B. Burright static recursive; 
(10) national; -.14 	-.93 N/A 	N/A 

CPI for gas gasoline price  
annual 1954-72 and oil new car price 

S. Sweeney dynamic recursive; gasoline price 
(11) national; -.12 	-.73 1.03 	.98 

retail price 
new car gasoline 

annual 	I91-73 including taxes t affii.enry 
average speed 

Figure A-7. Comparison of recent automobile gasoline demand models. Source: I. L. Sweeney. 

figure is adapted from Sweeney (11), and a discussion of 
the model equations and estimating techniques can be 
found in Chamberlain (1). 

The figure exhibits a wide range of values. Short-run 
elasticity with respect to gasoline price varies from - 0.06 
to - 0.43; and the long-run elasticity, from - 0.07 to 
- 0.77. Elasticity with respect to income ranges from 0.17 
to 1.03 in the short run and between 0.71 and 1.34 in the 
long run. 

Some of the reasons for these discrepancies are apparent 
in the figure, whereas others can only be understood by 
investigating the models. The reasons for the different elas-
ticities are primarily due to different varialle definitions; 
sources and time periods of historical data; and estimation 
period, frequency, and methodology. 
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APPENDIX B 

MANUAL FOR THE SHORT-RANGE CAPITAL 
RESOURCE AVAILABILITY MODEL 

INTRODUCTION 

Purpose 

The Short-Range Capital Resource Availability Model 
(SCRAM) is a technique for analyzing bond program op-
tions. It was developed by the Maryland Department of 
Transportation to aid in analyzing its capability of using 
debt financing, as well as in analyzing the implications of 
alternative financing policies for revenue requirements and 
funding of operating and capital programs. 

The usefulness of SCRAM lies in the ease of testing the 
effects of alternative assumptions about future financial 
conditions, alternative requirements for future expenditure 
programs, and bond program formulation; and, thereby, in 
assessing the full range of their implications. For example, 
alternative levels of capital and operating expenditures may 
be assumed, and the model will determine the value of 
bonds that must be issued to minimize revenue require-
ments under each set of assumptions. Alternatively, dif-
ferent levels of revenue may be assumed, and the model 
will determine the value of bonds that must be issued to 
maximize possible expenditures for each set of assump-
tions. An alternative assumption regarding how bond pro-
grams are formulated may be assembled to assess their im-
pact on required revenues or expenditure ceilings. The 
relatively low cost of successive calculations using different 
assumptions makes SCRAM a valuable tool in transporta-
tion programming, and the comparative calculations also 
may be useful in explaining or justifying program recom-
mendations in a public or legislative forum. In addition, 
the program printout is a concise, comprehensive financial 
statement and a useful reference. 

Background 

In the first phase of the study, 12 of the 13 states where 
transportation planning officials were interviewed, specifi-
cally identified some form of revenue shortfall as a major 
issue confronting the transportation agency. The dramatic 
increase in construction and maintenance costs over the 
last several years, coupled with the decline in real income 
from road user taxes, has forced states to identify and an-
alyze alternative highway programs and means for financ-
ing them. Specifically, information is necessary to assess 
the implications of the following: 

Alternative assumptions regarding state and federal 
revenues available under alternative future scenarios 
on construction and maintenance programs; 
Alternative construction and maintenance programs 
on revenue requirements; and 
Debt financing on future transportation improvement 
programs and the resources required to support them. 

In the second phase of the study, a test of a debt finance 
modl, SCRAM, was conducted to assess the extent to 
which these information needs could be met. The test was 
comprised of developing alternative scenarios regarding 
revenues and highway programs and assessing their impli-
cations on future capital resource availability. 

Organization of the Manual 

This manual first describes the model structure. An 
overview of the model is presented, followed by a detailed 
description of the integral parts of the model. Each of the 
basic equations is discussed in terms of its purpose, the 
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conditions under which it is employed, and the variables 
that form it. An assessment of the capabilities of the model 
as discovered during the field test in Kentucky is also 
included. 

In order to analyze alternative bond program options, 
data must be collected, the computer program must be 
installed, and the data must be prepared for use by the 
computer program. The manual includes guidelines for 
assembling the input data, a description of program instal-
lation, and a listing of the operating instructions. Several 
sets of alternative forecasts were calculated during the field 
test. These are discussed as a sample application of the 
model. 

THE SHORT-RANGE CAPITAL RESOURCE AVAILABILITY 
MODEL 

SCRAM has four modes of operation (bond estimation, 
minimization of revenue requirements, maximization of 
operating expenditures, and maximization of capital expen-
ditures), and is, in effect, four models combined to form 
one. All four of the models forecast bond sales subject to 
specific financial constraints and assumed future financial 
conditions. By varying the assumptions of revenues or 
expenditures or of bond program formulation, the full 
range of potential financial implications of debt finance 
can be assessed through the use of SCRAM. 

Each of theñlOdels is described in the following. 

Modes of Operation 

The four modes of operation are as follows: 

Bond estimation—In this mode of operation, SCRAM 
calculates the value of bonds that must be issued each year 
of the analysis period to satisfy specified levels of revenue, 
and capital and operating expenditures. 

Minimization of revenue requirements—In this mode 
of operation, SCRAM determines the value of bonds that 
must be issued each year to minimize revenue require-
ments during the entire analysis period, while meeting 
specified capital and operating requirements. 

Maximization of operating expenditures—In this 
mode, SCRAM determines the value of bonds that must be 
issued in each year in order to maximize operating expen-
ditures over a specified analysis period, subject to specified 
revenue levels and capital expenditures. 

Maximization of capital expenditures—Similarly, 
SCRAM calculates the value of bonds that must be issued 
each year to maximize capital expenditures during the en-
tire analysis period, subject to assumed revenue levels and 
operating expenditures. 

Assumed Financial Structure 

The model is built on four equations representing the fi-
nancial structure and constraints within the user state. 

The first equation defines the schedule of bond issuance 
and payment of principal and interest. Specifically, SCRAM 
assumes that bonds are issued on the first day of each year, 
and interest is paid every six months. 

The second equation specifies the funds that are available 
each year to earn interest (investment income). Investable 
funds include the average cash balance forward, one-half 
the bond proceeds for a given year (assumes uniform draw-
down of funds), and sinking fund requirements for old and 
new bonds. 

The third equation presents the basic balance sheet rela-
tionship between revenues and expenditures. Total income 
for each year includes the balance forward from the previ-
ous year, and revenue, Federal aid, bond proceeds and in-
vestment income for the current year. Total income must 
equal total expenditures, which include current year operat-
ing and capital expenditures, sinking fund requirements, 
and balance carried forward to the following year. 

The fourth equation is the requirement to maintain a 
specified level of coverage for debt service. The model 
provides two options—one or both of which may be used 
in any particular application of the model to specify cover-
age requirements. With the first option, called current 
coverage, the level of debt service in any future year is 
limited by current financial capabilities. With the second 
option, called future coverage, the annual debt service in 
future years is limited by projected net revenues in each 
future year. 

Input 

The data that must be assembled in order. to. use SCRAM 
fall into three basic categories. The first category is com-
prised largely of data describing financial conditions or 
commitments at the start of the analysis period, as follows: 

Old debt service payments (annual debt service pay-
ments due on indebtedness incurred prior to the start of 
the analysis period). 

Old annual sinking fund requirements. 
The cash balance forward from the year prior to the 

start of the analysis period. 
The net revenue (revenue plus investment income 

less operating expenditures) for the year preceding the 
analysis period. 

The growth rate of net revenues from the last year in 
the analysis period through the year in which the debt ser-
vice payment is made. (This growth rate is necessary when 
a future coverage constraint is used as a requirement to as-
sure the ability to make future debt service payments after 
the end of the analysis period.) 

The yearly change in revenues, operating or capital 
expenditures. (In order to place some limitation on the 
yearly variation in revenues or expenditures, the user must 
specify an additive factor relating the unknown variable to 
revenues or expenditures in the previous year. For exam-
ple, if revenue requirements are being minimized and the 
additive factor is $10,000, the minimum required revenues 
computed in the program would increase each year by 
$10,000. The value of the yearly change should reflect the 
expected change in revenues or expenditures, and must be 
determined by the user. When either revenues or capital 
or operating expenditures are being optimized (that is, 
revenues are minimized or expenditures are maximized, 
modes of operation 2, 3, and 4), this input must be speci- 
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fled. When the model is being used to forecast bond sales 
(when revenue, operating, or capital expenditures are all 
specified, mode of operation 1), this input is omitted.) 

The second category is comprised of data defining the 
bond program: 

The bond maturity distributions (the percentage of 
the principal that must be repaid in each year of the life of 
each bond issue. 

Interest rates for each bond issue. 
Required coverage of debt service. 

The final category of data that must be assembled largely 
defines future financial conditions: 

Revenue (except in the second mode of operation—
minimization of revenue requirements. (Note: Up to 25 
categories each of revenue, federal aid, capital expendi-
tures, and operating expenditures may be input either for 
each year or with a base level and a growth rate. The pro-
gram uses only the total for each of these inputs, but the 
categories of revenue, federal aid, and capital and operating 
expenditures are printed output as a reference for the user.) 

Federal aid. 
Operating expenditures (except in the third mode of 

operation—maximization of operating expenditures) (see 
parenthetic note in preceding item 1). 

Capital expenditures (except in the fourth mode of 
operation—maximization of capital expenditures) (see 
parenthetic note in preceding item 1). 

The rate of return on investment income for each 
year in the analysis period. 

Output 

For each operation of the model, the following data are 
printed: 

The value of bonds that should be issued in each year 
of the analysis period. 

Annual principal and interest payments for each new 
issue through the life of new bonds. 

Net coverage of debt service based on the current 
and/or future coverage constraint. 

Total principal paid and amount outstanding on both 
old and new bonds in each year of the analysis period. 

New sinking fund requirements for each year of the 
analysis period. 

The revenues, capital or operating expenditures esti-
mated by the model. 

The input data provided by the user. 

Principal Applications 

SCRAM can be used to assess the implications of future 
financial conditions on the availabilty of capital resources. 
The principal types of application in assessing impacts of 
future conditions are listed in Table B-i. These applica-
tions focus on the impacts of possible futures on required 
revenues and possible expenditures. 

In addition to these types of applications, SCRAM can 
also be used to identify the impacts associated with alter-
native bond principal maturity distribution schedules, mini- 

TABLE B-i 

PRINCIPAL APPLICATIONS OF SCRAM 

Focus of Attention Application Approach Impacted Variables 

Uncertainty of Sound the range of Capital Expenditures 
Future Revenues possible revenue 

levels Operating Expenditures 

Bond Sales and Resultant 
Debt Service 

Expenditure Develop alternative Revenue Requirements 
Programs capital or oper- 

ating expenditure Capital Expenditures 
programs 

Operating Expenditures 

Bond Sales and Resultant 
Debt Service 

Alternative Formulate alternative Revenue Requirements 
Federal Aid assumptions for 
Policces Federal aid policy, Capital Expenditures 

as well as comple- 
mentary assumptions Operating Expenditures 
regarding capital 
or operating expen- Bond Sales and Resultant 
dituses Debt Service 

mum cash balances brought forward, bond interest rates, 
or coverage requirements. 

Model Structure 

The assumptions and constraints used in SCRAM are 
represented by four equations that follow (Eqs. B-i through 
B-4). Each of these must be examined to assess its com-
patibility with the financial structure and requirements 
faced by the user. 

A summary listing of all the variables used by SCRAM is 
contained in Table B-2. It should be noted that the sub-
scripts used in the definition of variables in Table B-2 have 
the following meaning. The variable i refers to a year in 
the analysis period. The subscript j refers to a bond issue 
(note that, for example, bond issue 5 was issued in the 
fifth year in the analysis period). The subscript k refers to 
the number of years since the bond was issued, where k 
O during the year when the bond was issued and k = 1 dur-
ing the next year, and so on. 

Each of the variables in Table B-2 is discussed in greater 
detail in the context of the four equations. 

The SCRAM program has two principal types of opera-
tion: (i) bond estimation (mode of operation 1); and 
(2) revenue, capital, or operating expenditure optimization 
(modes of operation 2, 3, and 4). In the first mode, 
SCRAM solves for the value of bonds that must be issued 
in each year of the analysis period to satisfy the levels of 
revenue, and capital and operating expenditures specified 
by the user. In this mode, SCRAM uses the first three equa-
tions and simply calculates the resultant coverage ratios 
using the fourth equation(s). In the optimization modes, 
SCRAM solves one of the following linear programs: 

Minimize 	
, R

1—that is, minimize the sum of 

revenues over the analysis period. Sub-
ject to the constraints: 
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TABLE B-2 

LISlING OF VARIABLES USED BY SCRAM 

R. 	Total revenues in year i 	 - 

PA. 	Total federal aid in year i 

Total operating expenditures in year i 

C. 	Total capital expenditures in year i 

ODS. 	Total debt service in year i for old bonds 

IR 	Interest rate for new bond issue 

k 	Percentage of total principal of bond issue j paid in year k 
of the life of the issue 

Fj 	Percentageof total debt service of bond issue j paid in 
year k of the life of the issue 

NP. 	Cash balance forward requirement in year i 

RR. 	Rate of return on investment income in year i expressed in 
percentage terms 

SF. 	Total sinking fund requirements in year i for existing bonds 

COV 	Required coverage ratio. )The fourth equation defines the 
coverage requirements used by the model. Broadly speaking, 
the requirements state that net revenue must equal or exceed 
the product of this coverage ratio and debt service payments 
in future years.) 

B 	Value of jth bond issue 

I. 	Investment income in year i 

L 	Number of years in analysis period 

r 	Net revenue growth rate beyond Lth year 

The aemunt which revenue,-  capital or operating expenditures - 
change from year i-1 to year i )such that il) in the opti-
mization modes of revenue minimization, capital or operating 
expenditure maximization respectively. 

The equation incorporates the assumption that bonds 
are issued on the first day of each year, that principal pay-
ments are made the first day of each year, and that interest 
is paid every six months (see Fig. B-i). 

The debt service payment in the year of issue, k = 0, is 
comprised solely of the interest due on the bond proceeds 
for the first six months of the issue, because no principal is 
paid in the year of issue and the bond is issued on the first 
day of the year, at which time no interest is paid. Conse-
quently, Eq. B-i for the year of issue is defined as: 

F0i=!Ri/2 	 (B-iA) 

The interest payment for the first six months of the issue is 
calculated when F05  is multiplied by the value of the bond 
issue, Bi. 

For all subsequent years after the year of issue, k = 1 
through the year of redemption of the issue, the total debt 
service in any given year is comprised of principal and in-
terest payments. Eq. B-i for these years is comprised of 
three expressions that correspond to the January interest 
payment, the July interest payment, and the principal pay-
ment made in that year. These expressions are incorpo-
rated in Eq. B-i for all years after the year of issue as fol-
lows: 

Flzi= --- (O/-.j ) + -i-- (Q1') + P,i 	(B-111) 

— The variable Q,' is equal to the percentage of the principal----
on bond issue j still outstanding at the end of kth year after 
the bond was issued, as follows: 

Income = Expenditures (Eq. B-3) 
Coverage Requirement(s) (Eq. B-4) 
R. 1  = R + D1  

Maximize 	:. of—that is, maximize the sum of 

operating expenditures over the analy-
sis period. Subject to the constraints: 
Income = Expenditures (Eq. B-3) 
Coverage Requirements (Eq. B-4) 

=0, + D 

Maximize 	Cr—that is, maximize the sum of 

capital expenditures over the analysis 
period. Subject to the constraints: 
Income = Expenditure (Eq. B-3) 
Coverage Requirement(s) (Eq. B-4) 
C 1  = C + D 

Debt Service Payments (Eq. 13.1) 

Eq. B-i establishes the schedule of debt service payments 
(principal and interest) through the calculation of the model 
variable F1.  The variable F, 5  represents the fraction of 
bond proceeds of issue I equal to the debt service payment 
that is made k years after the bonds were issued. In other 
words, the total debt service payment (principal and in-
terest) paid k years after bonds were issued on issue I is 
equal to the product of F' and the bond proceeds, B. For 
example, the expression F35B5  is the total debt service pay-
ment on bond issue 5 made three years after it was issued. 

Q1i = 1.00 - 	- P2  - . . . - P7c j (B-iC) 

The first expression, 
1K'-2- (Q,,'), in Eq. B-lB represents 

the portion of FJ equal to the interest payment made in 
January, k years after the bonds were issued. The variable 
Q,1' is equal to the percentage of the principal outstanding 
in the six-month period preceding the January payment and 
!Ri/2 is the interest rate for this period, one-half the an-
nual interest rate. 

IRi 
The second expression, 	(Qi), represents the interest 

payment made in July for the same year, k years after the 
bonds were issued. Similarly, the variable QI'  is equal to 
the precentage of the principal outstanding in the six-month 
period prior to the July interest payment and IRI/2 is the 
interest rate for this period. 

Lastly, P,.i  represents the principal payment and equals 
the percentage of the principal that is paid k years after 
the bonds are issued. 

Annual Investment Income (Eq. B-2) 

Eq. B-2 is used to calculate investment income, 1, for 
each year in the analysis period. The investment income 
is equal to the return received on the following invested 
funds: 

Average cash balance forward. 
One-half the bond proceeds for the analysis year. 
Sinking fund requirements for old bonds. 
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Years After The Year of Issue 

0 1 2 

• . . 

Sinking fund requirements for new bonds issued prior 
to the analysis year. 

Sinking fund requirements for bonds issued in the Bond 
analysis year. Issued 

The investment income is calculated as the product of 
the rate of return, RR, on investments for the year and the Interest* 

sum of all the foregoing invested funds. 	It is calculated 
Payment 

using the following equation for each year in the analysis 
period: Principal 

Payment 

= RR. EBF11  + BF)/2 + B1/2  + SF4  

+ 	F 1 i B + (F04  + F11) B1] 	 (B-2A) 

The expressions that specify the funds earning invest-
ment income are defined in the following: 

Interest Payments are equal to the interest due on the prin-
cipal which was outstanding during the six months prior to 
their payment. 

Figure B-i. Schedule of principal and interest payments on any 
bond issue. 

(BF41 +BF1 )/2 
Average cash balance forward is one-half the balance 
forward in the previous year, BF 1/2, plus one-half 
the balance forward in the current year, BF/2. The 
required initial cash balance and the minimum bal-
ance forward annually are specified by the user. 
B4/2 
One-half of the bond proceeds for the year of analysis 
that is calculated by the model is included. 
SF1  
Total annual sinking fund requirements in year I on 
bonds issued prior to the analysis period are specified 
by the user for each year through the life of existing 
bonds. 

1 Fi +1  B 

Annual sinking fund requirements for all new bonds 
issued prior to the year of analysis, i, are equal to the 
debt service payments due on these bonds one year 
later (i+ 1). 

Fi_51  B 

The annual sinking fund requirements in each year, 
i, for all new bonds issued during the analysis period 
prior to that year i are equal to the debt service pay-
ments that must be made in the following year, i + 1. 

The expression 	F15_ + B5  calculates the sum of 

these payments for all such bond issues. For example, 
the sinking fund requirements for new bonds issued 
prior to the fourth year in the analysis period, i = 4, 
are defined in the following equation and illustrated 
in Figure B-2. 

F1 	Bi = F41B1  + F32B2  + F23B3  (B-2B) 

(F01  + F1 ) BI 
The model also assumes that the first two debt service 
payments of the bonds issued in any year must be 
placed in a sinking fund during the year in which the 
bonds are issued. These payments are calculated for 
any year i, using the expression (F04  + F11 ) B1, and 
are also illustrated in Figure B-i. 

Revenues Equal Expenditures (Eq. B-3) 

This equation presents the basic balance sheet relation-
ship that states that income must equal expenditures. Total 
annual income is comprised of the following: 

BF1_1  =. Balance carried forward from the previous 
year (i - 1) 

R4  = Total revenue 
FA4  = Total Federal aid 

B1  = Proceeds from bonds issued in the current 
year, i 

= Investment income 

Debt Service Payment Schedule 

Year in the An1ysis Period  

1 2 3 4 5 6 

Bond 

1 F 	B1  F 	B1  

Issue  

F 	B' F 	B1  F 	B1  F 	B1  

2 F 	B2  F 	B2  F 	B2  F 	B2  F 	52 

3 F 	B3  F 	B3  F 	B3  F 	B3  

F 
1FB4 

F1 B4  

5 F05 B5  F 	B 

6 FB6  

F1  B' 4 	The sinking fund requiremeht in year 4 of the analysis period 

2 	2 	
for all new bonds issued prior to year 4 is the sum of the 

	

F3  B 	terms at the left and are the debt service payments which 
will be made on these issues in year 5 

F B3  

The sinking fund requirement in year 4 of the analysis period 
for bonds issued in year 4 equals the sum of the two terms at 

	

F B4 	
the left which is the first two debt service payments for 

1 	bonds issued in the fourth year of the analysis period. 

Figure B-2. Sample sinking fund requirements for year 4 in the 
analysis period. 
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Total annual expenditures are comprised of the follow-
ing: 

= Operating expenditures 
C4 = Capital expenditures 

SF4 = Sinking fund requirements for old 
bonds 

F,_,,BI = Sinking fund requirements for new 
3=' 	 bonds issued prior to the year of 

analysis. (This expression was ex-
plained in detail under Eq. B-2.) 

BF4 = Balance carried forward from the 
year of analysis 

Eq. B-3 sets total annual revenue income equal to total 
annual expenditures for each year in the analysis period: 

BF, + R4 ± FA4 + B1 + l = O + C1 + SF4 

+ 	Fi 1+1Bi + (F, + F,)B + BF 	(B-3) 

Coverage Requirements (Eq. B-4) 

The model provides two options for specifying coverage 
requirements, one or both of which may be used in any 
mode of operation of the model. With the current coverage 
constraint (Eq. B-4A), the level of debt service in any fu-
ture year is limited by current financial capabilities. The 
future coverage constraint (Eq. B-4B), on the other hand, 
limits future annual debt service with respect to net reve-
nues in each future year. The coverage requirements are 
expressed in terms of the relationship between net annual 
revenues and total annual debt service requirements. 

Current Coverage Requirements (Eq. B-4A) 

This form of coverage requires that net revenues from 
the preceding year must equal or exceed the product of a 
coverage ratio specified by the user, and the annual debt 
service payments in any future year through the life of all 
bond issues that are outstanding in the current analysis 
year. The coverage requirement for any year, i, in the 
analysis period is represented by the. series of inequalities 
defined as follows: 

R, + I, - O, ~! COV (oDs1 + 	B)) 

(B-4A) 

where m extends from the current analysis year, i, through 
the last year in which a debt service payment is still out-
standing. That is, there are individual inequalities for each 
value of m. The expressions in Eq. B-4A are defined in the 
following: 

R1_, + 11 
- 

0i-1 

The net revenue for the previous year is defined as 
the revenue, R1_,, plus the investment income, 1 1 
less the operating expenditures. 
COV 
The coverage factor is a constant specified by the 
user to establish the relationship between net revenue 
and debt service payments. 

(ODSVI + 	FmljBJ)  

The annual debt service payment that is outstanding 
in the current analysis year, i, is comprised of two 
components for any future year after the analysis 
year through the life of all bond issues; debt service 
on bonds issued prior to the start of the analysis pe-
riod, ODS,, and the debt service on bonds issued 
during the analysis period up to and including the 
year of analysis. For example, in the third year of 
the analysis period, i = 3, if the bond life of each of 
the issues made during the analysis period was five 
years, the coverage requirement would be repre-
sented by the following inequalities: 

R, + I, - O,~!(COV) (ODS, + F,' B' + F,2 B' + F,' B') 
R, + 1,— 0, (COV) (ODS, + F,' B' + F,' B' + F,' B') 
R, + 12 — 02 ~(COV) (ODS, + F4' B' + F,' B' + F,' B') 
R, + 12 — 02~!(COV) (ODS, + F,' B' + F4' B' + F,' B') 
R, + 1, - 02~!(COV) (ODS, + F,' B' + F4' B') 
R, +12 - 0,-2! (COV) (ODS, + F,' B') 

Future Coverage Requirement (Eq. B-4B) 

This constraint relates net revenues in each year to total 
debt service payments due in that year for every year in 
which debt is outstanding, including those beyond the end 
of the analysis period; whereas the current coverage con-
straint (Eq. B-4A) computes coverage for only the years 
In the analysis period. This future coverage constraint 
results in computation of coverage for every year through 
redemption of the longest bond issue. 

For each year of the analysis period, i = 1, . . ., L, net 
revenues, R + I - 0, must equal or exceed the product 
of the coverage factor, COV, specified by the user, times 
the sum of debt service on old bonds, ODS.1, plus debt 

service incurred on new bonds ( 	F_ Bi): 

R1 + I— 0i >_ COV (0DS1 + 	F, B)) 	(B-4B1) 

Using an example for the third year in the analysis period, 
= 3, this constraint is: 

R, +1,-0, ~: COV (ODS, + F,' B' + F,' B' + F,' B' 

For each year of the analysis period, total revenue and 
operating expenditures either are specified by the user or 
are computed by the model, and investment income is also 
calculated by the model. In using the future coverage 
constraint, it is necessary to specify, in addition, the as-
sumed growth in net revenues for the years beyond the 
end of the analysis period through redemption of the 
longest new bond issue. The future coverage equation is 
modified for the years following the analysis period to 
include this assumed growth rate (represented by r). The 
constraint becomes 

(RL +IL _OL)(l+(i_L)r)>_ COV (ODSI + 

F Bi) 	(B-4112) 

for each year from the end of the analysis period through 
the year in which the longest bond is redeemed. 
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Net revenue in the last year of the analysis period, 
RL + 'L - °L' is multiplied by the expression, 1 + (i - L) 
r, for all subsequent years. The expression results in equal, 
fixed increases in the net revenues from the last year in 
the analysis period. For example, if the growth rate is 
5 percent (r = 0.05) and the length of the analysis period 
is 5 years (L = 5), net revenue in the years after the end 
of the analysis period will increase in the following manner: 

year I Increase in revenue 
(1 + (i — L) r) 

6 	(1 + (6-5) 0.05) = 1.05 
7 	(1 + (7-5) 0.05) = 1.10 
8 	(1 + (8 — 5) 0.05) = 1.15 
9 	(1 + (9 — 5) 0.05) = 1.20 

Model Assessment 

SCRAM incorporates several assumptions that may limit 
its use to some users. These assumptions are confined to 
four areas: (1) sinking fund requirements, (2) debt service 
coverage requirements, (3) interest payments on bonds, 
and (4) investment income. SCRAM can be precisely 
applicable in only a few states because of these assump-
tions, although SCRAM can be used widely in less precise, 
more general applications. 

The most Important of the assumptions incorporated in 
SCRAM concerns payments to sinking funds. For bonds 
issued during the analysis period, the debt service pay-
ments that must be made in the following year are assumed 
to be paid to a sinking fund each year. In addition, for 
bonds issued during the analysis period, the debt service 
payments for the year of issue (interest payments only) 
are also paid to the sinking fund. The user may also specify 
sinking fund payments for each year, which have been 
incurred prior to the start of the analysis period. 

The second major assumption concerns the required 
coverage of deft service. SCRAM can employ two different 
forms of coverage requirements, although the two are 
similar. The first form, as noted earlier, is referred to as 
current coverage and is used to measure the current 
ability to meet future debt service payments. Simply stated, 
current coverage requires that, in each year of the analysis 
period, the net revenues from the previous year must equal 
or exceed the debt service payments already incurred for 
any future year times a required coverage factor specified 
by the user. This coverage requirement is defined by 
Eq. B-4A (discussed in detail earlier) and is reproduced 
here, as follows: 

R 1 + l - O ~: COY (oDs + 

F1)J+1iB)hiL 	
1 

The second form of coverage measures the future ability 
to make future debt service payments and is defined by 
Eq. B-4B, and is: 

R +1, - , >_ co (ODS1 + 

iiBi)i_1,...L 	(B-c) 

R + I 
- 

O [1 + (i - L) r] coy (ODSi + 

L 	

I
\i=Ll,... 

F. 1iBi I 	 (B-6) 
j=1 	J.. + .,L+1+N+l 

Briefly, the requirement states that, through the life of the 
longest bond issue, net revenues in each year must equal 
or exceed the accumulated debt service payments. 

The model assumes that income accrues from the fol-
lowing invested funds: 

The average cash balance forward, (BF_1 + BF)/2. 
The proceeds from bonds assessed in the year assum-

ing a uniform drawdown, B/2. 
The payments to sinking funds for old debt service, 

debt service payments on bonds issued during the analysis 
period, and initial debt service payments on bonds issued 

within the year (sF 	F 2i Bi, and (F1 + F2 ) Bi). 

The last assumption is the least likely to cause a sig-
nificant problem. Interest payments on bonds are assumed 
to be paid every six months throughout the life of the 
bond issue. 

If these four assumptions coincide with the limitations 
or constraints that face the user, SCRAM is an ideal tool 
for determining optimal levels of bond financing. How-
ever, if these assumptions do not coincide with the con-
ditions that face the user, SCRAM can still be a valuable 
asset in analyzing the implications of alternative future 
financial conditions or bond program characteristics. In 
such cases, the fact that the model may incorporate 
different assumptions is of somewhat less consequence when 
analyzing the impacts of gross changes in revenues or 
expenditures, as opposed to forecasting the actual value 
of bonds that should be issued. The assumptions incorpo-
rated in the model reflect important considerations that 
must be addressed in analyzing debt finance, although they 
may not be represented adequately for all purposes: 

The sinking fund requirements establish, in some 
respects, reserves to meet future debt service payments. 

The coverage requirements constrain future debt 
service payments based on the ability to make such 
payments. 

Interest payments must be paid although the schedule 
may be different. 

Investment income may not accrue from the same 
sources, but it is likely that investment income accrues in a 
somewhat similar fashion. 

The major advantage of SCRAM is that it is not a heavily 
labor-intensive tool to use in analyzing bond program 
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options. This is not to say that analyzing debt finance is not 
a heavily labor-intensive effort nor a simple task at all, 
either with or without using SCRAM. But rather, in 
analyzing bond program options, the incremental costs 
associated with using SCRAM are relatively low. All of the 
initial data that must be supplied to the model is informa-
tion that must be developed by the states for other pur-
poses. In short, SCRAM has no significant data require-
ments in addition to data that would otherwise be 
developed. 

A significant, although largely inconsequential, draw-
back of the SCRAM program is that it requires a fairly 
large amount of memory to execute (342K bytes). In all 
likelihood, this would not impose a significant problem, but 
may, in some cases, force the user to use a computer other 
than his first choice. 

GUIDELINES FOR ASSEMBLING INPUT DATA 

The assembly of input data for SCRAM is a relatively 
easy task because all of the important data can be drawn 
from sources that the user should have available if debt 
finance is seriously contemplated. For example, the fol-
lowing data should be readily available to the user: 

Forecasts of revenues, federal aid, capital and oper-
ating expenditures, and rates of return on investments. 

Postulation of bond principal maturity distributions, 
bond interest rates, and coverage of debt service. 

Existing debt service and sinking fund payments. 

In addition to the foregoing data, other information must 
be provided, as follows: 

Minimum cash balances brought forward for each 
year. 

Growth rate of net revenues after the end of the 
analysis period. 

The annual change in revenues or capital or operating 
expenditures. (This variable is input to SCRAM only in 
the appropriate optimization mode.) 

The basic constraint in developing each of these inputs 
is that it be reasonable from the viewpoint of the user. 
The assumed growth rate for revenues or expenditures 
should reflect either past trends or predicted future changes. 

The annual change in revenue requirements or expendi-
tures requires a judgment as to the amount of change that 
is reasonable or acceptable to the user. The purpose of this 
factor is to constrain the minimization or maximization 
operations of the model such that revenue requirements 
or expenditures remain relatively consistent for all years 
over the analysis period. 

PROGRAM INSTALLATION AND USE REQUIREMENTS 

SCRAM has been coded as a FORTRAN program of 
approximately 1300 cards. The program is structured as a 
main program and 13 subroutines. A load module created 
for an IBM SYSTEM 360 Model 145 requires 342K bytes 
of storage for execution, and requires no peripheral devices 
other than a card reader and a line printer. Although 
SCRAM is a relatively simple program, the large memory  

requirement is attributable to several large matrices that 
are required for the solution of the linear programs. 

The computer requirements and costs are summarized in 
Table B-3. As can be seen, the major costs of executing the 
SCRAM program lie in compiling. Consequently, the costs 
of using SCRAM can be kept low by compiling, link-
editing, and storing the program on a disk file; and, sub-
sequently, executing the program from the disk. In such 
cases, it would cost less than $1.00 per run as opposed to 
about $13.00 to $14.00 per run based on executions such as 
the one described later in the manual among the operating 
instructions. Installing SCRAM on a computer system and 
using it to forecast bond sales would require only a small 
commitment of staff. In order to install SCRAM, a pro-
grammer would need at most a few hours to compile and 
place the program on a disk. Assembling the necessary 
input data from existing sources would require a research 
assistant for a couple of days. Keypunching the data for a 
relatively small job would necessitate only a few hours. In 
total, the time needed to install and use the SCRAM pro-
gram amounts to about 3 to 4 person-days—largely from 
nonprofessional level staff. 

Subsequent use of the program would also require a 
very small amount of time—only the few hours needed to 
keypunch data. 

The SCRAM program can be obtained in source lan-
guage on cards or tape from the Transportation Research 
Board. 

OPERATING INSTRUCTIONS 

The SCRAM program, as currently coded, reflects the 
following limits: 

Number of years in the analysis period 75; 
Number of revenue categories :~25; 
Number of federal-aid categories :f~-25; 

TABLE B-3 

SCRAM COMPUTER REQUIREMENTS AND COSTS 

COMPILE LINK EDIT EXECUTE 

CORE REQUIREMENTS 112K BYTES 140K BYTES 342K BYTES 

CPU Seconds 90 5 3.5 

(at $4.50/hr,) ($11.25) ($.63) ($.44) 

Cards Read 1310 - 80 

(at $.20/K)l" ($ 	0.26) ($.02) 

LinesPrinted 2250 200 360 

(at $.20/K)1' ($ 	0.45) ($.04) ($.07) 

TOTAL COST $11.96 $.67 $.53 

Based upon the field tests conducted by project staff 

using an IBM SYSTEM 370 Model 145 with the associated unit 

costs. 

Compiled using a standard IBM FORTRAN (G1( compiler. 
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Number of operating expenditure categories :!~ 25; 
Number of capital expenditure categories :~, 25; 
Number of existing debt cards :~ 125; and 
Maximum bond life in years :!~ 50. 

A diagram depicting the flow of information to and from 
the SCRAM program is shown in Figure B-3. 

Input 

The data deck format requirements for the SCRAM 
program are relatively simple, although somewhat exten-
sive. The data for the program are contained on the 
following types of data cards. 

The first four characters of each data card must contain 
an identifying code. All cards must appear in the sequence 
described in this manual. Decimal points should not be 
inserted and all nonalphabetic characters should be right 
justified. 

Parameter Card 

This card identifies the type of run desired.  

Card Column Content 

1-4 "PARM" 
10 Bond estimate 

Constrained revenue minimization 
Constrained operating expenditure 
maximization 

20 Current coverage constraint 
Future coverage constraint 

11 	Both 
21-30 Growth rate of net revenues after planning 

period in tenths of a percent 
40 "1" Enforce future coverage only after 

planning period 
"Enforce future coverage for all years 

Comment Card 

This card provides title information. 

Card Column Content 

1-4 "COMT" 
11-50 Left second line page heading 

IPUTS 

REVENUES* 

CAPITAL EXPENDITURES* 

OPERATING EXPENDITURES* 

FEDERAL AID 

INVESTMENT INCOME 
INTEREST RATES 

BOND MATURITY 
DISTRIBUTION SCHEDULE 

BOND INTEREST RATES 

OLD DEBT SERVICE 
PAYMENTS 

OLD SINKING FUND 
PAYMENTS 

MINIMUM CASH BALANCE 
BROUGHT FORWARD 

NET REVENUES (FOR THE 
YEAR PRECEDING THE 
START OF THE ANALYSIS 
PERIOD) 

COVERAGE FACTOR 

SCRAM 	 OUTPUTS 

I BOND 	
REVENUES* 

ESTIMATION 	I 	CAPITAL EXPENDITURES* 

I 	 OPERATING EXPENDITURES* 

I 	 I 
REVENUE BOND SALES I 

4 	

[_MINIMIZATION I 

4 

FUTURE DEBT SERVICE 
PAYMENTS 

NEW SINKING FUND 

I 	
PAYMENTS 

CAPITAL  

I 	EXPEND ITURj , 	CURRENT COVERAGE OF 
MAXIMIZATION 	 DEBT SERVICE 

I 	
- 	 I 

FUTURE COVERAGE OF I 	 I 	DEBT SERVICE 

I 	OPERATING I I 	INVESTMENT INCOME 

I i EXPENDITURE I 
i 

MAXIMIZATION 

L _ ----- 

* In the appropriate optimization modes (Revenue Minimization, Capital 

Expenditure Maximization, and Operating Expenditure Maximization), Reve—

nues, Capital Expenditures, or operating Expenditures are not input to 

SCRAM, but rather, they are calculated by the model. Similarly, the 

Coverage Factor is not input in the Bond Estimation Mode, but rather, 

it is calculated by the model. 

Figure B-3. Flow diagram for SCRAM. 
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Date Card 

This card provides title information. 

Card Column Content 

1-4 	"DATE" 
11-50 	Left third line page heading 

Number of Years Card 

This card provides the initial year and number of years 
in the planning period. 

Card Column Content 

1-4 	"YEAR" 
7-10 	Initial year 

19-20 	Number of years 

Revenue Cards 

These cards provide projections for up to 25 categories 
of revenue, which are subsequently aggregated to a total by 
the model. Revenues in individual years may be explicitly 
coded on as many cards as are required, or a base value 
may be used with an assumed average annual growth rate 
on one card. These cards should not be included when 
operating in mode 2, revenue minimization. 

Card Column 	Content 

1-4 "REVN" 
5-6 Card number 
7-24 Title 

25 "1" All years given 
Base year only 

26-30 Growth percentage in tenths of a per- 
cent (if needed) 

31 + 10 (i - 1) to Revenue in year i 
30 + lOi 

Up to 10 cards may be used to provide the naximum of 
50 years of revenue. 

End of File Card 

This card signifies the end of the revenue cards. This 
card would not be included when operating in mode 2, 
revenue minimization. 

Card Column 	Content 

1-3 	 "END" 

Federal-Aid Cards 

These cards provide projections for up to 25 categories 
of federal aid, which are subsequently aggregated to a total. 
Federal aid in individual years may be explicitly coded on 
as many cards as are required, or a base value may be 
coded with an assumed average annual growth rate on one 
card. 

Card Column 	Content 

1-4 "FEDA" 
5-6 Card number 
7-24 Title 

25 "1" All years given 
"Base year only 

26-30 Growth percentage in tenths of a per- 
cent (if needed) 

31 + 10 (i - 1) to Federal aid in year i 
30 + lOi 

Up to 10 cards may be used to provide the maximum of 
50 years of federal aid. 

End of File Card 

This card signifies the end of the federal-aid cards. 

Card Column 	Content 

1-3 	 "END" 

Operating Expenditure Cards 

These cards provide for 25 categories of operating 
expenditure projections that are aggregated to a total. 
Operating expenditures in individual years may be explicitly 
coded on as many cards as are required, or a base value 
may be coded with an assumed average annual growth 
rate on one card. These cards should not be included when 
operating in mode 3, operating expenditure maximization. 

Card Column Content 

1-4 "OPRX" 
5-6 Card number 
7-24 Title 

25 "1" All years given 
"Base year only 

26-30 Growth percentage in tenths of a per- 
cent (if needed) 

31 + 10 (i - 1) to Operating expenditures in year i 
30 + lOi 

Up to 10 cards may be used to provide the maximum 
of 50 years of operating expenditures. 

End of File Card 

This card signifies the end of the operating expenditure 
cards. This card would not be included when operating 
in mode 3, operating expenditure maximization. 

Card Column 	Content 

1-3 

Capital Expenditure Cards 

These cards provide projections for up to 25 categories 
of capital expenditures, which are subsequently aggregated 
to a total. Capital expenditures in individual years may be 
explicitly coded, or they may be specified using a base 
value and a growth rate. These cards should not be 
included when operating in mode 4, capital expenditure 
maximization. 

Card Column Content 

1-4 "CAPX" 
5-6 Card number 
7-24 Title 

25 "1" All years given 
"Base year only 

26-30 Growth percentage in tenths of a per- 
cent (if needed) 

31 + 10 (i - 1) to Capital expenditures in year i 
30 + lOi 

Up to 10 data cards may be used to provide the maxi-
mum of 50 years of capital expenditures. 
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End of File Card 

This card signifies the end of the capital expenditure 
cards. This card would not be included when operating in 
mode 4, capital expenditure maximization. 

Card Column 	Content 

1-. 

Existing Debt Cards 

These cards provide debt service and principal payment 
requirements for existing bonds. 

Card Column 	Content 

1-4 	 "DEBT" 
7-9 	 Year number 

31-40 	Debt service payment 
4 1-50 	 Principal payment 

As many cards as necessary (up to 125) may be used. 
These cards must be sequenced properly without skips. 

End of File Card 

This card signifies the end of the existing debt cards. 

Card Column 	Content 

1-3 	 "END" 

lntare,vt Rates Cards 

These cards provide the new bond interest rates. 

Card Column 	Content 

1-4 	 "INTR" 
5-6 	 Card number 

31 + 10 (i — i) to Interest rate in tenths of one percent 
30+lOi 

Up to 10 data cards may be used to provide the maxi-
mum of 50 years of bond issues. 

Bond Maturity Distribution Card Sets 

These cards provide the percentage of principal paid for 
each year of each issue. 

Card Column 	Content 

1-4 	 "MATD" 
5-6 	 Card set number 
7-9 	 Year number i 

31 + 10 (i - 1) to Maturity percentage in tenths of one 
30 + lOi 	percent for bond issue in year i 

If the cards set number field is left blank, the program 
will read only the first set of maturity distribution and use 
it for all years. 

End of File Card 

This card signifies the end of the maturity distribution 
cards. 

Card Column 	Content 

1-3 	 "END" 

Balance Forward Floor Cards 

These cards provide an initial cash balance and lower 
limits on the cash balance from each year. 

Card Column 	Content 

1-4 	 "BALF" 
5-6 	 Card number 

2 1-30 	Initial cash balance 
31 + 10 (1— 1) to Minimum balance from year i 

30 + lOi 

Up to 15 data cards may be used to provide the maxi-
mum of 75 years of balance forward data. 

Rates of Return Cards 

These cards provide the rates of return for calculating 
investment income. 

Card Column 	Content 

1-4 	 "RATE" 
5-6 	 Card number 

31 + 10 (i - 1) to Rate of return in year i 
30 + lOi 

Up to 15 data cards may be used to provide the maxi-
mum of 75 years of data. 

Sinking Fund Cards 

These cards provide the existing sinking fund require-
ments at the start of the analysis period for each year in 
the period. 

Card Column 	Content 

1-4 	 "SINK" 
5-6 	 Card number 

31 + 10 (i - l)'to Existing sinking fund requirements in 
30 + lOi 	year i 

Prior Years Net Available Revenues Card 

This card provides the net revenues available for current 
debt coverage in the last year before the analysis period. 

Card Column 	Content 

1-4 	 "NETA" 
3 1-40 	Prior year's net available revenues 

Coverage Factor Card 

This card provides the coverage ratio to be used in an 
optimization mode run. This card would not be included 
when operating in mode I, bond estimation. 

Card Column 	Content 

1-4 	 "COVR" 
3 0-40 	Coverage factor in tenths 

Yearly Revenues, Operating or Capital Expenditure 
Change Cards 

These cards provide an additive factor that relates the 
unknown revenue, or operating or capital expenditures, to 
the previous year in the appropriate mode of operation. 
These cards would not be included when operating in 
mode 1, bond estimation. 

Card Column 	Content 

1-4 	 "CHNG" 
5-6 	 Card number 

31 + 10 (i - 1) to Additive change for year i 
31 + lOi 	(such that iz 1) 
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Up to 15 cards may be used to provide the maximum 
of 75 years of data. 

A sample data deck for a typical capital expenditure 
maximization (mode 4) is given in Table B-4 to further 
illustrate card formats and the composition of the data 
deck. In any of the other operating modes, as the preceding 
coding instructions indicate, the capital expenditure cards 
would be included in the deck, but they have been appro-
priately omitted from the sample deck in Table B-4. 

Output 

The sample input data deck previously cited in the input 
data coding instructions was used to generate the output 
from the SCRAM program (see Tables B-S through B-9). 
This example is a sample execution in mode 4, capital 
expenditure maximization. 

The output from the SCRAM program is comprised of 
nine tables, described as follows. 

Revenues 

Table B-5 simply lists the revenues by category that 
the user has assumed for each year in the analysis period. 
For those categories where only an initial year value and 
an average annual growth rate were specified, the values 
for each future year are calculated and listed in the table 
with the average annual growth rates. If the value for each 
year has been explicitly specified for a particular category, 
no average annual growth rate will be printed. 

This table is not printed when operating in mode 2, 
revenue minimization, since no revenue data are input in 
this mode. 

Federal Aid 

The format and purpose of Table B-6 is identical to that 
of the revenues table. The values for each category of 
federal aid assumed by the user are listed. This table is 
printed in all modes of operation. 

Operating Expenditures 

The format and purpose of Table B-7 is also identical 
to that of the revenues table: to clearly specify the assump-
tions of the users regarding operating expenditures by 
category. This table would not be printed in mode 3, 
operating expenditure maximization. 

Capital Expenditures 

Again, as with the revenues table, the user's assumptions 
are specified. Similarly, the table is not printed in mode 2 
(as in this example), capital expenditure maximization. 

Source and Disposition of Funds 

Table B-8 represents the balance sheet for each year in 
the analysis period. It defines the sources of funds that are 
available at the start of each year: 

Balance brought forward from the previous year. 
Revenues (when operating in each of the optimiza- 

tion modes, the solution of the linear program is contained 
in this table; in the accompanying example, the linear pro-
gram is solved for capital expenditures). 

Federal aid. 
Bond proceeds. 
Investment income (as defined by Eq. B-2). 

The table also lists the disposition of funds to each of 
the following categories: 

Operating expenditures (see parenthetic note in pre-
ceding item 2). 

Capital expenditures (see parenthetic note in pre-
ceding item 2). 

Old sinking fund payments. 
New sinking fund payments. 

The balance brought forward to the next year also is 
listed, as is the investment income rate of return. 

New Debt Service 

The principal and interest payments, as well as the 
maturity distributions and interest rates for all bonds 
issued during the analysis period, are given in Table B-9, 
for all years through the end of the longest bond issue. 

The mean life of each bond issue is calculated and 
illustrated at the bottom of the table. The mean bond life 
is defined by the following expression for bond issue j: 

Mean Bond Life = 	* k 	(B-7) 

and measures the average duration during which principal 
is outstanding on a bond issue. 

Current Coverage 

Table B-10 lists debt service payments for each issue 
in each year of the analysis period, including debt service 
payments that fall due on the bonds that were issued prior 
to the start of the analysis period. The maximum total debt 
service payment in any future year is listed at the bottom 
of the table for each year in the analysis period. The net 
revenues from the previous year (/j_1 + 1j,  + O) are 
also shown with the resulting net coverage for each year 
in the analysis period. 

Future Coverage 

For each year in the analysis period through the end of 
the longest bond issue, Table B-il lists the following data: 

Net revenues (by components); 
The old and new debt service payments; and 
The net coverage. 

The growth rate of net revenues that the user has selected 
is printed at the bottom of the table. 

Bonds Outstanding 

Table B-12 summarizes outstanding debt and changes in 
indebtedness over the course of the analysis period. For 
each year in the analysis period, the following data are 
listed: 
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TABLE B-4 

SAMPLE CAPITAL EXPENDITURE MAXIMIZATION DATA DECK 

PARM 4 0 
CUMT SAt4PLt 	CAP tA 'qAI 
04 TE 
YEAR 1976 	 5 
PEVN IROAD FUND 50 297245 
UEVN 1ENERAL FUND 65 6349 

REVN IAGENCY RECEIPTS 65 1257 
PEVN IKENTUCKY TURNPIKE 60 16000 
UlVN ITUUNPIKE AUTHORITY 60 3853 
PEVN ILOCAL FUNDS 55 1328 
END 
FEDA 1HI6HWAYS 50 119119 

FEDA lAy 1411DM 65 4084 
FIfOA ITRANS.IT 100 400 

FF04 IWATER 65 154 
FF04 IRAIL 80 25 
FEDA 1(/A AND SUPPORT 65 1715 
END 
OPRX INWY MAINTENANCE *00 71567 
OPRX IHWY MISC 50 11578 

IIPRX lAIR (IPER AND REG 50 1008 
OPUX IWAIEI4 REG 50 944 

UPRX ITRANSIT 100 603 
OPRX tRAIL REG 0 98 

OPRX 16/A 65 25067 
END 
DEBT 1 72563 53750 

DEBT 2 72563 53750 
OCOT 3 72563 53150 
DEBT 4 72563 53750 
DEBT 5 72563 53150 
OEOI 6 72563 53750 
0E3T 7 72563 53750 
DEBT 8 12563 53750 
DEBT 9 72563 53750 
DEUT 10 72563 53750 
DEBT It 72563 53750 
DEBT 12 72563 53750 
DEBT 13 72563 53750 
DEBT 14 72563 53750 
DEBT 15 72563 53750 
DEBT 16 71700 53100 
DEBT 17 70900 52500 
DEBT 18 70100 51900 
OCt3T 19 69200 51300 
DEBT 20 68400 50700 
DEBT 21 54500 40400 
DEBT 22 54500 40400 
END 
INIR I 61 6* 61 61 6* 
MATO 1 
MATh) 2 1 
MAT') 3 19 
MATO 4 29 
MATh) 5 38 
MAIl) (, 413 
NATO 7 58 
M.A TO 8 67 
NATO 9 77 

MAIL) 10 86 
MAID 11 96 
MATL) 12 106 
MATh) 13 1*5 
MATh) 14 125 
MAID 15 135 
END 
UALF I 241 100 100 100 100 100 
RATE 1 70 70 70 70 70 
SIN)( 1 72563 72563 72563 72563 72563 
NETI\ 155000 
COVR 15 
CHNG 1 5000 5000 5000 5000 
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TABLE B-5 

SAMPLE OUTPUT-REV EN U ES 

GROWTH % 1976 1977 1978 1979 1980 TOTAL 

ROAD FUND 5.0 297245. 312107. 326969. 341832. 356694. 1634847. 

GENERAL FUND 6.5 6349. 6762. 7174. 7587. 8000. 35872. 

AGENCY RECEIPTS 6.5 1257. 1339. 1420. 1502. 1584. 7102. 

KENTUCKY TURNPIKE 6.0 16000. 16960. 17920. 18880. 19840. 89600. 

TURNPIKE AUTHORITY 6.0 3853. 4084. 4315. 4547. 4778. 21577. 

LOCAL FUNDS 8.5 1328. 1441. 1554. 1667. 1780. 7769. 

TOTAL 326032. 342693. 359353. 376014. 392675. 1796767. 

TABLE B-6 

SAMPLE OUTPUT-FEDERAL AID 

GROWTH % 1976 1977 1978 1979 1980 TOTAL 

HIGHWAYS 5.0 119119. 125075. 131031. 136987. 142943. 655154. 

AVIATION 6.5 4084. 4349. 4615. 4880. 5146. 23075. 

TRANSIT 10.0 400. 440. 480. 520. 560. 2400. 

WATER 6.5 154. 164. 174. 184. 194. 870. 

RAIL 8:0 25. 27. 29. 31. 33. 145. 

G/A AND SUPPORT 6.5 1715. 1826. 1938. 2049. 2161. 9690. 

TOTAL 125497. 131882. 138267. 144652. 151037. 691334. 

TABLE B-7 

SAMPLE OUTPUT-OPERATING EXPENDITURES 

GROWTH % 1976 1977 1978 1979 1980 TOTAL 

HWY MAINTENANCE 10.0 71567. 78724. 85880. 93037. 100194. 429402. 

HWY MISC 5.0 71578. 75157. 78736. 82315. 1 	85894. 393679. 

AIR OPER AND REG 5.0 1008. 1058. 1109. 1159. 1210. 5544. 

WATER REG 5.0 944. 991. 1038. 1086. 1133. 5192. 

TRANSIT 10.0 603. 663. 724. 784. 844. 3618. 

RAIL REG 0.0 98. 98. 98. 98. 98. 490. 

G/A 6.5 28067. 29891. 31716. 33540. 35364. 158579. 

TOTAL 173865. 186583. 199301. 212019. 224736. 996504. 

The value of bonds issued; 
The principal retired from bonds issued prior to the 
start of the analysis period; 
The principal retired from bonds issued during the 
analysis period; and 
The principal still outstanding. 

APPLICATION IN KENTUCKY 

SCRAM was used in the field test to assess the implica-
tions of alternative assumptions on debt finance. The data 
used in each of the examples are identical to that used in 
the sample capital expenditure maximization (see Tables 
B-5 through B-12) with some minor exceptions. 

The results from the first set of alternative forecasts 
are shown in Figure B-4. The differences among the input 
data decks used to produce each of the examples are 
limited to. the assumed growth rates of revenues. The first 
example, labeled the "Base Case," is virtually identical to 
the example cited in Tables B-S through B-12. The base 
case assumes that the largest component of revenues, pay-
ments from the state road fund, will grow at 5 percent per 
year. The second and third examples differ only in that 
payments from the road fund grow at 4 percent and 6 
percent per year, respectively. The total revenues shown 
in Figure B-4 reflect these differences. The bond proceeds 
and capital expenditure ceilings for each of the cases are 
also shown in Figure B-4. 
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SAMPLE OUTPUT—SOURCE AND DISPOSITION OF FUNDS 

1976 
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TABLE B-9 

SAMPLE OUTPUT-NEW DEBT SERVICE 

1976 SFRIES 1977 	.SFTRIES 197R 	SERIIS 1979 SERIES 190 SERIES 

T.I 

1978 J.1 	66. 	4038. 0.0 0. 3953. .0 .0. .1960. .0., 	. . .0.0.0....... 0. 	. 0. 
1979 I.' 	1258. 	3998. 0.1 65. 3951. 0.0 0. 3919. .0 • 1958. 0.0 0. 0. 

: 	3; *M '- 
1982 . 	4.9 	3179. 	3592. 3.8 . 	2462. 3634. . 	2.9 ... 	 ... 3784.. . 	. 	. 122 	..... .p.i. ...6.... 3937. 
1983 . 	3842. 	3378. 4.8 3110. 3514. 3.8 ?Q41. 3653. .9 1862 3,81. i.9 1221. 3897. 

FkS 
196 .6 	5696. 	2505..., 7.7 4990. .. 	2713. 	... 6.1... 4305.*r 3032. 	...... .8.... 372 	• ... 3274. .3501. 
1587 9.6 	6359, 	2137. 8*6 5573. 2451. 7.7 4941. 2749. 6.7 430 	• 3029. .8 3745. 3.93. 

: , 	, 
1990 . 	1295 	8279. 	798. 11.5 7452. . 	1.255.......... 10.6 6.810.......... 1677. 	....... .6. . 	616 	. 	...... 2072 	........ 8.6. ... ...5553.. .2442. 

284. 1991 	. 	13.5 	p942. 	273. 12. 8100. 7816 	11.5 7389. 1244. 1066 	6805. 1676 9.6 6199 

1994 0*0 	 0. 	. 0. 0. 0. 	... 0.0 ........ 
. 

-..........0.................... 0. ..1 	. 	......... 8.666....... 264 ........... 778... 
266. 1995 0. 	0. 	U. .. 0. . 	0. 0. 0.0 0. 0. .0 1. 0. i. o 8,17.. 

T0TL 100.0 	66235. 	43418. 100.0 64799. 42476. 100..0........ 64.24.9.. 42116,,.,,i00.0 6419......... 42,0.8.9....,._1O,0.Q...6.45.68. 42325.. 

MEAJLIFE (YEARS) .............10.7. 
, 

. . 	. 	. 	10.1............................... ... 10.,7........................................ ..... ......1O..J................ .. .................... 
- 

.. 10.7 

TABLE B-b 

SAMPLE OUTPUT-CURRENT COVERAGE 
1976 ' 	1977 1918 1979 	 1980 

......... JRICS........... 
OEP4- €R --9€T 

.7.6 
1978 72563. 4105. 76668. 	3953. 0620. 1360. 82580. 0. 	0. 	 0. 	U. 
1979 72563. 5256. 77819. 	4016. 81835. 3919. 85154. 1958. 	87712. 	 0. 	0. 

.j:: •- 
1982 72563. 6171. 79334. 	146. 85483. 5641. 91128. 509. 	96222. 	4001. 	100223. 
1983 72563. 7219. 79782. 	6624. 86407. 6094. 92501. 564 	• 	98143. 	5124. 	103267. 
194 
-198 5 ::i. 	. 
1986 72563. 6201. 80764. 	7762* 88527. 1336. 95863, 659 	• 	102863. 	66ul. 	139461. 
1987 72563. 8496. 81059, 	8023. 89382. 1697. 96779. 733... 	104109. 	7038. 	111147. 

1254, . 	834.3.,-. .9AC5,. J55.., _ 	-  
1990 72563. 9077. 81640, 	8707. 90341. 8488. 98835. 8234. 	107369. 	7995. 	11QiI4. 
1991 71700. 9214. 80914. 	88810 89795. 8633. 9428. 8481. 	166909. 	8282. 	115191. 

1994 69200. 0. 69200. 	 0. 69200. 0. ' 	69260. 8531. 	78131. 	8349. 	165b0. 
1995 68400. 0. 68400. 	 0. 68400. 0. 68400. 0. 	68400. 	8983. 	773133. 

PRIOR YEAR'S NET REVENUES 155000. 160001. 164167. 168448. 	 17276. 
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As the data and intuition indicate, as revenue declines, 
both the bond proceeds and the capital expenditure ceilings 
must decline also. Similarly, as revenues increase, the 
proceeds from bonds and the capital expenditure ceilings 
will also increase. 

As can be seen in Figure B-4, the modest differences in 
the assumed revenues result in more significant differences 
in the calculated bond proceeds among the three cases. 
In the "low revenue" case, bond proceeds must increase 
over time to supplant the difference in revenues. Con-
versely, in the "high revenue" case, the bond proceeds 
decline relative to the base case over time, since the growth 
in revenues can offset corresponding growth in expen-
ditures. 

The second set of projections are shown in Figure B-5 
and are estimates of revenue requirements for alternative 
assumptions regarding bond principal maturity distribution 
schedules. The first example shown in Figure B-5 uses 
data identical to that used earlier in the base case (CM) 
except that the assumed revenues were not input, but a 
forecast of capital expenditures was input. The second and 
third examples differ from the first only in the assumed 
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bond maturity distributions that are shown in Figure B-5. 	By using SCRAM to systematically analyze alternative 
As illustrated, the different assumptions regarding bond 	policies, as well as alternative assumptions of future eco- 
maturity distribution schedules have no significant impact 	nomic conditions in this manner, the user can readily 
on future revenue requirements or bond proceeds among 	develop data to aid decision-makers in formulating and 
the three cases. 	 analyzing bond programs. 
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BOND PROCEEDS 
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Base Case 	Base Case (CM) Base Case (CM) 
(CM) 	 Low Revenue 	High Revenue 

100 

76 	1 80 	'76 	'80 	'76 	'80 

400 
	 CAPITAL EXPENDITURES 	 400 

Base Case 	Base Case (CM) 	Base Case (CM) 
(CM) 	 Low Revenue 	High Revenue 

300 
	

300 

200 
	

200 

100 
	

100 

'76 	1 80 	'76 	1 80 	'76 	180 
* Base Case assumes that revenues grow at 5% per year; low and high 

revenue cases assume 4% and 6% per year growth rates respectively. 

Figure B-4. Alternative capital expenditure maximization (CM) programs for high, medium, and low 
revenue assumptions.* 



105 

ALTERNATIVE BOND MATURITY DISTRIBUTION SCHEDULES 
20 
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BOND PROCEEDS 

Base Case 	Base Case (RM) 	Base Case (RM) 
(RM) 	 with Serial 	with Straight 

Annuity Bonds 	Serial Bonds 

100 

'76 	180 	176 	180 	'76 	180 
Figure B-5. Alternative revenue minimization (RM) programs for various bond maturity distribution 
schedules. 

APPENDIX C 

GUIDE FOR THE PRIORITY PROGRAMMING SYSTEM 

INTRODUCTION 	 whether the PPS would be useful to them in addressing 

Purpose 	 planning and programming problems in their state. 
The PPS was developed by the Ontario Ministry of 

This report presents the Ontario Priority Programming 	Transportation and Communications (MTC) to aid in' the 
System (PPS) to potential users so that they can decide 	systematic assessment of transportation improvement 
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priorities. The methodology is intended "to bridge the gap" 
between long-range planning and project implementation, 
so that improvements will be implemented in such a way 
that over-all benefits to the public are maximized. 

The PPS deals with transportation improvements and, in 
its present form, is useful primarily for considering high-
way improvements in the states. However, as an example 
of analytical procedure and decision-making philosophy, 
the PPS will be more broadly useful to state decision-
makers. The concepts underlying the PPS may be extended 
to multimodal applications. 

The PPS performs a number of functions: 

Given estimates of traffic characteristics and physical 
conditions before and after a proposed improvement is 
implemented, the PPS will project (future) time streams of 
user benefits of,  the improvement as a function of when 
implementation occurs. 

Given estimates of the cost of implementation, the 
PPS will estimate the ratio of user benefits to project costs, 
in terms of constant dollars, as a function of when imple-
mentation occurs. 

Given estimates of annual budgets, the PPS will 
recommend the timing of implementation for each one of 
a set of proposed alternatives so that total user benefits 
are maximized. Constraints on interrelationships of proj-
ects, distribution of funds among program or geographic 
area, and time required for implementation may be 
incorporated in this optimization. 

For each of these analytical functions, the PPS will 
provide a variety of tabular and graphical reports that may 
be used as aids in decision-making. 

The PPS is able to deal with a 20-year planning horizon, 
and is used by the Ontario MTC to manage a highway 
investment portfolio of approximately 250 projects. The 
PPS has the capacity to deal with a larger number of im-
provements and can provide information on the conse-
quences of changes in project timing, costs, and value 
assumptions (for example, the dollar value to be associated 
with each hour of travel time saved). 

Background 

In Phase I of NCHRP Project 8-18, interviews were con-
ducted with transportation planning officials in 13 states in 
order to identify the key issues in statewide transportation 
planning and programming and the information needed 
to address these issues. Many of the interviews disclosed 
needs for the following: 

Information on the consequences of changes in the 
amount of funds available for maintaining and im-
proving transportation facilities; 
A framework within which information on individual 
transportation improvement projects could be assem-
bled and used as the basis for programming and 
scheduling; and 
Information on the effects of reducing the standards 
to which facilities are constructed or improved. 

These information needs were identified as particularly 
important in states where available revenues have declined 

or increased at a rate much below rapidly escalating 
construction costs. 

It was decided that Phase II should include a field test 
of a priority programming methodology capable of re-
sponding to these information needs. Maryland was chosen 
as the site for the test application. 

The program methodologies that were intensively evalu-
ated for application to the State of Maryland included the 
(1) Priority Programming System (PPS) developed for 
the Ministry of Transportation and Communications for 
the Province of Ontario, (2) the Highway Investment 
Analysis Package (HIAP) developed for the Federal High-
way Administration, (3) the Objective Priority Program-
ming Procedure (PRIPRO) developed for the FHWA, and 
(4) the Transportation Resource Allocation Models 
(TRANS) developed for the North Carolina Department 
of Administration. Other programming techniques were 
considered but eliminated through a screening process. 
Criteria were formulated to assist in the evaluation and 
included: data needs, theoretical validity, demonstrated 
use, multiyear constraint capability, sensitivity to data 
assumptions, and ease of understanding. Based on the 
evaluation and Maryland's needs, the PPS was selected by 
MDOT as a tool for prioritizing a test case of statewide 
highway projects. 

The PPS is now installed at the MDOT computer facility. 
It is fully operational and is being run by MDOT personnel. 
A test case of Th of the largest primary state highway 
projects was selected for prioritization using the PPS. The 
projects, which total $1.16 billion, were scheduled and 
prioritized with respect to budget constraints totaling $0.8 
billion. In addition, project rankings were made consider-
ing factors such as: ( 1 ) operating cost savings, (2) travel 
time savings, (3) accident savings, and (4) total user cost 
savings. 

It should be noted that this report is a guide of the PPS 
to potential users and not a procedural manual. In under-
taking the research, it was found that development of a new 
user manual required resources beyond the scope of this 
study. 

The existing documentation of the PPS was developed 
by the Ontario Ministry of Transportation and Communica-
tions staff in parallel with the software. The documentation 
is not oriented toward uninitiated users and was found (by 
the Maryland DOT staff) to be somewhat difficult to use. 
Maryland DOT's experience with the PPS indicates that 
an initial training seminar, in which people familiar with 
the PPS can introduce new users to the system, is extremely 
valuable, if not essential, to effective implementation. More 
detailed information regarding the PPS software limitations 
is included under "System Installation and Resource 
Requirements." 

Organization of the Guide 

This guide first presents an overview of PPS operation, 
followed by a discussion of its basic capabilities and limita-
tions. The development and coding of input data for the 
test application of PPS in Maryland are described, and the 
results of the Maryland test are presented. This is followed 
by a discussion of the various ways in which PPS can be 
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used in statewide transportation decision-making. This 
guide also discusses the evaluation of alternative priority 
programming methodologies for application in Maryland. 
Another section outlines the information flow and the 
operation of each program in the PPS. References are 
provided to direct the reader to where in the existing 
documentation more information on particular aspects of 
the PPS can be found. Concluding sections of the guide 
present the Maryland test case input data and a listing of 
reference documents. 

THE PRIORITY PROGRAMMING SYSTEM 

General 

The purpose of this section is to familiarize the reader 
with the basic capabilities and limitations of the PPS. To 
simplify the explanation, the PPS is described as consisting 
of four functional components: 

User benefit package—Calculates the dollar value 
of user benefits attributable to changes in vehicle costs, 
accident costs, and time savings for each highway improve-
ment alternative. 

Editl update package—Creates or updates the master 
improvement list (MIL), which describes the set of high-
way improvement alternatives to be analyzed. 

Inflatel discount package—Calculates the present 
value of all benefits and the time stream of costs (also in 
present value terms) for each possible start year of each 
highway improvement alternative. 

Linear programming package—Selects and schedules 
a set of highway improvements to maximize total benefits 
for a given set of budget constraints. 

Figure C-i shows the general information flows for 
each of these four packages. The basic capabilities and 
limitations of each of these packages are discussed in the 
following. A more detailed description of the information 
flows in the PPS is provided later under "An Annotation of 
the Priority Programming System." 

User Benefit Package 

The purpose of this package is to calculate the dollar 
value of user benefits attributable to changes in vehicle 
operating costs, accident costs, and time savings for each 
highway improvement alternative. 

A highway improvement is defined for the user benefit 
package in terms of two sets of highway link data—one 
set defining "without improvement" conditions and the 
other set defining "with improvement" conditions. The 
package calculates highway user costs for each set of con-
ditions. Highway user benefits for the improvement are 
then calculated as the difference between highway users 
cost for the without-improvement and with-improvement 
conditions. 

The inputs to the user benefit package include: 

Unit prices to be used in calculating the dollar value 
of road user costs. 

Physical specification of existing and improved high-
way links. 

INPUTS 	 SYSTEM COMPONENTS 	 PEPORTS 

Unit Prices for 
Estimating Benefits 

Alternative Traffic 	 User Coat & Benefit Sum- 
Temporal 	 for each improve- 
Distributions 	 User 	 meet 

Benefit 
Physical Specification_.....V 	Package 	Detailed User Cost Sum- 
of Existing & Improved 	 mary for specified 
Links 	 I 	links 

AADT & Truck Per- ' 
centages for Existing 
and Improved Links 

Tape of User 
Benefit 

Calculations 

ROW, Construction 
& Maintenance Costs 

Additional Benefits  
Specified by PPS Users.s...,1 	Edit/Update 

Timing Constraints 	 Package 

Implementation 

Old Master Improve- 	
Master Improve- ment Lost 	

cent List 

Present Value of Bene- 
Inflatoon, Doscount 	 Inflate/Discount 	fits and Costs Associ- 
& Horozon Rates for 	 Package 	ated with Each Possible 
Benefits & Costs 	 Start year for Each 

Improvement 
Working Improve- 

	

nt Lost 	

Scheduled (Nonnr.hedel 
Improvement Program 

Annual Budget ______________ Linear Program- 	Budget/Benefit Plot 
Constraints 	 sung Package 	

Dual variables from 
LP Solution 

Figure C-I. PPS information flows. 

Future AADT and truck percentages for existing and 
improved links. 

The package includes data on the temporal distribution 
of travel based on traffic counts at 20 stations in Ontario. 
The PPS user can designate one of these 20 distributions 
as applicable to a link or can specify alternative temporal 
distributions for travel. 

The user benefit package includes the following analysis 
procedures: 

If link capacity is not input to the package, it is 
calculated from link geometry and truck percentages. 

Annual traffic on the link is divided into 10-volume 
intervals on the basis of AADT and the temporal dis-
tribution specified for the link. 

Operating speeds for each volume interval are esti-
mated on the basis of the volume-to-capacity ratio and 
average highway speed (with no congestion). 

Road user costs for each volume interval are esti-
mated based on speed, V/C ratio, and link specific input 
data using curves, tables, and equations from a number of 
road user cost studies. The curves, tables, and equations 
used are detailed in the Ontario MTC manual describing 
the user benefit package. 

Annual values for the various types of user costs on 
each link are calculated as weighted averages over the 10-
volume intervals. 
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User costs are summed over the set of links repre-
senting without-improvement conditions and over the set of 
links representing with-improvement conditions. 

User benefits attributable to the improvement are 
calculated as the difference between user costs with and 
without the improvement. 

The analysis procedures previously described can be 
carried out for a variety of highway types—ranging from 
two-lane gravel roads to multilane freeways. The user 
cost estimates are of sufficient detail and quality to warrant 
their use in project planning studies as well as in statewide 
transportation programming. 

A major limitation on the use of the package is that it 
does not have the capability to predict traffic diversion to 
new or improved highways. This information, which can 
be developed from network simulations or from manual 
application of diversion curves, must be input to the 
package. Further, in order to accurately estimate the road 
benefits due to the diversion of traffic to a new or improved 
highway, it is necessary to input data on travel conditions 
for all those facilities from which the diversion occurs. 

Edit/Update Package 

The purpose of this package is to edit and update the 
master list of improvements to be prioritized using the 
PPS. The master list of improvements is a data file that 
contains the following information for each improvement 
to be analyzed: 

Costs for right-of-way, construction, maintenance, 
and salvage. 

Road user benefits for the "base year," the "horizon 
year," and up to three intermediate years (either from 
the output of the user benefit package or as specified by 
the PPS user). 

Other benefit measures as specified by the PPS user. 
Time requirements for preengineering activities, 

right-of-way acquisition, and construction. 
that cannot be implemented if this improvement is im-
plemented). 

Sequential dependency relationships (other improve-
ments that must be implemented prior to this improve-
ment). 

Facility life (the number of years of usefUl life for 
an improvement). 

The edit/update package allows specific improvements to 
be added or deleted from previous runs without requiring 
that all improvements be rerun through all stages of the 
PPS. However, the cost information that is input to the 
edit/update package must be stated in terms of' constant 
dollars discounted to a common base year. Thus, if the 
base year is changed from one application of the PPS to 
the next, it will be necessary to adjust costs. 

Inflate/Discount Package 

The purpose of the inflate/discount package is to pro-
vide the present value of user benefits and the time stream 
of cost (also in present value terms) associated with each  

possible start year for each improvement alternative, and to 
provide this information, along with timing information, 
in a format that can be read by the linear programming 
package. 

The inflate/discount package includes the following 
analysis procedures: 

Road user benefits for each year between the base 
year and the horizon year are estimated by interpolation. 

Road user benefits in each year after the horizon 
year are estimated by applying a compound annual growth 
rate (called the "horizon rate") to road user benefits in 
the horizon year. 

The present value of each road user benefit item 
for each year is determined using the specified inflation 
and discount rates. 

For each possible start year for an improvement, the 
year of opening is determined from the lead time and total 
construction time. The total present value of each user 
benefit item is determined by summing the annual benefits 
over the years in which the facility is open. 

The budget impact year for each cost item is deter-
mined for each possible start year using the timing informa-
tion for the improvement. The present value of the' 
budget impact in each year is then calculated using the 
specified inflation and discount rate. 

The benefit cost ratio for each improvement is cal-
culated for each possible start year. 

One limitation of the inflate/discount package is that 
it does not allow for different horizon rates to be applied 
to different highway improvements. Thus, the inflate/ 
discount package must assume that, in the period follow-
ing the horizon year, traffic on all facilities will increase 
at the same annual rate and that user benefits will increase 
in proportion to traffic. This will bias the selection process 
by overestimating benefits for improvements in areas where 
lower-than-average growth in traffic will occur and by 
underestimating benefits in areas where higher-than-average 
traffic growth will occur. However, even if the PPS is used 
to prioritize improvements in areas that have very different 
growth rates, this limitation will not significantly affect the 
optimum schedule, in the first few years following the 
base year, if the planning horizon is long (e.g., 15 to 20 
years) and the discount rate is high (8 to 10 percent). 

Linear Programming, Package 

The purpose of the linear programming package is to 
select and schedule the set of improvements that maximizes 
total benefits for a given set of budget constraints. 

The linear program maximizes the present value of total 
benefits subject to the following types of constraints: 

A budget constraint for each year from the base year 
to the horizon year. 

A set of constraints that ensures that the program 
will not select two mutually exclusive improvements (or 
the same improvement in two different years). 

A set of constraints that enforces the sequential 
dependency relationships defined by the PPS user so that 
staged improvements can be analyzed correctly. 
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4. A set of constraints that enforces funding minimums 
for a given region or program category. 

The measure of total benefits maximized by the program 
includes the present value of each of the following items: 

Road user benefits as derived from the output of 
the user benefit package or as specified by the PPS user as 
inputs to the edit/update package. 

Other benefits (such as social or environmental 
benefits) specified as inputs to the edit/update package. 

The reduction in maintenance cost over the life of 
the facility. 

The salvage value of the improvement. 

The linear programming package has a number of 
features that makes it particularly useful in providing 
information to guide the establishment of highway im-
provement programs and other transportation-related de-
cisions (various applications of the PPS are discussed in 
more detail later). 

First, estimates of benefits and costs used in selecting 
and scheduling improvements are sensitive to when the 
implementation of a highway improvement occurs. This 
feature is important in separating improvements that would 
be underutilized if implemented early in the planning 
horizon from those for which the need is more immediate. 
Also, this feature is useful in analyzing the desirability of 
issuing bonds to advance the implementation of highway 
improvements. 

Second, the linear programming package outputs include 
a plot showing how benefits increase with fixed percentage 
increases in budget constraints. This feature is particularly 
useful in analyzing the impacts on road users of increases 
or decreases in highway expenditure levels. 

Third, the package will accept and apply budget mini-
mums for different regions or program categories in 
scheduling highway improvements. Many states use such 
minimums to ensure that each region of the state gets a fair 
share of expenditures, or to take full advantage of federal-
aid programs. Further, by rerunning the PPS without the 
budget minimums, it is possible to estimate the amount of 
road user benefits foregone as a result of these minimums. 

Fourth, road user benefits for the scheduled improve-
ment program are disaggregated by type so that an approxi-
mate determination of the effect on total benefits of 
changing the unit prices used in cstimating road user 
benefits is possible. 

Fifth, it is possible to determine the effect of a small 
change in any budget constraint (either an upper limit on 
total expenditures or a budget minimum for a specific 
region or program in a given year) from the output pro-
vided by a single run of the PPS, through the dual 
variables from the optimum LP solution. 

One limitation of the linear programming package is 
that it requires the use of IBM's Mathematical Program-
ming System-Extended (MPSX). This is a proprietary 
software package, which is available from IBM as an 
optional addition to the System 370 library. However, even 
without the use of the linear programming package, the 
PPS still yields valuable information on the costs and 
benefits of highway improvements. Thus, acquiring MPSX  

should not be regarded as an absolute precondition for 
implementing the PPS. More details regarding the proprie-
tary software are included under "System Installation and 
Resource Requirements." 

Another problem is that the linear programming package 
requires that budget constraints be stated in terms of con-
stant dollars, discounted to the base year. If the amount 
of funds available in future years for highway construction 
is projected in terms of current (fiscal) dollars, the PPS 
user must manually apply inflation and discount rates to 
budget constraints. 

GUIDELINES FOR ASSEMBLING INPUT DATA 

The input data required for PPS are given in Table C-i. 
The data requirements are of two categories: (i) general 
data, and (2) project specific data. 

General Data 

The vehicle operating costs can be developed using two 
types of information: (i) a telephone survey of some 
service stations located in the state to determine unit 
prices for automobile gasoline, motor oil, tires, and 
mechanic's labor; and (2) application of inflation indices 
to published results on costs. Other economic factors, such 
as the inflation rate and the discount rate, depend on the 
economy. 'Ihese rates can be based on the economic 
forecasts. Also, sensitivity tests can be conducted using a 
range of rates. 

TABLE C-i 

PPS INFORMATION REQUIREMENTS 

INPUT VARIABLES 
GENERAL INFORMATION NEEDS 	AND PROJECT INFORMATION 

Vehicle Operating Costs Highway Adequacy Rating 

Fuel Control of Access 
Oil Land Width, Number of Lanes 
Tires Type 
Mechanic Labor Shoulder Width 
Vehicle Depreciation Passing Sight Distance 
Time (Percent) 
Accidents Length (Miles) 

Accidents/Million Vehicle 
Miles 

Traffic Inventory Grade 
Curvature 

Permanent Traffic Count Pavement Type 
Station Data apaoity (Volume/Hour) 

Average One-Way Flow 
Traffic Link Flow to 

Saturation Flow Needs Study 
Percent of Trucks [Base 

Year and Projected A.D.T. Base and Projected 
(Assumed Constant)] Years 

Planning Costs 
Engineering Costs 

Terrain R/W Costs 
Construction Costs 

Mountainous 
Rolling 
Level Additional 

Median Width 
tocupancy Rates Average Highway Speed 

5Nuinber of Intersections  
Urbum - 1.5 *Cycle Length in Seconds 
Suburban - 1.6 *Nulnber of Hours Parking 
Rural - 2.0 Allowed 

5Environmental Factor 
EconOc Maintenance Costs 

Inflation Rate 

Discount Rate 
Annual Budget 

*Only needed for Urban Projects 



A permanent traffic count station distribution is required 
for each route. It may not be feasible to develop a dis-
tribution for every route in the PPS. The approach would 
be to link similar routes to a traffic count station dis-
tribution. The vehicle occupancy rates for urban, sub-
urban, and rural areas may be developed based on recent 
surveys in the analysis area. 

Project Specific Data 

Most of the data can be obtained from the Highway 
Adequacy Rating file and the Highway Needs Study file, 
as shown in Table C-i. Additional project specific data are 
required, such as median width, average highway speed, 
number of intersections, number of hours parking allowed, 
which can be determined from field surveys. The main-
tenance cost data, if not available, may have to be estimated 
on the basis of current practices. 

SYSTEM INSTALLATION AND RESOURCE REQUIREMENTS 

System Installation 

The PPS is operational on an IBM System 360 or an IBM 
System 370 computer. The PPS consists of several pro-
gram packages. Each package consists of a main program 
and several supporting programs that aid in transmitting 
the outputs to other main programs. These secondary 
programs are standard utility programs and in some cases 
are special programs written in PLI language. The user 
benefit program is written in FORTRAN IV. The edit/ 
update and inflate/discount programs are written in PL1  

ianguage. The linear program is an IBM proprietary 
package called the MPSX. (The MPSX software is 
proprietary and can be obtained from IBM; the rental fee 
in June 1977 was $150 per month. Other linear pro-
gramming systems can be substituted for the IBM propri-
etary package MPSX. An interface program will be 
required to make the data from the inflate/discount 
package compatible with the linear programming system. 
For example, on the Maryland Department of Transporta-
tion's UNIVAC System, the MPSX can be replaced with a 
UNIVAC linear programming package that is non-
proprietary.) 

The following IBM software products will be required to 
implement the PPS: 

I. MPSX/OS program number 5734-XM4. 
2. OS/VS optimizing PL1 compiler, program number 

5734-PL1 or PL1/OS resident library program number 
5734-LM4 and PL1/OS transient library program number 
5734-LM5. 

The load modules, except MPSX (which can be obtained 
from IBM) are available from the Transportation Research 
Board. 

Resource Requirements 

The resources required for implementing the PPS in 
Maryland, for a test case of 26 projects, are presented in 
Table C-2. Resources are required for system installation, 
assembling of data, coding of input data, input preparation, 

TABLE C-2 

RESOURCE REQUIREMENTS FOR PPS 
COMPUTER 

PACKAGE SYSTEM INSTALLATION CODING INPUT TIME - CPU SECS. ANALYZE 
ASSEMBLE DATA TIME PREPARATION CORE BYTES OUTPUT COMMENTS 

Overall 10 person days to Used a -- Time 60 -- Training needed 
obtain and review precoded Core 160K for analyst and 
20 person days for package computer people 
training Need PL1 library 

and MPSX 

User Benefit 20 person days for 3 person 1 person Time 80 2 person Definition of 
Package 26 projects, 	15 days day Core 148K days problem, data 

person days to assembled, coded 
collect other data and punched. 

How to classify 
projects 

Edit/Update 4 person days 0.5 person 1 person Time 20 2 person Maintenance costs 
Inflate Dis- day day Core 160K days not available 
count Package from Needs Study. 

Make assumptions 
of inflation and 
discount rates 

Linear 2 person days -- -- Time 60- 15 person Budget constraints 
Programming to define LP 120 secs. days and definition of 
Package problem Core 160K objective function 

and project depen- 
dencies. 	High 
level skill 
required 



machine time, and analyzing the output. The type of skills 
required vary, depending on the task to be performed. A 
systems analyst/computer programmer is needed for pro-
gram installation and for making the computer runs. 
Planners and economists arc needed to assemble the input 
data and to analyze the outputs. Technicians and key-
punchers are needed for coding the input data and for 
keypunching. Some high level skill is required in preparing 
the linear programming problem. 

APPLICATION IN MARYLAND 

Three basic steps were undertaken to obtain and inter-
pret the results as follows: 

Development and coding of a test case of 26 state-
wide primary highway projects. 

Installation of the PPS on the Maryland DOT com-
puter facilities in Annapolis. 

Analysis and interpretation of the results. 

Development and Coding of Test Case 

Twenty-six statewide primary highway projects were 
selected for prioritization using PPS. These projects are 
located throughout the State in urban and rural areas as 
shown in Figure C-2. These projects included bypasses, 
bridges, freeways, and relocations as presented in Table 
C-3. 

Much of the general information needs for traffic inven-
tory, terrain, and vehicle occupancy rates was available in 
Maryland DOT files. The permanent traffic count station 
data required some data manipulation to place the informa-
tion in the format required by PPS. The vehicle operating 
cost data were developed using a telephone survey of ten 
service stations in Maryland and the application of inflation 
indices to published results on cost. A 5.5 percent discount 
rate, which represents the cost of borrowing to the State 
rather than total opportunity costs, was assumed for priori-
tization of projects. Project specific data were obtained 
from the State Highway Administration, Highway Ade-
quacy Rating data file and the Maryland 20-Year Highway 
Needs Study data file. 

For each of the 26 projects a sketch was prepared 
showing the improvement along with the other highways 
related to the improvement. Figure C-3 shows the network 
description for one of the more complex projects. On the 
new facilities, most of the projected traffic was taken from 
the 20-Year Highway Need Study (24). Traffic diversion 
was estimated from all of the existing highway facilities in 
the corridor. A check was made to balance the projected 
volumes on both new and existing facilities for each project. 
The latent demand due to the improvement is assumed to 
be small. 

Unusual features contained in the linear programming 
package are the use of diversion estimates, the ability to 
define dependency between projects, and expected lags in 
construction or right-of-way acquisition. Additional fea-
tures are the use of varying inflation or discount rates and 
varying time periods for benefit or cost stream calculation. 
In addition, projects can be defined as a series of incre-
mental changes in capacity, each of which is evaluated 
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Figure C-2. Regional distribution of Maryland projects. 

TABLE C-3 

DISTRIBUTION BY TYPE OF PROJECT 

TYPE OF PROJECT 
AREA TOTAL 

Bypasses Bridges Freeways Relocation 

Baltimore . 0 1 9 1 11 

washington 0 0 4 0 4 

i. 	western 0 0 1 1 2 

Southern 1 0 1 0 2 

Eastern 3 1 1 2 7 

TOTAL 4 2 16 4 26 

sequentially. The application of the methodology in Mary-
land was based on assumptions that link access costs were 
negligible. The input data for the test application are 
presented later under "Maryland Test Case Input Data." 

Outputs analyzed for the Maryland application were 
limited to user benefits and costs rather than to the intro-
duction of a full complement of social, economic, and 
environmental (SEE) factors. This decision to limit the 
analysis simply to user benefits and costs was based on the 
following reasons: 

In Maryland the Continuing Coordinated Compre-
hension (3C) and State Action Plan process was established 
to screen through a great number of projects for SEE 
effects in the planning cycle rather than in the program-
ming cycle. SEE effects are valued differently in different 
parts of the State. Environmental concerns in wetland 
areas near the Chesapeake Bay are viewed differently from 
environmental efforts in more urban areas where social and 
economic effects may be weighed heavier than effects on 
the physical environment. Therefore, projects entering 
the programming cycle were assumed to have considered 
SEE effects to the point where costs to mitigate negative 
SEE impacts were determined. 

In a report prepared by the Ontario MTC (8), it was 
found that the difference between including SEE impacts 
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Figure C-3. Network description for Project 4-Maryland 
test case. 

TABLE 0.4 

TWENTY-YEAR BENEFITS BY TYPE AND PROJECT 

PROJECT NUMBER BENEFITS (in millions of 1977 dollars) 

hicle Travel Total Total 4eratingl! Time 	.11 Accidents User 

1 3.954 57.354 -.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 -.787 733.762 
5 0.903 19.477 0 20.380 
6 2.223 44.077 .507 46.807 
7 2.810 63.450 .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 .212 3.470 14* 1.050 20.059 1.892 23.001 15* 0.248 2.279 0 2.527 
16 -2.724 12.990 1.673 11.939 17* -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 

Notes 

Peak summer volumes not emphasized due to use of annual daily 
traffic. Peak volumes would increase the travel time for the base 
case and subsequently increase benefits for the improved highway. 

1/ The value of travel time is $4.70 for a passenger car, $8.00 
for a single unit truck and $12.00 for a tractor-trailer. 

* Were treated as split projects. Staged into a series of im-
provements. 

in trial runs for highway projects and not including SEE 
effects resulted in only a 10 percent difference in the benefit 
calculation and very minor differences in the prioritization. 
Because of this, the Ontario MTC includes projects 
screened through SEE effects in their prioritization of high-
way projects. 

Installation of the PPS on Maryland DOT Computer 

Installation of the PPS on the Maryland DOT computer 
facilities at Annapolis was accomplished. However, cer-
tain measures had to be undertaken to accomplish this that 
were not apparent in the available documentation; namely, 
PL1/OS resident and transient libraries and the MPSX/OS 
package had to be obtained from IBM before system 
installation. 

Analysis and Interpretation of Results 

The PPS was then applied to the test case of 26 highway 
projects. Table C-4 presents by project number the vehicle 
operating, travel time, accident, and total user benefits for 
each of the projects as output by the user benefit package. 
It should be noted that the benefits shown are in 1977 
dollars, cumulative over the 20-year planning period, and 
not discounted over time. Figure C-4 shows how the 
benefits noted in Table C-4 were obtained. The vehicle 
operating costs for Project 4 are shown here for the 
existing routes without improvements and the existing  

routes with improvements. The difference between the two 
costs is the vehicle operating benefits. 

The costs of improvement (construction, right-of-way, 
maintenance, salvage) as output by the edit/update pack-
age and the benefits derived from the improvement as out-
put by the user benefit package are inflated and discounted 
in the inflate/discount package. This is done for every 
possible start year for an improvement in the planning 
horizon resulting in present value of cost and benefit 
streams for each improvement. Figure C-5 shows such a 
cost and benefit stream for Project 3. As seen in the figure, 
the benefits begin to exceed costs if the year of implementa-
tion is beyond 1981. The maximum benefit year is 1979. 

The linear programming package uses three basic inputs: 

The cost of an improvement that differs for each year 
of implementation in the planning period-output of 
inflate/discount package. 

The composite of the present worth of all benefits 
and disbenefits over a 20-year period for an improvement 
introduced in each year in the budget period-output of 
inflate/discount package. 

The anticipated budgets inflated and discounted to 
the base year-user input data. 

The linear program rearranges the timing of the improve-
ments and produces an output that is within the buJget 
constraint for each year, but minimizes the benefit loss. 
Table C-5 presents the priority schedule for the 26 highway 
projects. The table shows the fiscal costs of construction 
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TABLE C-S 

PRIORITY SCHEDULE FOR HIGHWAY PROJECTS-MARYLAND TEST CASE 
(FISCAL COSTS IN THOUSANDS OF DOLLARS) 

PreJ.ct 
N,mb.r 1977 1976 1979 1990 1991 1912 1993 1984 1985 1988 1987 1988 1999 1990 1991 1892 1993 1994 1995 1999 Tolal 

1 1.732 13,731 15.622 15.622 15,622 13,890 1.890 78,109 

2 4.839 4.810 4.840 4.840 4.840 24 199 

3 . 12,393 18,380 18.380 18,380 18.380 5,986 91899 

4 9.998 29.259 29.259 25.259 29.261 19,262 142 299 

5 4,619 4,620 4,620 4,820 4,620 23.099 

6 3.533 3.533 3.534 10,600 

7 1.979 1,980 1,990 5939 

8 3.153 3,153 3,153 9459 

9 2 8,441 8.358 8.391 8,361 8,358 1.918 41,799 

tO 4.151 4.155 4,155 4,155 18.619 

Ii - 5,135 5,136 5.136 5.136 5.136 25.879 

12 5.170 5,170 5,170 5.170 5.170 25.850 

13 4.873 4,874 4.874 4,871 4,874 24.369 

14 4,949 4.950 4.950 6,384 1,434 1,434 2,101 

15 10,899 10,901 10,901 10,135 10.135 52.971 

II 4.259 4,280 4,280 4.260 4,260 21.299 

17 8.057 8,058 8,058 8,058 6.058 4.391 4,391 4.392 53,483 

18 12,217 12.218 12218 12.218 12,218 61,089 

19 8.839 0,640 8,640 8,640 8.640 43,199 

20 20.067 20.068 20.068 20,068 20,068 100.339 

21 12.400 12400 12.400 12,400 12.400 82,000 

22 3.940 3.94.0 3.940 3.940 3.940 3,940 3,940 3,940 31,520 

23 .... (NotProgr.mm.d) . . 0! 0 

24 4,300 4,300 12.899 

25 1,386 1,366 1,366 1,167 4,180 2,793 2,793 2,791 2.794 30,799 

28 2,489 2.486 2,487 7.399 

40,103 52,107 57,830 88,721 85,562 57,298 71,836 83,292 83.290 68,021 69,080 76,931 60,804 51,883 47.596 31,853 - 	4,391 4,392 1,010,996 

(CumI.uioe) 92,210 150,040 216,781 302.323 359,621 43t,457 514,749 598.039 664,066 733.140 810,077 870,881 922,794 970,360 1,002,213 1,006,604 1,010,996 

Note. Proleci copenditure cpctas assume constant aspendItue during construction eucept for split poecle. 
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(right-of-way costs excluded) for each project by the year 
in which the costs occur. The first year in which costs occur 
is the first year of construction and is also the priority as the 
linear program sees it. All projects do not start in the maxi-
mum benefit yeal. For example, Project 3 has the 
maximum benefit year in 1979; however, the optimal year 
to introduce the improvement is 1982. The linear program 
has displaced the improvement by three years from its peak 
benefit year in order to meet the budget constraints and 
optimize the over-all program. 

The cumulative benefits and costs for the projects pro-
grammed by the linear program are shown in Figure C-6. 
The benefits obtained from the projects are accrued in 
years between opening of projects and 1996. The costs are 
cumulative fiscal costs excluding right-of-way costs, but 
including maintenance costs. Beyond 1985, the cumulative 
benefits begin to exceed cumulative costs. 

Besides preparing a schedule for implementation of the 
projects based on the optimization of user benefits, the 
programs within PPS might be used to rank order projects 
based on specific factors. Table C-6 gives the ranking of 
projects based on vehicle operating, travel time, accident, 
and total user costs. This ranking resulted from the user 
benefit package, which was run prior to the inflate/discount 
package. Also shown in the table is a ranking of projects 
based on the benefit cost ratio that was obtained from the 
output of the linear programming package. The rankings 
obtained from the output of the linear programming 
package were compared with the rankings obtained based 
on total user benefits for the 20-year period from the user 
benefit package. Nineteen of the 26 projects are in the 
same general rankings. In the linear programming ranking, 
four projects shift to a higher ranking and three to a lower  

ranking, as compared to the total user benefit ranking. This 
information can be used to assist in adjusting the priority 
schedule based on different state policies. 

IMPLICATIONS 

Direct Decision-Making Applications in Maryland 

The experience of evaluating alternative priority pro-
gramming methods and applying the selected method 
(PPS) to Maryland has indicated that several types of 
application can be helpful in planning and programming: 

1. Development of the Maryland Transportation Plan 
(MTP)—MDOT is in the process of completing a state-
wide multimodal transportation plan. The MTP uses as 
input for highways a 20-Year Highway Needs Study 
prepared by the State Highway Administration and based 
on an adequacy rating system. Some of the needed high-
way improvements are presently contained in the 5-year 
Consolidated Transportation Program (CTP). The MTP 
classifies those items that are in the CTP for construction 
within the 5-year period as Category 1 and those that are in 
the CTP for project planning or other preconstruction 
activities as Category 2. Based on various financial pro-
jections for the 20-year period, MDOT through the MTP 
is attempting to identify those unprogranmed needs that 
are of a higher priority and benefit cost ratio as Category 3 
in the plan, as opposed to those unprogrammed needs, 
Category 4, that are of a lower priority and would fall 
outside the 20-year projection of available funding. The 
PPS can be used to help arrive at the Category 3 and 4 
split in future updates of the MTP. 

77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 

YEARS 

Figure C-6. Comparison of cumulative benefits and costs—Maryland test case. 
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TABLE C-6 

RANKING OF PROJECTS—MARYLAND TEST CASE 

Rankings Based On 

Project Number Benefit Cost Ratio Vehicle Travel Accident Total 
Results of PPS Test Operating Time Benefits User 
(Discounted benefits Benefits Benefits Benefits for 
for Planning Horizon)  20-year 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 7 6 4 6 3 
22 4 8 7 7 6 
23 21 24 24 26 25 
24 18 18 21 10 20 
25 22 21 23 15 23 
26 24 22 25 17 24 

Systems Planning and Special Studies—MDOT con-
ducts many areawide and modal systems planning studies 
where the PPS could be used to test alternate financing 
assumptions, facilities, or corridor alignments. Examples 
of these ongoing studies are Northern Charles County 
Transportation System Study, Maryland Route 100 Cor-
ridor Systems Study, Garrett County Economic Planning 
Study, and Toll Revenue Utilization Study. 

The last study, now underway, attempts to evaluate can-
didate 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 benefit-cost calculation. 

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 production capabilities. 

Project Planning Studies—The PPS, specifically the 
road user benefit package, can be used for evaluating 
alternative alignments in a project planning study. 

Types of Decision-Making Applications 

The PPS deals with highway improvements on a state-
wide or regional basis including both urban and rural areas. 
However, the PPS is more broadly useful to state decision-
makers. The concepts underlying the PPS may be extended 
to multimodal applications. 

In its present form the PPS performs a number of func-
lions: 

I. Given estimates of traffic characteristics and physical 
conditions before and after a proposed improvement is 
implemented, the PPS will project future time streams of  

user benefits of the improvement as a function of when 
implementation occurs. 

Given estimates of the cost of implementation, the 
PPS will estimate the ratio of user benefits to project costs, 
in terms of constant dollars, as a function of when imple-
mentation occurs. 

Given estimates of annual budgets, the PPS will rec-
ommend the timing of implementation for each one of a 
set of proposed alternatives so that total user benefits are 
maximized. Constraints on interrelationships of projects, 
distribution of funds among programs or geographic areas, 
and time required for implementation may be incorporated 
in this optimization. 

For each of these functions, the PPS will provide a 
variety of tabular and graphical reports that may be used 
as aids in decision-making. 

The PPS is able to deal with a planning horizon of up 
to 20 periods (years generally), and is used by the Ontario 
MTC to manage a highway investment portfolio of approxi-
mately 250 projects. The PPS can provide information on 
the consequences of changes in project timing, costs, and 
value assumption. 

The PPS obviously does not make decisions nor does it 
consider all the factors that may influence the decision to 
implement a proposed highway improvement. The analyses 
performed by the PPS can aid and guide decision-making, 
but cannot replace the final judgment required to be sensi-
tive to the full range of concerns in a state. 

A number of ways in which the PPS may be useful to 
state-level transportation decision-makers can be identified. 
The basic application is the preparation of multiyear pro-
grams for up to 20 periods on a regular annual basis. As 
part of this regular process or as part of specialized 
analyses, PPS can be used in a variety of ways. These 



117 

applications are listed as follows; all of these types of 
applications are also discussed: 

Sensitivity Analysis 
Changes in discount rate 
Changes in time, accident, and vehicle operating 
costs 
Changes in traffic projections 

Special Applications 
Analysis of changes in budgets 
Use of bond financing 
Imposition of minimum expenditure levels 
Studies of road standards 
Valuation of socioeconomic tradeoffs 

Sensitivity A nalyses 

The basic applications of the PPS require that the user 
make a number of assumptions. Many of these assumptions 
are subject to considerable uncertainty or to judgments of a 
fairly subjective nature. Errors of estimate for several types 
of input variables may have a significant effect on the 
output evaluation and scheduling of improvements: 

Discount rate (and/or inflation rate); 
Values of user benefits (time, accident, and vehicle 
operating savings); and 
Traffic projections. 

Changes in Discount Rate. Changes in the discount rate 
will alter the benefit-cost ratio for highway improvements 
in spite of the fact that discount rates are applied to both 
benefit and cost items. This is because the realization of 
benefits occurs after the expenditure of funds for construc-
tion. Thus, an increase in the discount rate will cause a 
decrease in the present value of benefits relative to costs. 
Similarly, a decrease in the discount rate will cause an 
increase in the present value of benefits relative to costs. 
This effect is shown in Figure C-7. The ratio of benefits to 
costs (calculated using the present value of benefits and 
costs) is 2.10 with a discount rate of 6 percent and 1.56 
with a discount rate of 10 percent. 

Changes in the discount rate can alter the schedule of 
improvements. For example, a decrease in the discount rate 
improves the status of improvements for which benefits 
increase over time relative to improvements for which 
benefits remain constant over time or increase at a lower 
rate. Typically, lower discount rates give advantage to 
projects with rapidly increasing traffic volumes. For ex-
ample, compare example Project A in Figure C-7 with 
example Project B in Figure C-8. For A, user benefits are 
constant over time; for B, user benefits increase over time. 
Both A and B have the same construction cost. With a 
10 percent discount rate, A has a higher benefit-cost ratio 
than B; however, with a 6 percent discount rate, B has a 
higher benefit-cost ratio than A. 

Individual improvements may be evaluated by running 
the inflate/discount program with several alternative dis-
count rates. Changes in the benefit-cost ratio and in the 
optimum year for implementation may then be observed. 
If improvements scheduled for early implementation show 
substantial sensitivity to the discount rate, particularly if 
the benefit-cost ratio approaches unity, the decision-maker  

may wish to maintain flexibility in development of the 
state's highway program to be able to respond to possible 
changes in interest rates and the like. 

Changes in Time, Accident, and Vehicle Operating Costs. 
Changes in the unit values for time, accident, and operating 
costs (such as might be caused by changes in the price of 
gasoline) will affect highway user benefits due to improve-
ments. Increasing the unit values of time and accident 
costs will almost always increase the user benefits predicted 
for a project. Increasing unit operating costs may increase 
or decrease highway user benefits because of the U-shaped 
relationship of operating costs to speed (i.e., the operating 
cost of an automobile at 30 mph is less than the operating 
cost of the same automobile at 10 mph and at 50 mph). 

Changes in the unit values of time, accident, and oper-
ating costs can affect which projects are scheduled. As an 
example, an increase in the price of gasoline will increase 
the status of an improvement that relieves a highly con-
gested highway relative to an improvement that increases 
the speed of free-flowing traffic. In the former case, the 
improvement might increase speeds from 10 mph to 30 
mph, causing a decrease in gasoline consumption. In the 
latter case, the improvement might increase speeds from 
30 mph to 50 mph, causing an increase in gasoline con-
sumption. If gasoline becomes a relatively more important 
factor, such as would be the case if the price is increased, 
highway improvements that save gasoline would improve 
their status relative to improvements that lead to increased 
gasoline consumption. 

Generally, these values will be considered "key assump-
tions" and should be established as a state-level policy. The 
values used should be based on analysis of the economy, 
and should include consideration of factors that might in-
fluence vehicle ownership and operating costs, gasoline 
prices, medical costs, and so forth. 

Annual review of these key assumptions could lead to 
an alteration of the values that are inputs to the user 
benefit package. The entire MIL would then be rerun 
through the user benefit and edit/update packages to yield 
new estimates of the time streams of benefit. 

Changes in Traffic Projections. Increasing future traffic 
will generally have the effect of increasing the benefit-cost 
ratio for the improvement. This is because (1) more traffic 
means more individuals will benefit from the improvement, 
and (2) the effect on travel time of an increase in capacity 
is greater as traffic volumes are higher (because curves on 
which V/C ratio is the horizontal axis and travel time is the 
vertical axis are convex upward). As the combined result 
of these two effects, an increase in traffic volume will prob-
ably cause a greater percentage increase in highway user 
benefits. 

One result of the second effect is that if the same per-
centage increase is applied to all traffic forecasts, the status 
of projects that relieve highly congested conditions will 
improve relative to those projects for which congestion is 
a less important factor. However, unless traffic volumes are 
increased by large percentages, this effect should not cause 
the schedule of improvements to change significantly. 

Care must be taken to assure that evaluations of im-
provements are realistic when large changes in traffic are 
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Construction & R.O.W. Cost Net Benefits 
Present (1978) Value Present (1978) Value 

@6% @10% @6% @10% 
In Future Discount Discount In Future Discount Discount 

Year Year $ Rate Rate Year $ Rate Rate 

1978 100 100 100 0 0 0 
1979 100 94.34 90.91 0 0 0 
1980 40 35.60 33.06 
1981 40 33.58 30.05 
1982 40 31.68 27.32 
1983 40 29.89 24.84 
1984 40 28.20 22.58 
1985 40 26.60 20.53 
1986 40 25.10 18.66 
1987 40 23.68 16.96 
1988 40 22.34 15.42 
1989 40 21.07 14.02 
1990 40 19.88 12.75 
1991 40 18.75 11.59 
1992 40 17.69 10.53 
1993 40 16.69 9.58 
1994 40 15.75 8.71 
1995 40 14.85 7.91 
1996 40 14.01 7.19 
1997 40 13.22 6.54 

TOTAL 200 194.34 190.91 720 408.59 298.23 

Benefit-Cost Ratio @ 6% = 408.59 = 2.10 Benefit-Cost Ratio @ 10% = 298.23 = 1.56 
194.34 . 190.91 

ote: For simplicity of this example, salvage value, maintenance costs and non-user impacts are omitted. 

Figure C-7. Comparison of benefit-cost  ratios with discount rates of 6 percent and 10 percent-example Project A. 

Construction & R.O.W. Cost Net Benefits 
Present (1978) Value Present (1978) Value 

@6% @10% @6% @10% 
In Future Discount Discount In Future Discount Discount 

Year Year $ Rate Rate Year $ Rate Rate 

100 100 100 0 0 0 1978 
100 94.34 90.91 0 0 0 1979 

1980 28.00 24.92 23.14 

1981 29.40 24.68 22.09 

1982 30.87 24.45 21.08 

1983 32.41 24.22 20.13 

1984 34.03 23.99 19.21 

1985 35.74 23.77 18.34 

1986 17.52 23.54 17.50 

1987 39.40 23.32 16.71 

1988 41.37 23.10 15.95 

198 43.44 22.88 15.22 

1990 45.61 22.67 14.53 

1991 47.89 22.45 13.87 

1992 50.28 22.24 13.24 

1993 52.80 22.03 12.64 

1994 55.44 21.82 12.06 

1995 58.21 21.62 11.52 

1996 61.12 21.41 10.99 

1997 64.18 21.21 10.49 

IOTAL 200 194.34 190.91 787.71 414.34 288.73 

Benefit-Cost Ratio @ 6% = 414.34 = 2.13 Benefit-Cost Ratio @ 10% = 288.73 = 1.51 
194.34 190.91 

Note: 	For simplicity of this example, salvage value, maintenance costs and non-user impacts are omitted. 

Figure C.8. Comparison of benefit-cost  ratios with discount rates of 6 percent and 10 percent-example Project B. 
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projected. Because accident rates are estimated as a func-
tion of traffic volume, the number of accidents occurring 
on a new road may actually be projected to increase relative 
to the old road being replaced. If this effect is observed, an 
adjustmcnt to the baseline accident estiiiiale should be made 
(in the edit/update package) to account for traffic 
diversion. 

Special Applications 

The basic use for which the PPS was developed, and to 
which the preceding discussion has been addressed, is in 
development of highway investment programs composed of 
several projects. In addition, the user benefit package may 
be used alone to estimate the road user benefits due to 
changes in travel time, vehicle operation, and accident 
cost. Further, the user benefit, edit/update, and inflate/ 
discount packages can be used to produce a fairly complete 
economic analysis of each improvement, depending on 
when it is implemented. 

The capability of the PPS to conduct an extensive range 
of computations in a rapid and relatively inexpensive 
manner opens up to the user a range of special applications 
that may be useful in transportation decision-making. The 
following special applications of the PPS will be discussed 
here: 

Analysis of changes in budgets; 
Use of bond financing to accelerate construction 
programs; 
Imposition of minimum expenditure constraints, by 
geographic or program areas; 
Studies of road standards; and 
Valuation of social/environmental tradeoffs. 

Analysis of Changes in Budgets. Annual budgets act as 
constraints on the implementation of improvements. An 
individual highway improvement may be scheduled for a 
year other than the one in which its benefit-cost ratio is 
maximized because funds in that year are allocated to 
other improvements. 

The experience of the Ontario MTC is that if each 
improvement in a typical highway program could be im-
plemented in the year when its benefit-cost ratio is at a 
maximum, total benefits of the program are 10 percent 
greater than if the improvements must be scheduled subject 
to annual budget constraints. 

The output of the Summary Table and Parametric 
Budget/Benefit programs provides information for the 
analysis of budget changes. The marginal value of budget 
for a given year is the increase in net benefits due to a $1.00 
increase in the budget level for that year. Using the 
number in the marginal value of budget column output by 
the PPS, it is possible to calculate exactly the effect of 
small changes in the budget on highway user benefits and to 
make approximate estimates for larger changes in budget 
levels. The following equation is used: 

	

Marginal Value 	
Change in
Budget for 

in Net Benefits - 
Resulting Change - 	of Budget for X Analysis 

	

all i Analysis Period i 	Period 

(C-i) 

In the PPS output, both benefits and costs for each year 
are expressed in terms of their present value; they are 
adjusted, as necessary, for inflation and then discounted 
back to the base year. To use Eq. C-i to calculate changes 
in the present value of highway user benefits, changes in 
the budgets for future years should also be expressed in 
terms of their present values. The formula for calculating 
the present value of an expenditure n years in the future is: 

(Present) - (Future) 	
(1 + Discount Rate)-  Value - Expenditure X 	

(C-2) 

For example, if the base year is 1977 and the discount rate 
is 10 percent, the present value of a $500,000 increase in 
the 1981 budget is: 

500,000 x (1.10)_4 = 341,507 

It is not necessary to apply Eq. C-i if the budget level in 
each analysis period is to be increased by the same 
percentage. 

The effect of a fixed percentage increase in each year's 
budget level can be obtained directly from the budget/ 
benefit curve produced by the PPS. The vertical axis 
represents the present value of total budget. 

Use of Bond Financing. If substantial increases in 
benefits may be achieved by increasing budgets over the 
early years of the analysis period, bond financing may be a 
promising source of funds. This special case of changes in 
budget may be addressed through the following steps: 

Review the marginal value of budget (MVB) column 
to determine whether MVB's in the short-term future are 
higher than MVB's in later analysis periods. If this is the 
case, it is likely that the use of bonds to accelerate highway 
construction could significantly increase total net benefits, 
particularly if the interest rate the state must pay is less 
than the assumed discount rate. 

Select a period of analysis, n, in the short-term future 
with a high MVB and specify the rate of interest and the 
years when principal and interest payments will be made 
for bonds issued in that analysis period n. 

For each dollar worth of bonds issued in analysis 
period n, calculate the net amount of bond proceeds and 
principal and interest payments for the analysis period n 
and all future analysis periods. 

Determine the present value of the net amounts cal-
culated in step 3 for each analysis period using Eq. C-2. 

Use Eq. c-i to determine the increase in net benefits 
per dollar's worth of bonds issued in period of analysis n. 

In many states, there are legal or policy limitations on the 
amount of outstanding bonded indebtedness. If bonds are 
issued to finance highway construction, the amount of 
bonds that can be issued for other purposes may be 
reduced. If the rate of interest that the state must pay to 
borrow money is less than the discount rate, just accounting 
for bond interest and principal payments does not take into 
account the value of the lost opportunity to issue bonds for 
other purposes. 

In such cases, it is appropriate to use the rate of return 
associated with other possible uses of bonding authority in 
place of the interest rate. For example, if, as an alternative 
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to highway construction, bonding authority can be used to 
finance other public works with a 10 percent rate of return, 
10 percent should be used in place of the actual interest 
rate the state must pay to borrow money. If information 
on the rate of return for other uses of bonding authority is 
not available, it is reasonable to use the discount rate as the 
effective rate of interest in carrying out the five steps 
previously outlined. 

From this point of view, using bonds to accelerate high-
way construction programs becomes desirable only if the 
MVB's in short-term future analysis periods are greater 
than MVB's in later analysis periods. The analyst might 
assume unit increases in budgets for the first few analysis 
periods and decreases in the budgets of later, periods that 
balance the early increases. 

Imposition of Minimum Expenditure Levels. The PPS 
can be used to assess the effects of establishing or elimi-
nating minimum expenditure level constraints for various 
administrative categories. Minimum expenditure con-
straints may be regional in nature (such as formula grant 
programs to ensure that each region gets a share of total 
expenditures) or program-related (for example, to ensure 
that the state makes full use of available Federal-funding 
programs. 

The imposition of minimum expenditure constraints on 
particular categories of highway improvements can reduce 
the level of net benefits achievable by the program as a 
whole. This will occur when, in order to meet an expendi-
ture minimum, it is necessary to pass over improvements in 
other categories with higher benefit/cost ratios. 

As noted in the discussion of the linear programming 
package, the PPS can accept and enforce minimum 
expenditure constraints in selecting and scheduling highway 
improvements. An approximate analysis of the effects of 
raising or lowering a given expenditure minimum can be 
done from the output of a single PPS run using the dual 
variable for the expenditure minimum. The dual variable 
is a measure of how much total net benefits would change 
per unit change in the expenditure minimum. Experience 
indicates that, as a rough rule of thumb, if the minimum 
expenditures total less than approximately 50 percent of 
available budgets by year, the inclusion of constraints in 
the MPSX, as described earlier, is recommended. How-
ever, if the minimums total substantially greater than half 
of available budgets, the constraints tend to dominate the 
solution to the point that the value of the optimization 
technique is greatly diminished as an aid in decision-
making. 

Afternatively, an analysis of the marginal costs or 
returns, in terms of foregone or increased program benefits, 
of shifting funds among categories may be conducted in 
the following way: 

I. Run the PPS for each category using the funding 
minimums as budget levels and the projects in that category 
for which the funds might be spent as the master improve-
ment list. 

Compare the marginal value of budget (MVB) for 
each category across all categories and all years. 

Apply Eq. C-i to determine the effects of increasing 
or decreasing budget levels for a category. 

An example of the table that might be used to compare 
MVB's is shown as follows: 

Year Category A Category B Category C 
1978 0.957 1.572 2.040 
1979 0.931 1.853 1.501 
1980 0.908 2.111 1.488 
1981 0.877 2.377 1.455 

This table indicates that shifting funds from Category A 
to other categories could significantly increase total net 
benefits. Also, it is noted that, since the MVB's in Category 
A are less than 1, the state will be implementing projects for 
which costs are greater than highway user benefits. Unless 
these projects are providing other benefits, it is questionable 
whether they should be implemented at all. 

It can also be noted from this table that Categories B 
and C would each yield greater return if funds were shifted 
from B to C in 1978 in return for a shift of funds from 
C to B in 1981. Total highway user benefits could be 
increased by $1.39 per dollar shifted: 

Category B: (- $1 X 1.572) + (+ $1 X 2.377) = $.805 
Category C: (+ $1 x 2.040) + (—$1 x 1.455) = $.585 
Total Increase: $.805 + $.585 = $1.39 

Studies of Road Standards. Standards on roadway design 
and highway conditions influence costs of improvements 
and identification of deficiencies on existing facilities. In 
many cases, these standards have been set without adequate 
consideration of the costs and benefits of their application. 
Lowering of certain standards, for example, might yield 
substantial cost savings with relatively minor loss of road 
user benefits. The user benefit package may be used to 
analyze such questions. 

Using the package, analysis of hypothetical roads de-
signed or maintained to different standards is conducted to 
yield estimates of benefits. An assessment may then be 
made of the degree to which increases in standards yield 
significant increases in road user benefits. If estimates of 
typical costs of construction and maintenance to these 
different standards can be developed, a full benefit-cost 
analysis is possible. 

In examining the question of whether design standards 
should be reduced, it may be important for the analyst to 
have an in-depth understanding of the various components 
of user cost. For example, accident rates under different 
standards are often a critical factor in determining whether 
a reduction in standards is desirable. The user benefit 
calculation package, as it currently exists, does not estimate 
the effect on accident rates of changes in such features as 
lane width, median width, or intersections/mile. Rather, 
it uses estimated average accident rates for three highway 
types: two-lane, multilane, and nonfreeway and freeway. 
Thus, it is desirable to disaggregate user costs into time 
costs, vehicle operating costs, and accident costs; to perform 
a more in-depth analysis of the effect of reduced standards 
on accident costs; and to determine whether improvements 
to reduced standards should be included in the schedule for 
safety reasons. 

Valuation of Social/Economic Tradeoffs. As it is cur-
rently programmed, the PPS does not include techniques 
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for directly estimating social and environmental impacts of 
a highway improvement. However, it does allow the 
system user to provide inputs of dollar value estimates of 
these impacts as a basis for scheduling. 

Test runs of the PPS with and without dollar value 
estimates of these impacts indicate that the relative priority 
of most rural highway improvements does not change 
significantly. The estimates of total benefits of the program 
are typically changed less than 10 to 15 percent with 
these benefits and costs: Notwithstanding this finding, it is 
important to recognize that, for some improvements, social 
and environmental impacts may be critical and that projects 
with potentially severe adverse impacts should be examined 
carefully before making a major commitment of funds for 
project planning. 

One potentially useful analysis of such problems is to 
determine how much the cost of implementing an improve-
ment can be increased before it is eliminated from the 
program of highway improvements selected by the system 
to maximize net benefits. Approximate estimates of this 
increase in costs can be developed directly from the PPS 
output by calculating the cost increase at which the im-
provement is to be implemented. 

After estimating the maximum cost for which the project 
would still be scheduled, the analyst must make a judgment 
as to whether this amount of money is sufficient to amelio-
rate adverse impacts such that environmental conditions 
would be no worse than if the improvement is not made. 

If the amount of money is not sufficient for this purpose, 
the decision to make a major commitment of funds for 
project planning should be reexamined. The highway user 
benefits may be so great that continued planning effort on 
the project is still worthwhile. However, planners should 
be aware of the probability either that efforts to make the 
improvement as planned will be blocked or that the 
ultimate cost of implementing the improvement will be 
so high that it ceases to be an efficient use of highway 
funds. 

A more complete approach would be to develop several 
alternatives for a project having potentially severe adverse 
impacts: These alternatives should provide approximately 
the same level of transportation service in terms of capacity, 
but should offer various levels of response to the social/ 
environmental impact problems. Comparisons of user 
benefits and project costs for these alternatives will allow 
the analyst to develop an estimate of the impact tradeoff 
options. 

EVALUATION OF PRIORITY PROGRAMMING TOOLS 

For all of the states consulted, programming and/or 
improved methods for obtaining more cost-effective ap-
proaches to transportation decisions were identified as a 
concern. Priority programming tools can assist the states in 
obtaining information for making these decisions. 

With the knowledge of issues and views of the various 
states in mind, an evaluation was made of alternative 
priority programming tools for assisting the State of Mary-
land. Because of strong multimodal tradeoff pressures, 
prioritization was a significant issue in the development of a 
5-year program budget, a long-range master plan, and mode  

specific pla'nning!programming processes. The idea was 
to select a tool for Maryland, apply it to a test case, docu-
ment the experience, and through NCHRP disseminate the 
results to other potential state users. This section discusses 
the tools examined, the criteria selected by MDOT, the 
team for evaluation, and the results of the evaluation. 

Candidate Tools Examined 

Four different tools were examined in Maryland: the 
Objective Priority Programming Procedure (PRIPRO) 
(Ref. 3), the Highway Investment Analysis Package 
(HIAP) (Ref. 4), the Priority Programming System (PPS) 
(Ref. 5), and the Transportation Resource Allocation 
Model (TRANS) (Ref. 6). 

The references noted after each tool by and large present 
a general description of each technique and the source of 
the material. Maryland has computerized versions of these 
tools available, based on the recommendations of a resource 
allocation task force that had been functioning in 1974 and 
1975. Other tools were evaluated through an HRIS 
search and extensive literature review. 

Criteria for Evaluation 

Based on extensive discussions with the Maryland De-
partment of Transportation (MDOT), a list of 12 criteria 
was formulated to broadly evaluate the alternative tools. 
Ten of these criteria relate to the needs of Maryland, while 
two relate to the needs of NCHRP Project 8-18. 

The MDOT criteria were that the selected procedure/ 
tool should be: 

Directly applicable in the next State programming 
cycle. 

Compatible with MDOT's staff and computer hard-
ware capabilities. 

Usable with currently available data. 
Theoretically sound. 
Understandable and acceptable to the full range of 

MDOT users and their clientele. 
Able to show not only the priorities established but 

also the rationale for these priorities. 
Able to deal with multiyear budget constraints, in-

cluding staging questions and delay versus deletion of 
improvements. 

Able to indicate sensitivity of priorities and project 
evaluations to changing conditions or assumptions. 

Able to deal, in the long run, with multimodal im-
provements. 

Responsive to system relationships among projects. 

The NCHRP criteria are that the selected procedure/ 
tool should have: 

Demonstrated applicability to the issues of interest 
to statewide users. 

Transferability of experience to other states. 

Evaluation Results 

Using the criteria from the previous section, an evalua-
tion of the alternative methodologies was made, as shown 
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in Figure C-9. There were certain criteria that were most 
important to MDOT in their decision to select a method-
ology for priority programming such as multiyear con-
straint capability, sensitivity to different assumptions and 
uncertainty, long-run multimodal capability, and system 
effects. 

Multiyear constraint capability was important inasmuch 
as MDOT has a series of revenue models and desires to 
test the impact of multiyear transportation budget scenarios. 
The priority program 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 poli-
cies, plans, and programs through its Maryland Transporta-
tion Plan process. MDOT wanted a priority programming 
methodology sensitive to the assumptions and uncertainties 
of budget rates, traffic growth, interest rates, etc. On a 
long-run basis, MDOT wants a priority programming 
capability that can be expanded to prioritize all modes of 
transportation or, as a minimum, provide guidance to the 
Secretary on modal emphasis for transportation investments 
by time period. Lastly, the sensitivity of the priority pro-
gramming methodology to system effects was judged to be 
important. There was a concern related to the traffic impact 
of decisions on interconnected systems. 

Based on this evaluation, the PPS was selected by MDOT 
for demonstration as part of the NCHRP test case study. 
MDOT has experience in testing the other three tools. Even 
though the PPS required input data in a form not normally 
available, it was decided to proceed with this tool for testing 
purposes as part of the statewide transportation planning 
and programming process. 

AN ANNOTATION OF THE PRIORITY 

PROGRAMMING SYSTEM 

The purpose of this section is to show the basic flow 
of information within the PPS, itemize data requirements, 
and provide the reader with a guide to where in the 
available documentation information and instructions on 
specific aspects of the PPS can be found. 

Two documents comprise the principal documentation 
of the PPS: the Priority Planning Methodology—Systems 
Manual (A) and the Priority Planning System—Road User 
Benefit Calculation Package (B). These documents can be 
obtained from NCHRP. In the following discussion, 
specific parts of these documents will be referenced 
parenthetically; boldface letters A or B, as previously listed, 
will indicate which document is being cited and specific 
sections and/or page numbers will be given. 

Criteria 

Relative Rating.  

PRIPRO HIAP PPS TRANS 

1 	Directly applicable to next cycle xx xx xx xx 

Compatible with MDOT capabilities x xx xx xx 

Useable with available data xx x(B) xxx xx 

Theoretically sound xxx xx xx xx 

S. 	Understandable to users xxx x x X 

Show rationale for priorities xx x x x 

Multi-year constraint capability xx_ xx x XXX 

Indicate sensitivity to assumptions xxx xx x xxx 

Multimodal capability (long run) xx xx xx(C) xx 

System effects 	 . xxx xx xx xx 

Demonstrated use xx xxx xx xx 

Transferability z x x x 

Sum M Column Rating (good-moderate-poor) 	2-5-5 	3-8-1 	5-6-1 	3-7-2 

Notes: (A)  Ratings are relative, comparing the three alternatives: 
x = Good 

xx = Moderate 
xxx = Poor 

HIAP 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. 

Figure C-9. Evaluation of alternative priority programming tools. 
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The documentation of the PPS was developed by the 
Ontario MTC staff in parallel with the software. The 
documentation is not oriented toward prospective, un-
initiated users, and was found (by the Maryland DOT 
staff) to be somewhat difficult to use. One purpose of this 
section is to guide the potential user to the key parts of 
the Ontario documentation and, thus, to make the PPS 
more readily accessible to state transportation decision-
makers. 

Over-all PPS Information Flow 

Figure C-10 is a flow chart of the PPS. In this chart, 
the programs comprising the PPS have been grouped into 
the four packages used to describe the PPS earlier. In 
that discussion, the purpose, capabilities, and limitations 
of each of the packages were described. In the following 
sections, the data requirements for each of the packages 
will be itemized and the purpose, inputs, and outputs of 
each program will be outlined. 

User Benefit Package 

The user benefit package consists of one cQmputer pro-
gram, the user benefit program, and data from road user 
cost studies and traffic counting stations compiled by the 
Ontario MTC. The program is written in FORTRAN IV, 
6 level, and may be employed separately from the rest of 
the PPS. The purpose, input, output, and data require-
ments are as follows: 

1. Purpose 
The purpose of the user benefit program is to calculate 

dollar values of user benefits attributable to vehicle oper-
ating, accident, and time savings. 

2. Input 
Vehicle characteristic curves' (data initialized in 
the program) (B, Vol. I). 
Standard traffic volume distribution curves from 
permanent counting stations or other sources 
provided by PPS user (B, Vol. I). 
Speed versus volume/capacity relationships (B, 
Vol. I, pp.  56-60). 
Description of a particular highway network 
linkage, its geometry, operating costs, and vol-
umes on highway for the before and after im-
provement conditions (B, Vol. I, pp.  56-60). 
Unit values for travel time, vehicle costs, acci-
dent costs, etc. (B, Vol. I, pp.  56-60). 

3. Output 
The output generated from the user benefit program 

consists of vehicle operating, accident, and time savings in 
dollar amounts over the life of the improved highway 
facility (B, Vol. II, pp.  3-14). 

4. Data Requirements 
The data requirements for the user benefit package 

include unit values for calculating costs, physical descrip-
tions of individual highway links, and traffic projections. 
The unit values required to calculate costs include: 

Fuel cost ($ per imperial gallon). 
Oil cost ($ per imperial quart). 
Tire cost ($ per tire).  

Mechanic's labor ($ per hour). 
Vehicle depreciable value (cost per vehicle less 
tires). 
Time cost ($ per hour). 

These unit prices are input separately for each of three 
vehicle types: cars, single-unit trucks, and multiunit trucks. 

The physical description of individual highway links 
that is input to the program includes: 

Type of highway link (two-lane/multilane un-
divided/multilane divided/freeway). 
Control of access (none or partial control/full 
control). 
Terrain (level/rolling/mountainous). 
Length (miles). 
Shoulder, lane, and median widths (feet). 
Number of lanes. 
Average highway speed (miles per hour). 
Percent of highway length for which passing 
sight distance is less than 1,500 ft (two-lane 
highways only). 
Gradient (percent). 
Curvature (degrees). 
Pavement type (blank or smooth asphalt/rough 
or broken asphalt/gravel). 

1. One-hour capacity (this input is optional—if 
capacity is not specified as an input, it will be 
calculated by the program). 

All of the data items listed were collected by states 
participating in the 1975 National Highway Inventory and 
Performance Study (NHIPS). However, because the user 
benefit program is not designed to accept link data in the 
NHIPS format, the data must be recoded in the PPS 
format. 

Edit/Update Package 

The edit/update package consists of two programs—the 
edit/update program and the MIL selective dump program. 
These programs enable the PPS user to create, update, and 
examine selected portions of the master improvement list 
(MIL). The purpose, input, and output of the two pro-
grams are as follows: 

Edit/Update Program 
Purpose 
To create and update the master improvement 
list and calculate dollar values of all cost and 
benefits except user benefits attributable to 
vehicle operating, accident, and time savings. 
Input 

Old master improvement list, if available 
from previous runs of the PPS (A, pp. 22-28, 
6 1-72). 
Transaction cards for cost and benefit calcu-
lations and improvement description data (A, 
pp. 22-28, 61-72. 
Improvement deletion cards (A, pp.  22-28, 
6 1-72). 
User benefit calculations, input by PPS user 
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or from optional user benefit program previ-
ously described (A, pp.  22-28, 61-72, 33). 

C. Output 
Summary of input data, including dollar cal-
culations of costs and benefits (A, pp.  78-79). 
New master improvement list (A, pp.  78-79). 

2. MIL  Selective Dump Program 
Purpose 
To display contents of a selected portion of any 
MIL data set in the data generation group 
(i.e., son, father, grandfather may be dumped). 
Input 

MIL. 
Control cards to select the improvements to 
be displayed. 

C. Output 
Printed MIL improvements that were selected. 
The master improvement list (MIL) is a basic 
data file that contains a description of each 
proposed improvement project and estimates 
of the time stream of costs and user benefits 
associated with the project's implementation. 
The MIL is generated either directly from user 
input, or from a combination of direct input 
and output of the optional user benefit program. 
The MIL represents the user's inventory of sig-
nificant projects under review and, in the con-
text of a continuing transportation development 
process, will be regularly updated. As the PPS 
is applied in Ontario, the MIL contains the 
following information for each improvement to 
be analyzed: 

User benefits (by type) for the base year, the 
horizon year, and up to three intermediate 
years. These benefit estimates can be taken 
from the output of the user benefit program 
or can be input directly into the edit/update 
program by the PPS user. 
Costs for implementing the improvement. 
—Right-of-way cost data (by section). 

ROW width (feet) 
Length of section (miles) 
Intersection requirements (acres) 
Severance requirements (acres) 
Property value ($/ acre) 
Inflation rate for property value 

—Roadway capital construction costs (by 
section). 

Section length (miles) 
Average cost per mile 

—Structure costs (by type of structure). 
Number of structures of this type 
Square feet of deck 
Average cost per square foot of deck 

—Added maintenance cost (by section for 
before and after improvement). 

Length 
Number of lanes 
Average maintenance cost ($/lane 
mile) 

—Salvage value (value remaining for the 
improvement at the end of its facility life). 

Timing of the improvement 
—Lead time (the number of years required 

to complete preparation for right-of-way 
acquisition). 

—Right-of-way time (the number of consecu-
tive years in which expenditures for right-
of-way are required). 

—Construction time (the number of conse-
cutive years in which expenditures for con-
struction are required). 

—Total construction time (the number of 
years from the first expenditure for right-
of-way to the last expenditure for con-
struction); construction may overlap 
right-of-way acquisition, or they may be 
separated by a gap. 

—Mutually exclusive relationships (other 
improvements that cannot be implemented 
if this improvement is implemented). 

—Sequential dependency relationships (other 
improvements that must be implemented 
prior to this improvement). 

—Facility life (the number of years of useful 
life for an improvement). 

Inflate/Discount Package 

The inflate/discount package consists of two computer 
programs, the inflate/discount program and the summary 
of inflate/discount program. This package applies inflation 
and discount rates and the horizon rate (supplied by the 
PPS user) to the information contained in the master 
improvement list (produced by the edit/update package) 
and calculates the present value of each benefit and cost 
stream for each possible start year of an improvement. 
This information, referred to as the working improvement 
list (WIL), is produced in a format that can be input 
directly into the linear programming package. Also, printed 
output can be produced that enables the PPS user to remove 
improvements with low benefit/cost ratios from further 
consideration. The purpose, input, and output of the two 
computer programs are as follows: 

Inflate/Discount Program 
Purpose 
For every possible start year for an improve-
ment in the planning horizon the present value 
of each cost and benefit streams is calculated. 
Input 

MIL (A, pp.  29-3 1). 
Inflation and discount rates, base and horizon 
years, collection date (A, p.  73). 

C. Output 
WIL(A,p.73). 
Control records for the linear programming 
model (A, pp.  93-112). 
Summary of processing by listing all start 
years examined for each benefit or cost for 
each improvement (A, pp.  93-112). 
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The linear programming package includes four programs 
for setting up and executing the linear programming model 
which selects and schedules highway improvements (to 
maximize net benefits) and four programs for producing 
plots and summary tables. The purpose, input, and output 
of these programs are as follows: 

2. Summary of Inflate/Discount Program 
Purpose 
The program reorders the summary of process-
ing of the inflate/ discount program by listing all 
costs and benefits within start years within an 
improvement and calculates benefit/cost ratios 
for each start year for an improvement. 
Input 

WIL. 
Control records. 

C. Output 
Summary of processing (A, pp.  113-1 14). 

Linear Programming Package 

Problem Data Generator/Revisor 
a. Purpose 

To create or revise an existing linear pro-
gramming model. 

h. Input 
Control records from the inflate/discount 
program in order to create LP control rows to 
be mutually exclusive, sequential dependency, 
status of improvements, etc. (A, pp.  123-129). 
Manually inflated/discounted budgets (A, pp. 
74-76). 
User history file (UHF). 
Control cards for problem generation/re-
vision (A, pp.  74-76). 

b. Output 
LP control rows for the LP model. 
Summary of processing. 
UHF. 

IBM Sort/Merge Package 
Purpose 
To sort LP row definition and column data into 
a desired order for MPSX. 
Input 

WIL concatenated with LP control rows as 
produced by the problem generator program. 
LP row definition data. 

C. Output 
MPSX problem data. 

(Note: this program is executed once to 
sort LP row definition data and once for 
column data.) 

3. Control Data Generator Program 
Purpose 
To create the parameters and switches neces-
sary in order to determine the path of logic in 
the MPSX control program. 
Input 
Necessary parameters and switches in order to  

describe the objective row, minimization, nam-
ing conventions on new LP programs, what old 
problems are to be revised, etc. (A, pp.  38, 190). 

C. Output 
Summary of processing. 
MPSX readable control parameters and 
switches. 

4. MPSX 
Purpose 
To solve the linear programming problem asso-
ciated with selecting an optimal set of impr&.'e-
ments. (MPSX is an IBM product. No modifi-
cations were needed to this program product 
because it is very versatile and efficient.) 
Input 

LP control program parameters (A, pp. 
123-129). 
LP program data (row definition and column 
data) (A,pp. 123-129). 
Card LP problem data revisions to existing LP 
problems (A, pp. 123-129). 
Old PROBFILE (a data set containing multi-
LP problems). 
Summary of processing. 

C. Output 
New PROBFILE (old LF problçms Plus new 
LP problems minus any deletions of LP 
problems) (A, pp.  115-116, sec. III (c) p. 
130ff.). 
Scheduled file of improvements (A, pp.  115-
116, sec. III (c) p. 130ff.). 
Nonscheduled file of improvements (A, pp. 
115-116, sec. III (c) p. 130ff.). 
Cost and benefit improvement file (A, pp. 
115-116, sec. III (c) p. 130ff.). 
Parametric budget/benefit file (A, pp. 115-
116, sec. 111(c) p. 130ff.). 
Incremental benefit file (A, pp. 115-116, sec. 
111(c) p.  130ff.). 

Scheduled and Nonscheduled Report Program 
Purpose 
To produce a list of scheduled and non-
scheduled improvements. 
Input (A, pp. 115-116). 

Scheduled file. 
Nonscheduled file. 
Cost and benefit file. 
Incremental benefit file. 
MIL. 
Control cards. 

C. Output 
Scheduled and nonscheduled improvement 
reports. 
A file containing costs and benefits for 
scheduled improvements proportioned to the 
level they are scheduled, as well as costs and 
benefits of nonscheduled improvements. 

6. Cost and Benefit Plot Program 
a. Purpose 

To produce cost and benefit distributions and 
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total benefits versus time for improvements 
(scheduled and nonscheduled). 

b. Input 
Cost and benefit improvement file from MPSX. 

C. Output 
Calcomp or printer plots (A, p.  117). 

Summary Tables Program 
Purpose 
To produce tables of underspent or overspent 
yearly budgets, committed monies for each year 
in planning horizon because of previously 
scheduled improvements with staged costs, free 
monies each year, and benefits generated for 
each year for a particular schedule of improve-
ments. If desired, discounted dollar values can 
be adjusted to the base year for all years. 
Input 

Scheduled file. 
Cost and benefit file. 

C. Output 
Summary report (A, pp. 118-121). 

8. Parametric Budget/Benefit Program 
Purpose 
To graphically demonstrate the total incremental 
benefit obtained by an incremental budget 
addition in each year in the planning horizon. 
Input 
Parametric budget/benefit file. 

C. Output 
Calcomp or printer plot (A, p.  122). 

The user should be aware of the following potential 
difficulties in this package: (1) the sort/merge and MPSX 
programs are proprietary IBM software, and these pro-
grams must be available; and (2) budget constraints must 
be projected in constant-value dollars, discounted in con-
formance with the discount rate used in the infiate/ 
discount subsystem. 

It is not necessary to rerun the entire set of improve-
ments through all parts of the PPS if new proposals are to 
be considered. These updating provisions are particularly 
useful when the PPS is being used as a regularly applied 
tool within a state's programming/decision-making process. 

Updating and deletion of improvements can be per-
formed on the MIL through the edit/update package or 
on the LP problems in PROBFILE through the features in 
MPSX. MIL  changes are made for addition of entirely 
new improvement proposals or removal of proposals from 
consideration for programming. PROBFILE changes will 
be made more frequently for testing the sensitivity of the 
improvement program to changes in information about 
benefits or costs of a particular proposal. 

MARYLAND TEST CASE INPUT DATA 

Figure C-li shows the input data for the test case 
application of the PPS to 26 projects in Maryland. The 
input data format is as described on pages 54 through 73 
of the Priority Analysis-Systems Manual prepared by the 
Ontario Ministry of Transportation and Communications. 
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A 64 54 48120 80 40 35100183150015001500 3604 463326451 47 80120 151400 2929 343 

129 

819791998 
C 	I 762424106L20992415 617 153 9 

5 21412131358 879100816961594 765 
7 15718261265103515141600 884 468 
9 2041729 9611009 84115851454 780 

11 1602011 837 785 734109619161025 
13 11819101066 789682 94312941180 
18 2941854 928 913 68815111703 998 
22 2492605154121301244 683 330 171 
24 40217661404121414861235 920 435 
26 951951 711 734 58314681556 881 
28 1122077213222601592 561 	124 22 
29 2842076 771 	807 85516371107 850 
32 1097 8231687113815111934 919 564 
36 129338127391528 605 241 	140 100 
38 42315041096 985134615561127 447 

D 	195 378 712 18 810 440 3 48 
378 496 712 12 810 440 1 47 
496 905 712 41 710 440 	10 78 
905 996 712 09 810 225 2 60 
000 037 212 04 810 440 101 
037 087 112 05 810 25036 56 

5000 5155 322 15101250 655 
5155 5301 322 15101250 655 
5301 5470 322 17101250 655 
5470 5707 322 24101250 655 
5707 5815 322 11101250 655 
5815 5969 322 15101250 655 
5969 6071 322 11101250 655 
1276 1292 112 021011 250 0 57 
1292 1412 112 121011 25099 60 
1412 1415 112 011011 25099 95 
1415 1677 312 26101250 450 21 
1677 1995 112 32 912 25083 13 
1995 2080 112 8 912 25082 23 
2080 2172 112 91112 25083 20 
2172 2386 312 21101150 450 16 
2386 2397 312 01101150 450 00 
2397 2672 112 28 812 25091 25 
2672 2804 112 13 	812 25091 19 
127621292 312 02101150 455 

2129221412 312 12101150 455 
2141221415 312 01101150 455 
2141521677 312 26101150 455 
2167721995 312 32101150 455 
2199522080 312 08101250 455 
2208022172 312 09101250 455 
2217222386 312 21101250 455 
2238622397 312 01101250 455 
2239122672 312 28101250 455 
22672 2804 312 13101250 455 

1636 1681 313 05101250 455 7 
1681 2244 313 56101250 45 13 
2244 3223 113 981012 25531 15 
3223 3244 113 21012 25531 42 
3244 3436 313 19101250 455 13 
163621681 313 05101250 455 

2168122244 313 56101250 455 
2224423223 313 98101250 455 
2322323244 313 2101250 455 
23244 3436 313 19101250 455 
163641816 313 18101250 455 

4181642286 313 47101250 455 
4228642812 313 53101250 455 
42812 3436 313 62101250 455 

3426 3661 712 24101210 445 6 46 
322 392 712 03 	12 440 1152 

5095551135 722 18101250 655 
000 135 612 13 511 245 2 75 
135 201 612 7 512 245 1 	77 

1005 1055 312 05101250 450 42 
1055 1113 312 06101250 450 23 
1113 1237 212 12 	12 440 64 
1237 1437 312 20121250 445 24 

3 0 1 
227 37 7 
154 32 6 
301 101 17 
332 25 3 
604 239 17 
176 10 3 
54 17 9 

215 98 11 
374 120 	6 
4 5 6 

425 242 14 
179 27 2 
37 12 5 

530 179 14 

Figure C-Il. Maryland test case input data. 
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100541437 312 25101250 455 23352 3426 312 8101250 655 1 20 
0313 0770 311 46101250 455 27 1049 	1148 312 10 81250 455 17 
0770 1193 311 42 81250 455 10 1148 	1240 312 09 81250 455 16 
1193 	1144 311 55101250 455 07 1260 	1263 312 2 81250 455 18 
1744 1894 311  15 81250 455 16 1263 	1722 312 46101250 655 15 
031320770 311 46101250 655 27 104921148 322 10101250 655 

2077021193 311 42101250 655 10 2114821240 322 09101250 655 
2119321744 311 55101250 655 07 2124021263 322 2101250 655 
21744 1894 311 15101250 655 16 21263 	1722 322 46101250 655 

087 	097 712 01 	1210 640 1112 1632 	1741 112 111212 25029 189 
097 	333 612 24 610 245 2 55 1741 	1844 112 151012 25023 89 
333 	370 712 4 	1310 445 1138 1844 1888 112 041012 25023 61 
370 	407 712 4 	1310 445 1 	51 163241741 312 11121250 450 
407 	681 612 27 811 245 1 43 4174141844 312 15121250 450 
681 	926 712 24 411 245 33 41944 	1888 312 04121250 450 
087 2C97 712 01 	1210 635 112 163261741 312 11121250 655 

2097 2333 712 24 	1210 650 55 6114161844 312 15121250 655 
2333 2370 712 4 	1210 650 138 61844 1888 312 04121250 655 
2370 2407 712 4 	1210 650 51 1346 0000 412 7101250 655 5 
2407 2681 712 27 	1210 450 43 0000 0014 412 01 81210 445 2 39 
2681 	926 712 24 	1210 450 33 0014 0227 612 21 812 25050 [9 
000 	340 112 34 612 25099 26 0227 0293 612 01- 512 25050 1 63 
340 	481 112 14 612 25095 43 0293 0343 612 051012 25050 93 

481 	674 112 20 612 25099 19 0343 0397 612 051012 25050 1 	49 

000 2340 3L2 34101210 455 0397 0521 612 131012 25050 30 

2340 2481 312 14101210 455 0521 0628 612 111012 24550 1 	56 

2481 	674 312 20101250 455 0628 0716 612 09 812 24550 21 

0044 0104 113 06 510 23010 0716 0736 712 02 	41210 450 39 

0104 0464 113 36 510 25070 28 0736 0826 422 09101210 450 05 

0464 0498 113 03 	11 23010 74 134640250 422 25101250 455 

0498 0575 113 08 	12 23010 41 4025040420 422 17101250 455 

0575 0733 113 08 211 25060 20 4042040560 422 14101250 455 

1082 	1122 113 4 410 23530 29 4056040700 422 14101250 455 

1122 	1155 113 3 	9 23010 4070040760 422 06101250 455 

1155 	1175 113 2 	812 23010 40760 0826 422 09101250 455 

1813 	151 113 4 	211 23510 134660250 422 25101250 455 

1851 2000 113 15 210 23513 27 6025060420 422 17101250 455 

2000 2271 113 27 210 23513 93 60420060 422 14101250 455 

2271 	2380 113 11 	410 23535 97 6056060700 422 14101250 455 
004430104 113 04 	12 23099 6070060760 422 06101250 455 

3010430464 113 36 	12 25099 60760 0826 422 09101250 455 
3046430498 113 03 	12 23050 0000 0281 422 28101250 655 5 
3049830575 113 08 	12 23050 0281 0452 422 17101250 655 6 
30575 0733 113 08 	12 25050 2020 2456 311 44121250 455 10 

108211122 113 04 	12 23599 2456 2481 111 3 212 24510 129 
1112211155 313 03 	1210 440 2481 	2565 111 8 	U 24510 06 
11155 	1175 313 02 	1210 440 0000 0083 111 8 	11 24510 00 

181330200 113 20 	12 25099 0083 0141 311 6 	1210 445 05 
30200 2380 113 28 	12 25099 0141 0174 311 3 	1210 445 33 
0000 0011 512 01 212 44050 1 	82 0174 0189 311 2101210 450 82 
0011 0046 512 04 212 44050 1 	56 0189 0212 311 2101250 455 106 
0046 0227 512 181012 24050 4 93 0212 0248 311 4101250 455 79 
0227 0257 512 03 	211 24050 2461 0248 0382 311 13101250 455 33 
0257 0292 712 04 812 44050 1115 0382 0517 311 14101250 455 6 
0292 0322 712 03 	12 44050 1152. 0517 0807 311 29101250 455 3 
000040192 312 19101250 455 202040600 311 60101250 455 

40192 0392 312 20101250 455 4060040800 311 20101250 455 
0574 0642 111 13 	12 25064 40800 0807 311 18101250 455 
0642 0664 111 2 	12 25080 lb 3039 3129 111 091011 25057 01 
0664 0678 511 2 	312 245 1 3129 3222 111 091011 25040 14 
0678 0764 311 9 	1210 445 1 42 3222 3330 111 111011 25040 57 
0764 0805 311 410 950 445 8 3330 3611 111 281011 25053 15 
0805 	[111 111 311012 25093 18 3611 3784 111 171011 25053 42 
057440824 311 25101250 455 303940090 311 09101250 455 

40824 1111 311 32101250 455 4009040190 311 10101250 455 
2406 2546 312 14 81256 445 26 4019040220 311 03101250 455 
2546 2668 312 12 41250 445 12 4022040470 311 25101250 455 
2668 2718 312 5 41250 445 34 40470 3784 311 18101250 455 
2718 2962 312 24 41250 445 5 241  1772 	1787 111 02 812 25041 19 
2962 3012 312 05101250 455 371  1787 	1802 111 01 812 25046 17 
3012 3222 312 2110125C 455 1 	19 177240015 221 021012 450 
3222 3352 312 13101250 455 1 	21 40015 1802 221 011012 450 
3352 3426 312 8101250 455 1 	201 1189 1480 311 29 81250 450 19 
240622546 312 1410125C 645 2& 1480 1487 311 01 	1150 640 2120 

2254622668 312 12101250 645 12 1487 1600 711 11 	1210 635 4 89 
2266822718 312 5101250 645 34 118940190 311 19 	1250 455 
2271822962 312 24101250 645 5 24 4019040260 311 07 	1250 455 
2296223012 312 05101250 655 37$ 4026040340 311 08 	1250 455 
2301223222 312 21101250 655 A 	14. 40340 1600 311 03 	1250 455 
2322223352 312 13101250 655 1 	21 .0000 0040 712 04 	1210 435 2 

Figure C-li. Continued 
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0040 0240 712 20 	1210 435 4 4148741687 422 04101250 455 
0240 0430 712 19 	1010 430 5 4168741787 422 10101250 455 
0430 0480 712 05 	1510 430 I 4178741957 422 17101250 455 
0480 0670 712 17 	1512 430 1 4195742087 422 13101250 455 
0670 0980 112 31 	1u Z30LU 1 4208742227 422 14101250 455 	- 
0980 0990 712 01 	1112 430 1238 4222742317 422 09101250 455 
0993 1080 112 09 810 23010 1 36 4231742557 422 24101250 455 
000050040 722 04101210 655 42557 3145 422 24101250 455 

5004050270 722 23101210 655 1957 0170 322 17101250 455 
5027050610 722 34101210 655 0170 0260 322 09101250 455 
5061050680 722 07101210 655 0260 2227 322 08101250 455 
5068050790 722 11101210 655 100451487 422 48101250 655 
50790 1080 722 23101210 655 5148151687 422 04131250 655 
0762 0842 112 08 812 25034 39 5168751787 422 10101250 655 
0842 1152 112 31 	710 23595 56 5178751957 422 17101250 655 
1152 	1186 112 031012 25094 23 5195752087 422 13101250 255 
1186 1496 112 311012 23513 22 5208752227 422 14101250 655 
1496 1500 112 41012 23510 358 5222752317 422 09101250 655 
1500 1579 112 81012 25010 24 5231152557 422 24101250 655 
1579 1667 112 91012 250 9 24 52557 3145 422 24101250 655 
1667 	1930 112 261012 25016 27 2019 2096 512 021012 430 1 66 
076240400 312 40101250 455 2096 2170 512 07 	12 23010 2 50 

4040040700 312 30101250 455 2170 2205 512 04 	11 430 2 35 
40700 1930 312 27101250 455 2205 2236 512 03 	11 430 2 58 
0519 0740 112 22 812 25010 48 2236 2280 512 04 	12 23010 1 	58 
0740 0916 112 18 	812 25015 23 2280 2289 512 01 	12 440 1241 
0916 	1039 112 12 	12 23010 85 2289 2428 512 14 	12 445 2 53 
1039 	1072 112 03 812 230 9 30 2428 2468 512 041012 445 1 	12 
1072 	1081 112 01 	812 23010 2468 2494 512 03 	12 440 1111 
1081 	1347 112 27 812 25024 11 2494 2692 512 20 510 24010 2 51 
1347 1432 112 09 	12 23010 84 2692 2712 512 021012 24010 1 	34 
1432 	1475 112 04 812 250 9 2712 2962 512 25 	310 24010 1 	43 
51933120 112 12 812 25099 2962 3011 512 05 310 24010 1 	42 

3012030680 112 50 812 25099 3011 	3212 112 20 510 24030 14 
3068031010 112 39 812 25099 3212 	3312 112 10 610 24030 25 
31010 1475 112 04 812 25099 3312 3631 112 32 	12 24030 42 

51940120 312 12 81250 450 3631 	3665 112 03 510 24030 142 
4012040680 312 50 81250 450 3665 3812 112 15 	510 24330 23 
4068041010 312 38 81250 450 3812 3863 512 05 	11 24010 1 39 
41010 	1475 312 04 81250 450 3863 3932 512 011012 440 1 	14 
0626 0905 722 28101250 455 12 3932 4012 512 081012 435 1 	3 
0905 1238 722 33101250 455 10 4012 4048 512 041012 435 1 32 
1238 	1436 722 20101250 455 8 4048 4084 512 04 	12 635 1 	12 
1436 1524 722 09101250 455 11 40d4 4109 512 03 	12 635 1 	32 
1524 1545 722 02101250 455 12 4109 	4131 512 02 	12 435 1 	55 
1545 1619 722 07101250 455 04 4131 	4180 512 05 	12 23010 1 	86 
1619 	1667 722 05 	1250 655 10 4180 	4190 512 01 	12 23010 1 	92 
062620905 722 28101250 655 4190 4220 512 03 	12 23010 1101 

2090521238 722 33101250 655 4220 4245 512 02 	10 435 1106 
2123821436 722 20101250 655 4245 4259 512 01 	12 23510 1 	31 
2143621524 722 09101250 655 4259 4371 512 11 	812 24010 4 70 
2152421545 722 02101250 655 4371 4451 512 08 812 24010 1 	56 
2154521619 722 07101250 655 0391 0564 422 17101250 655 04 
21619 1667 722 05 	1250 655 0564 0673 422 11101250 255 17 

1521 	1642 111 12 812 23550 19 0673 0831 422 16101250 655 10 
1642 1656 111 1 512 23550 00 0831 	1054 422 22101250 855 08 
1656 	1686 111 3 512 23550 00 1054 	1198 422 14101250 855 08 
1686 	1695 111 1 512 23550 00 1198 	1263 422 07101250 855 05 
0000 0179 111 18 812 23583 39 1263 	1421 422 16101250 855 06 
152141525 311 4101250 455 1421 1449 422 03101250 855 07 

4152541691 311 13101250 455 1449 	1561 422 11101250 855 09 
41691 0179 311 23101250 455 1561 	1694 422 13101250 855 10 

1004 1487 112 481012 25099 1694 	1772 422 08101250 855 04 
1487 	1525 112 41012 25099 1772 	1920 422 0101250 855 04 
1525 	1540 612 2 812 445 1130 1823 	1901 422 09101250 855 07 
1540 1609 612 7 	12 445 30 1901 2000 422 09121250 855 11 
1609 	1647 612 4 	12 445 79 207950070 422 07101250 655 
1647 	1719 612 7 	12 445 53 5007050280 422 21101250 655 
1719 	1743 612 2 812 24550 1 	36 5028050690 422 41101250 655 
1743 	1828 612 7 812 24550 1126 5069350960 422 27101250 655 
1828 	1878 112 5 	812 24050 128 5096051230 422 27101250 655 
1878 	2143 112 21 	812 25038 36 5123051500 422 27101250 655 
2143 2373 422 23101250 455 5150051620 422 12101250 655 
2373 2493 112 11 	310 24025 76 5162051750 422 13101250 655 
2483 2658 112 17 	310 24025 76 5175051960 422 21101250 655 
2658 2164 112 11 	310 24025 45 51960 4451 422 24101250 655 
2764 2793 112 03 	812 24025 0 E 	1 	260 
2793 2846 112 05 812 24025 22 
2846 3145 112 30 510 24025 36 
100441487 422 48101250 455 
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48 12 	195 	378 46031106233 6 6 4 4 162992690502 
41 378 	496 39807 97011 6 6 4 4 162588630602 

78 496 	905 29554 72024 6 6 4 4 161921468102 
60 905 	996 28347 59084 6 6 4 4 161843384002 

101 22 	000 	037 15442 36293 7 	7 6 6 716 
56 037 	087 10654 25039 7 	7 6 6 716 

11 	195 	378 23015 53117 6 6 4 4 161496345302 

378 	496 19904 53117 6 6 4 4 161294315302 
496 	905 14717 36012 6 6 4 4 16 961234102 
905 	996 14114 29542 6 6 4 4 16 921192002 

21 	000 	031 7121 18147 7 7 6 6 716 
037 	087 5327 12520 7 7 6 6 716 

1 5000 5155 23000 85000 6 6 4 4 716 
5155 5301 19900 85000 6 6 4 4 716 
5301 5470 1483C 85000 6 6 4 4 716 
5470 5107 14200 28000 6 6 4 4 716 
5107 	5815 14200 28)00 6 6 4 4 716 
5815 5969 14200 28000 6 6 4 4 716 
5969 6071 5300 15000 7 7 6 6 716 

E 2 52-40 
57 12 1276 1292 11983 34355 1010 3 3 516 
60 1292 	1412 11983 32891 1010 3 3 516 
95 1412 	1415 19202 53105 1010 3 3 516 
21 1415 	1677 19202 53105 1010 3 3 516 
13 1617 1995 19202 53105 1010 3 3 516 
23 1995 2080 11026 30493 1010 3 3 516 
20 2080 2172 8920 24668 1010 3 3 516 
16 2172 	2386 8920 24668 1010 3 3 516 
30 2386 2391 3858 2447 1010 3 3 516 
25 2391 2672 8858 24497 1010 3 3 516 
19 2672 2904 8672 23983 1010 3 3 516 

1 	127621292 11983 34355 1010 3 3 516 
2129221412 11893 32891 1010 3 3 516 
2141221415 19202 53105 1010 3 3 516 
2141521671 19202 53105 1010 3 3 516 
2167721995 19202 53105 1010 3 3 516 
2199522080 11026 30493 1010 3 3 516 
2208022172 8920 24668 1010 3 3 516 
2217222366 8920 24660 1010 3 3 516 
2238622397 8858 24491 1010 3 3 516 
2239722672 3858 24491 1010 3 3 516 
22672 2804 8672 23983 1010 3 3 516 

31 240 
7 12 	1636 	1681 11545 34932 1212 8 8 2616 

13 1681 2244 11545 34932 1212 8 8 2616 
15 2244 3223 8544 25851 1212 8 8 2616 
42 3223 3244 6186 18717 1212 8 8 2616 
13 3244 3436 5838 17814 1212 8 8 2616 

11.1636 	1681 1545 3032 1212 8 8 2616 
1681 2244 1545 3032 1212 8 8 2616 
2244 3223 1544 2951 1212 8 8 2616 
3223 3244 1544 2951 1212 8 8 2616 
3244 3436 1598 3014 1212 8 8 2616 

1 	163641816 10000 31900 1212 8 8 2616 
4181642286 10000 31900 1212 8 8 2616 
4228642812 7000 22900 1212 8 8 2616 
42812 3436 4300 14800 1212 8 8 2616 

8 4 260 
46 12 3426 3661 49625130016 2 2 8 8 181529777801 	2 
75 22 	000 	135 17279 33835 5 	5 1 1 181510382030 2 
17 135 	201 16766 32830 5 5 1 1 1815 9461970 2 
46 11 3426 3661 24812 65C08 2 2 8 8 181514893901 	2 
75 21 	000 	135 8640 16918 5 5 1 1 1815 	5181015 	2 
77 135 	201 8383 16415 5 5 1 1 1815 503 985 2 

1509551135 9595 29030 2 2 8 8 1815 5151742 2 
E 5 240 

12 1005 1055 14518 43927 7 7 2 2 516 
1055 1113 16475 49848 	. 7 7 2 2 516 
1113 1237 16475 49848 7 7 2 2 516 
1237 1437 37622113828 7 	7 2 2 516 

11 	1005 1055 7518 23921 7 	7 2 2 516 
1055 	1113 9475 29848 7 7 2 2 516 
1113 	1231 9475 29848 7 7 2 2 516 
1237 	1437 30622 93828 7 7 2 2 516 

1 100541437 1000 20000 7 7 2 2 516 
E 6 540-60 

12 0313 0770 26363 74234 9 	91111 2220 
0770 1193 29223 82288 9 	91111 2220 
1193 	1744 21140 59528 . 	9 	91111 2220 
1744 1894 21140 59528 9 91111 2220 
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1 031320770 26363 74234 9 91111 2220 
2077021193 29223 82288 9 91111 2220 
2119321744 21140 59528 9 91111 2220 
21744 1894 21140 55528 9 91111 2220 

7 52-41) 
112 12 	087 077 22075 53757 6 6 2 2 51615463766 2 

55 097 333 U09 44b' 6 6 2 2 51615493148 2 
138 333 370 25307 51404 6 6 2 	2 51617723598 2 
51 370 407 21941 44566 6 6 2 2 51615363120 2 
43 407 G8L 17394 35331 6 6 2 	2 51612172473 2 

33 681 926 91)90 18463 6 6 2 	2 516 6361292 2 

112 1 	087 2097 22015 53757 6 6 2 	2 51615463766 2 

55 2097 2333 22139 44969 6 6 2 	2 51615493148 2 

138 2333 2370 25307 51404 6 6 2 2 51617723598 2 

51 2370 2407 21941 4456 6 6 2 2 51615363120 2 

43 2401 2681 17394 35331 6 6 2 2 51612172473 2 

33 2681 926 9090 18463 6 6 2 2 516 6366292 2 

E 	8 52-40 
12 	000 340 14441 50404 3 3 2 2 516 

340 481 14395 29239 3 3 2 2 516 
481 674 14355 29239 3 3 2 2 516 

1 	000 2340 14441 50404 3 3 2 	2 516 
2340 2481 14395 29239 3 3 2 2 516 
2481 674 14395 29239 3 3 2 2 516 

E 	9 221 
12 0044 0104 6472 16353 8 8 2 2 120 

0104 0464 4376 11057 8 8 2 2 120 
0464 0498 4376 11057 8 8 2 2 120 
0490 0575 4376 11057 8 8 2 2 120 
0575 0733 4376 11057 8 8 2 2 120 

22 1082 1122 5986 15127 8 8 2 2 120 
1122 1155 5986 15127 8 8 2 2 120 

1155 1175 5986 15127 8 8.2 2 120 
32 1813 1851 6330 10443 8 8 2 2 120 

1851 2000 6330 10443 8 8 2 2 120 
2000 2271 4076 4740 8 8 2 2 120 
2271 2380 4Z 6  ZZ 8 8 2 2 120 

31 	1813 1851 4133 6843 8 8 2 2 120 
1651 2000 4133 6843 8 6 2 2 120 
2000 2271 1876 1140 8 8 2 2 120 
2271 2380 2066 1622 8 8 2 2 120 

1 004430104 6472 16353 8 8 2 2 120 
3010430464 4376 11057 8 8 2 2 120 
3046430498 4376 11057 8 8 2 2 120 
3049830575 4376 11057 8 8 2 2 120 
30575 0133 4376 11057 8 8 2 2 120 

108211122 5986 15127 8 8 2 2 120 
1112211155 5986 15127 8 8 2 2 120 
11155 1175 5986 15127 8 8 2 2 120 
181330200 2200 3600 8 8 2 2 120 

30200 2380 2200 3600 8 8 2 2 120 
10 240 

12 0030 0011 18201 35639 8 0 1 	1 182013312548 
0011 0046 18201 35639 8 8 1 	1 182013012548 
0046 0227 25205 49354 8 8 1 	1 182018013529 
0227 0257 21772 42632 8 8 1 	1 182015573048 
0257 0292 23512 63863 8 8 1 	1 182016814566 2 
0292 0322 26757 72678 8 8 1 	1 182019135196 

322 392 26757 72678 0 8 1 	1 182019135196 
11 0000 0011 18201 17820 8 8 1 	1 182013011274 

0016 0046 18201 17820 8 8 1 	1 182013011274 2 
0046 0221 25205 24671 8 8 1 	1 182018011764 
0221 0257 21772 21316 8 8 1 	1 182015511524 2 
0257 0292 23512 31932 8 8 1 	1 182016012283 
0292 0322 26757 36339 8 8 1 	1 182019132598 2 

322 392 26757 36339 8 8 1 	1 102019132598 
1 000040192 22000 45300 8 8 1 	1 1820 
40192 0392 22000 45000 8 8 1 	1 1820 

E 	11 24D 
12 3574 0642 7555,16760 7 7 6 6 3620 

0642 0664 8014 16083 7 7 6 6 3620 
066* 0D78 9242 19471 7 7 6. 	6 3620 443 935 2 
0678 0764 9013 18990 7 7 6 6 3620 
0764 0805 8540 17992 7 7 6 6 3620 
0805 1111 8522 17954 7 7 6 6 3620 

11 	0574 0642 5639 5760 7 7 6 6 3620 
0642 0664 5698 5883 7 7 6 6 3620 
0664 0678 6928 8411 7 7 6 6 3620 443 407 2 

0610 0764 6697 7990 7 7 6 6 3620 
0764 0805 6224 6992 7 7 6 6 3620 
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0805 	1111 6206 	6954 7 7 6 6 	3620 
1 057440824 2316 11000 7 7 6 6 	3620 
40824 	1111 2316 11100 1 1 6 6 	3820 

6 	12 540-60 
26 12 2406 2546 44486116553 4 4 2 2 	181626917051 
12 2546 2688 48992128357 4 4 2 2 	181629647766 
34 2668 2718 48992128357 4 4 2 2 	181629647766 
24 2719 2962 50116131303 4 4 2 2 	181630327944 2 
37 2962 3012 51441134175 4 42 2 	181631128154 
19 3012 3222 50839133198 4 4 2 2 	181630768058 
21 3222 3352 50713132867 4 4 2 2 	181630688038 2 
20 3352 3426 51564135096 4 4 2 2 	181631208173 2 
26 1 240622546 44486116553 4 4 2 2 	181626917051 
12 2254622668 48992128357 4 4 2 2 	18162 964 7766 2 
34 2266822718 48992128357 4 4 2 2 	181629647766 2 
24 2271822962 50116131303 4 4 2 2 	181630327944 2 
37 2296223012 51441134775 4 4 2 2 	181631128154 2 
19 2301223222 50839133198 4 4 2 2 	181630768058 2 
21 2322223352 50713132867 4 4 2 2 	181630688038 2 
20 23352 3426 51564135096 4 4 2 2 	181631208173 2 

6 	13 54D-b0 
12 1049 	1148 56340147610 9 9 5 5 	2420 

1148 1240 56340147610 9 9 5 5 	2420 
1240 1263 39438103327 9 9 5 5 	2420 
1263 	1722 38128 99985 9 9 5 5 	2420 

1 	104921148 56340147610 9 9 5 5 	2420 
2114821240 56340147610 9 9 5 5 	2420 
2124021263 39438103327 9 9 5 5 	2420 
21263 	1722 38128 99985 9 9 5 5 	2420 

E 	141 52-40 
189 12 1632 	1741 7725 23374 6 6 1 1 	1816 
89 1741 1844 16412 49657 6 6 1 1 	1816 
61 1844 	1888 11273 52261 6 6 	1 1 	1816 

1 	163241741 7725 23374 6 6 	1 1 	1816 
4174141844 16412 49657 6 6 	1 1 	1816 
41844 1888 17273 52261 6 6 	1 1 	1816 

E 	142 54-60 
12 	163241741 7725 23374 6 6 	1 1 	1816 

4174141844 16412 49657 6 6 	1 1 	1816 
41644 1888 17273 s2261 6 6 	1 1 	1816 

1 	163261741 7725 23374 6 6 	1 1 	1816 
6174161844 16412 49657 6 6 1 1 	1816 
61844 	1888 17273 52261 6 6 	1 1 	1816 

6 	151 240 
12 1346 0000 15096 45673 7 7 4 4 	3816 8302507 2 

39 0000 0014 15096 4573 7 7 4 4 	3816 8302507 2 
18 0014 0227 18731 56674 7 7 4 4 	381610303110 2 
63 0227 0293 17043 51567 7 7 4 4 	3316 9372829 2 
93 0293 0343 17043 51567 7 7 4 4 	3316 9372829 2 
49 0343 0397 15552 30451 7 7 4 4 	3816 8551675 2 
30 0397 0521 13879 27177 7 7 4 4 	3816 731495 2 
56 0521 	0628 12441 	24361 7 7 4 4 	316 6841340 2 
21 0628 0716 15161 	44254 7 7 4 4 	3816 8342434 2 
39 0716 	0736 18209 68231 7 7 4 4 	381610013753 2 
05 0736 0826 8265 20886 7 7 4 4 	3916 4551149 2 
05 22 	0 	281 84052165160 6 6 4 4 	38165463999 
06 281 	452106347187450 6 6 4 4 	38166912999 

11 	1346 	0 4361 	11418 7 7 4 4 	3816 830 628 2 
39 0 	14 4361 	11418 7 7 4 4 	3816 830 628 2 
18 14 	227 5411 	14169 7 1 4 4 	38161030 779 2 
63 227 	293 4923 12892 7 7 4 4 	3816 937 709 2 
93 293 	343 4923 12892 7 7 4 4 	3816 937 709 2 
49 343 	397 4492 	7612 7 7 4 4 	16 855 419 2 
30 397 	521 4009 	8794 7 7 4 4 	16 	763 373 2 
56 521 	628 3595 60904 7 7 4 4 	16 684 335 2 
71 628 	716 4380 11064 7 7 4 4 	18 834 608 2 
39 716 	736 5260 57231 7 7 4 4 	1610023148 2 
05 736 	826 2388 	5848 7 7 4 4 	3816 4554950 2 

21 	0 	281 65052138160 6 6 4 4 	381639039500 2 
281 	452 87347160450 6 6 4 4 	381658429500 2 

1 134640250 30000 90000 7 7 4 4 	381616504950 2 
4025040420 30000 90000 7 7 4 4 	381616504950 2 
4042040560 30000 90000 7 7 4 4 	381616504950 2 
4056040700 30000 90000 7 7 4 4 	381616504950 2 
4070040760 30000 90000 7 7 4 4 	381616504950 2 
40760 0626 30000 90000 7 7 4 4 	381616504950 2 

E 	152 540-60 
12 134640250 30000 90000 7 7 4 4 	381616504950 2 

4025040420 30000 90000 7 7 4 4 	381616504950 2 
4042040560 30000 90000 7 7 4 4 	381616504950 2 
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4056040100 30000 90000 7 7 4 4 381616504950 2 
4070040760 30000 90000 7 7 4 4 3131615504950 2 
40760 0826 3000C 90300 7 7 4 4 381616504950 2 

I 134660253 30000 90000 7 7 4 4 381616534950 2 
6025060420 33000 90300 7 7 4 4 381616504950 2 
b04U6U)b0 30000 90000 7 7 4 4 381616504950 2 
6056060700 30000 90300 7 7 4 4 381616504953 2 
6070060760 30000 90000 7 7 4 4 381616504950 2 
60760 0826 30030 90000 7 7 4 4 381616504950 2 

F 	16 240 
12 2020 2456 16166 45521 5 5 4 4 2220 

2456 2481 16166 45521 5 5 4 4 2220 
2481 2565 16166 45521 5 5 4 4 2220 
0000 0083 17907 50423 5 5 4 4 2220 
0083 0141 17907 50423 5 5 4 4 2220 
0141 	0174 17907 50423 5 5 4 4 2220 
0174 0189 17907 50423 5 5 4 4 2220 
0189 0212 17907 50423 5 5 4 4 2220 
0212 0248 21123 76374 5 5 4 4 2220 
0248 0382 29362 82680 5 5 4 4 2220 
0382 0511 22494 63340 5 5 4 4 2220 
0511 0801 22494 63340 5 5 4 4 2220 

11 2020 2456 16166 15521 5 5 4 4 2220 
2456 2481 5516 15521 5 5 4 4 2220 
2481 2565 5516 15521 5 5 4 4 2220 
0000 0083 7257 20423 5 5 4 4 2220 
0083 0141 7157 20423 5 5 4 4 2220 
0141 0174 7257 20423 5 5 4 4 2220 
0174 0189 7251 20423 5 5 4 4 2220 
0189 0212 7257 20423 5 5 4 4 2220 
0212 0248 16473 46314 5 5 4 4 2220 
0248 0382 18712 52680 5 5 4 4 2220 

50190 1080 35030 70000 4 4 0 0 131517333465 2 

F 	21 240 
39 12 0762 0842 14876 39666 3 3 	1 1 1120 

56 0842 	1152 14175 31137 3 3 	1 1 1120 

23 1152 	1186 17525 47602 3 3 1 1 1120 

22 1166 	1496 17525 47602 3 3 	1 1 1120 

355 1496 	1500 11477 31176 3 3 	1 1 1120 

24 1500 	1579 11477 31176 3 3 	1 1 120 

24 1579 	1667 11477 31176 3 3 	1 1 1120 

27 1667 1930 11417 31116 3 3 1 1 1120 

39 11 0762 0842 9876 24686 3 3 	1 1 1120 

56 0842 1152 9115 16137 3 3 	1 1 1120 

23 1152 	1186 12525 32602 3 3 	1 1 1120 

22 1156 1496 12525 32602 3 3 	1 1 1120 

358 1496 1500 6477 16176 3 3 	1 1 1120 

24 1500 1579 6477 16176 3 3 1 1 1120 

24 1579 1661 6477 16176 3 3 1 1 1120 

27 1667 1930 6477 16176 3 3 	1 1 1120 
1 076240400 5000 15000 3 3 1 1 1120 

4040040700 5000 15000 3 3 	1 1 1120 
40700 1930 5030 15000 3 3 	1 1 1120 

221 221 
48 12 0519 0740 7422 37443 7 7 6 6 716 

23 0740 0916 11319 39505 7 7 6 6 716 
55 0916 1039 11291 39409 7 7 6 6 716 

30 1039 1012 11189 39051 7 7 6 6 716 
1072 	1081 11189 39051 7 7 6 6 716 

11 1081 1347 9604 33520 7 7 6 6 716 

84 1347 1432 9262 32326 7 7 6 6 716 
1432 1475 9367 32694 7 7 6 6 716 

48 11 	519 	740 1422 12443 7 7 6 6 716 

23 740 	916 6319 19505 7 7 6 6 716 

85 916 1039 6291 19409 7 7 6 6 716 
30 1039 1072 6189 19051 7 7 6 6 716 

1072 	1081 6189 19051 1 7 6 6 716 

11 1081 1347 4604 13520 7 7 6 6 716 
84 1347 1432 4262 12326 7 7 6 6 716 

1432 1475 4367 12694 7 7 6 6 716 
1 	51930120 6000 25000 7 7 6 6 716 

3012030680 5000 20000 7 7 6 6 716 
3068031010 5300 20330 7 7 6 6 716 
31010 1475 5000 20000 7 7 6 6 716 

E 	222 52-40 
12 	51930120 6000 25000 7 7 6 6 716 

3012030680 5000 20000 7 7 6 6 716 
3068031010 5000 20000 7 7 6 6 716 
31010 1475 5000 20000 7 7 6 6 716 

1 	51940120 6000 25000 7 7 6 6 716 
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4012040680 5000 20000 7 7 6 6 	716 
4068041010 5000 20000 7 7 6 6 	716 
41010 	1475 5000 20000 7 7 6 6 	716 

E 21 	540-60 
12 0626 0905 43282113359 5 5 3 3 	291623806237 2 

0905 1238 44549116718 5 5 3 3 	291624506420 2 
1238 	1436 56585148252 5 5 3 3 	291631128145 2 
1436 1524 71773188043 5 5 3 3 	291639479999 2 
1524 1545 62967147983 5 5 	3 3 	291634648139 2 
1545 	1619 52193122663 5 5 3 3 	291628706746 2 
1619 	166? 52193122663 5 5 3 3 	291628706746 2 

I 0626209)5 43282113398 5 5 3 3 	291623806237 2 
2090521238 44549116718 5 5 3 3 	291624506420 2 
2123821436 56585148252 5 5 3 3 	291631128154 2 
2143621524 71773188043 5 5 	3 3 	291639479999 2 
212421545 62967147983 5 5 3 3 	291634648139 2 
2154521619 52193122663 5 5 3 3 	291628706746 2 
21619 	1667 52193122663 .5 5 3 3 	291628706746 2 

E 24 	240 
12 	1521 	1642 10570 29764 9 9 8 8 	2220 

1642 1656 10570 25764 9 9 8 8 	2220 
1656 	1686 10570 29764 9 9 8 8 	2220 
1686 	1695 10570 29764 9 9 8 8 	2220 
0000 0179 10570 25764 9 9 8 8 	2220 

11 	1521 	1642 2370 	4764 9 9 8 8 	2220 
1642 	1656 2370 	4764 9 9 8 8 	2220 
1656 	1686 2370 	4764 9 9 8 8 	2220 
1686 	1695 2370 	4764 9 s 8 8 	2220 
0000 0179 2370 	4764 9 9 8 8 	2220 

1 	152141525 8200 25000 9 9 8 8 	2220 
4152541691 8200 25000 9 9 8 8 	2220 
41691 0179 8230 25000 9 9 8 8 	2220 

252 540-6D 
12 100441487 10000 30000 8 8 3 3 	2920 

4148741687 13000 30000 8 8 3 3 	2920 
4169741787 10000 30000 8 8 3 3 	2920 6501950 2 
4173741957 10000 30000 8 8 3 3 	2920 
4195742087 10030 30000 8 8 3 3 	2920 
4208742227 10000 30000 8 8 3 3 	2920 
4222742317 13000 40000 8 8 3 3 	2920 
4231742557 13000 40000 8 8 3 3 	2920 
42557 3145 13000 40000 8 8 3 3 	2920 

1 100451487 10000 30000 8 8 3 3 	2920 
5148751687 10000 30000 8 8 3 3 	2920 
5169751787 10000 30000 8 8 3 3 	2920 6501950 2 
5178751957 10000 30000 8 8 3 3 	2920 
5195752087 10000 30000 8 8 3 3 	2920 
5208752227 10000 30000 8 8 3 3 	2920 
5222752317 13000 40000 8 8 3 3 	2920 
5231152557 13000 40000 8 8 3 3 	2920 
52557 3145 13000 40000 8 8 3 3 	2920 

Edit/Update Program 

1 26D 108 1 1 
4 	1 3 423 I 2 

1 3 
ALL. 1 	 12 68509259 1086391940 1977 1 1231 

13812 410 	 0 3168 1977 1 1501 
1 5240 153 2 1 

2 	1 2 320 2 2 
2 3 

ALL 3 	 12 4 388235 153 1977 2 1201 
1531L 210 U 3168 	15312 410 	 D 	5168 1977 2 1501 
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4 1 3 420 5 2 
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APPENDIX D 

MANUAL FOR THE ENERGY IMPACTS OF 
TRANSPORTATION ACTIONS 

INTRODUCTION 

Purpose 

Officials in states are currently faced with the develop-
ment uf plans to reduce the amount of energy consumed 
throughout the state. The 1975 Energy Policy and Con-
servation Act has authorized funds to carry out the State 
Energy Conservation Plans. In order to receive the 
Federal funds for implementation of these plans, the 
Governor of the state must first submit to the Federal 
Energy Administration (FEA) a feasibility report that will 
include an assessment of the feasibility of saving 5 percent 
of the state energy consumed by 1980, and a preliminary 
list of programs and activities to be included in the pro-
posed plan (along with the estimated costs of implementing 
the plan).,  FEA will allocate funds to assist the states in 
preparing the plans. 

A state's plan must include the following: (1) mandatory 
lighting standards for non-Federal public buildings; (2) 
programs to encourage the use of carpools, vanpools, and 
public transportation; (3) energy standards and policies to 
govern state procurement; (4) mandatory thermal-effici-
ency and insulating standards for new and renovated 
buildings; and (5) a traffic law permitting a right turn at 
red lights, after stopping. FEA has published several docu-
ments to aid the states in preparing these plans. 

This manual provides alternative approaches to the state 
transportation planner for estimating energy reductions for 
the use of carpools, vanpools, and public transportation. 
It is designed to complement work done by the FEA and 
other Federal and state agencies. 

Organization of the Manual 

This manual first presents an overview of the key issues 
in transportation energy conservation, the range of trans-
portation actions, and the impacts and related techniques 
for estimating these impacts. An overview of the focus of  

this manual is also presented. A subsequent section dis-
cusses the techniques for developing the travel demand 
baseline. This discussion is followed by a description of 
the technique for estimating travel demand change due to 
alternative actions, as well as for estimating the fuel con-
sumption reduction due to the travel demand change. The 
results of application of these techniques to the test case 
(State of Georgia), the implications to the planners, and 
additional supporting material are presented in the con-
cluding sections of the manual. 

OVERVIEW 

Key Issues and Range of Impacts in Energy Conservation 

Among the many concerns that states have regarding 
energy conservation, three major planning issues stand at 
the forefront: development of transportation component 
of State Energy Conservation Plans, including access to 
all energy resources of the state; state role in controlling 
energy consumption; and response to future gasoline 
shortages. 

The significance of these issues varies by state. As 
part of its State Energy Conservation Plan, Illinois is 
focusing on the relative energy efficiency of different modes 
and the possible tradeoffs that exist between modes based 
on a thorough inventory of state energy resources. Mary-
land has initiated specific energy conservation actions, such 
as strict enforcement of the 55-mph speed limit, and is 
concerned with the total impact of these transportation 
actions on statewide fuel consumption. West Virginia is 
developing emergency plans to cope with possible fuel 
shortages, because its work force (many are involved with 
coal) is largely dependent on auto commuting over long 
distances from remote, mountainous areas. California is 
concerned with the energy consequences of multimodal 
transportation development options. Michigan is develop-
ing an approach aimed at a short-range and long-range plan 
of action. Other states, like Utah, are conducting critical 
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planning studies for the rational development of existing 
energy resources. 

This variety of issues requires information on a wide 
range of environmental, economic, travel, and other im-
pacts (Fig. D-1). Many states have special concerns about 
future energy availability and prices because revenue for 
their programs is completely dependent on motor fuel 
taxes. At the same time uncertainty over national condi-
tions, trends, and effects of Federal policies on state energy 
conservation plans is a deterrent to effective impact anal-
ysis. The development needs associated with new energy 
resources and the corresponding impacts of this develop-
ment on environmental quality and travel patterns are but 
a few of the many interrelated impacts that underlie energy 
conservation plans and programs. 

Impacts and Applicable Techniques 

In order to resolve energy conservation issues and 
properly analyze the impacts of energy conservation plans 
and programs, basic information needs must be satisfied. 
A battery of quantitative methods and techniques currently 
exists to meet these needs. Figure D-2 shows the informa-
tion needs for each impact area and the corresponding 
technique to provide suitable information in the impact 
area. 

It should be noted that, although many techniques are 
available, their utility is directly related to their correct 
application, taking into consideration inherent limitations. 
For example, most techniques have specific data require-
ments that may not be consistent with the data base readily 
available in some states. All techniques have time, cost, and 
specificity constraints, as well as limitations on the scale 
at which they can reasonably be applied (multistate, state-
wide, region, corridor, or project level). Others are not 
fully operational or have not been fully tested or applied. 
In short, care must be taken in the application of available 
techniques so that their specific constraints are consistent  

with the needs and capabilities of the user. All of the 
techniques presented in Figure D-2 are referenced for 
additional information in Table D-1. 

Actions to Reduce Energy Consumption 

At the Federal and state government levels, and in many 
cities throughout the United States, there have been many 
systematic reviews and evaluations of actions that will 
tend to reduce energy consumption. The range of such 
actions is broad. The most commonly considered actions 
are shown in Figure D-3 for a regional areawide energy 
assessment. 

It is clear that in order to be effective, energy conserva-
tion actions must be carefully tailored to the policy goals 
and physical, social, economic, and operational charac-
teristics of different geographic areas. It also is clear 
that individual actions tend to yield relatively low energy 
reduction levels, but in combinations it is possible to 
achieve much higher energy conservation goals. Consistent 
with this finding is that the achievement of higher energy 
conservation goals usually requires the imposition of far 
more stringent actions. 

Focus of the Manual 

As noted in the previous section, there are numerous 
transportation actions that can be implemented to reduce 
energy consumption. Also, these alternative actions have 
travel, economic, social, and environmental impacts. Many 
techniques are available for assessing these impacts, some 
of which are presented in Figure D-2. A manual covering 
all the techniques cannot be developed within the con-
straints of this project. This manual will focus on the 
techniques to assess the travel and energy consumption 
impacts of program measures to reduce energy consump-
tion through the use of carpools, vanpools, and public 
transit. 

Type of Impact Energy Policy, Plan and Program Issues 

ENVIRONMENTAL Energy efficiency of modes; effects of various actions. 
Need contingency plans both for crises and for long-term 
changes. 

ECONOMIC Distributional effects of gas tax increases are of concern. 

TRAVEL Demand relationships sensitive to energy policy options. 
Carpooiing and vanpooling data based on measurement 
needed. 

DEVELOPMENT Identify development needs related to energy resources: 
location costs, facility needs, access needs. 

FINANCIAL Need to assess effects of energy policy options on 
revenues 

PLAN AND PROGRAM Energy impacts of alternative plans and programs needed. 
EVALUATION 

Figure D-1. Energy conservation issues and impacts. Source: Ref.  (1). 
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INFORMATION NEED 
	 TECHNIQUE 
	

I 	INFORMATION NEED 	 TECHNIQUE 	I 

Environmental 

There is a need for in-
formation on the energy 
efficiency of the differ-
ent modes of travel and 
the effects of various 
transpOrt4tiofl actions 
on energy consumption. 

Economic 

There is a need for in-
formation on the distri-
butional effects of gas 
tax increases. 

C 

Travel 

There is a need for 
better information on the 
effects on gasoline con-
sumption of specific 
actions states can take 
such as cárpooling and 
vanpooling programs, 
right turn on red. 

Highway Fuel Consump-
tion Computer Model 
Estimating Energy Con 
sumption Reductions 
Due to Transportation 
Actions 

Energy Consumption 
Methodology 
Gasoline Consumption 
Model 
Highway Fuel Consump-
tion Computer Model 
Estimating Energy Con-
sumption Reductions 
Due to Transportation 
Actions 
Highway User Revenue 
Model 

Energy Consumption 
Methodology 
Gasoline Consumption 
Model 
Highway Fuel Consump-
tion Computer Model 
Estimating Energy Con-
sumption Reductions 
Due to Transportation 
Actions 
Highway User Revenue 
Model 

Development 

Identify access needs of 
energy resource develop-
ment sites. 

Financial 

Need to assess effects of 
energy policy options on 
revenues. 

Plan and Program 
Evaluation 

Need capability to fore-
cast the energy impacts 
of alternative plans and 
programs. 

Forecasting Coal Trans-
port Demand 

Energy Consumption 
Methodology 
Gasoline Consumption 
Model 
Highway Fuel Consump-
tion Computer Model 
Estimating Energy Con-
sumption Reductions 
Due to Transportation 
Actions 
Highway User Revenue 
Model 

Energy Consumption 
Methodology 
Gasoline Consumption 
Model 
Highway Fuel Consump-
tion Computer Model 
Estimating Energy Con-
sumption Reductions 
Due to Transportation 
Actions 
Carpooling Energy Sub-
model 
Energy-UTCS-1 Network 
Simulation Model 
PRIFRE Energy Model 
Highway User Revenue 
Model 

Figure D-2. Information needs and applicable techniques. Source: Ref.  (1). 

The travel and energy consumption impacts can be 
assessed through a 7-step process, as shown in Figure D-4 
and the following: 

Step 1. Determine appropriate areas for analysis—
This includes the division of the state into several areas for 
analysis. Within each area, the level of detail at which each 
policy is to be analyzed needs to be determined. 

Step 2. Determine population groups affected because 

of the nonhomogeneity of the population—Speciflc policies 
will affect population subgroups differently depending on 
their socioeconomic characteristics. 

Step 3. Determine a baseline for travel demand—
This is the travel behavior pattern for the analysis year, 
given that no specific energy conservation policies are 
implemented. 

Step 4. Translate policy into transportation level-of-
ser vice changes- 

Step 5. Estimate revised work trip modal shares- 
Step 6. Estimate changes in VMT, auto occupancy,  

and other travel-related variables—Steps 4 through 6 can 
be grouped under the heading, "Determine The Travel 
Demand Change," which is the change in travel behavior 
pattern from the baseline given that specific actions or 
policies were implemented. 

Step 7. Estimate changes in energy consumption— 

Steps 1 through 3 of the process are described under the 
heading "Travel Demand Baseline." Steps 4 through 6 are 
described under the heading "Travel Demand Change 
Technique." Step 7 is described under the heading "Fuel 
Consumption Technique." 

TRAVEL DEMAND BASELINE (STEPS 1, 2, 3) 

This section describes Steps 1 through 3 of the process 
for estimating travel and energy impacts of transportation 
actions. These are: 

Step 1. Determine appropriate areas for analysis; 
Step 2. Determine population groups affected; 

and 
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TABLE D-1 

LIST OF REFERENCES FOR APPLICABLE TECHNIQUES 

Technique 	 -- 	 Reference for Additional Infoxmation 

Energy Consumption 	 Alan M. Voorhees & Associates, Inc. 
Methodology 	 Baltimere Regional Environmental Impact 

Study, Analysis of Energy Consumption, 
Technical Menorandtmi No. 8, McLean, 
Virginia, June 175. 

Gasoline Consumption 	 Michigan Statewide Interagency, Pro- 
Model 	 cedures and Development Section. 

Statewide Transportation Analysis and 
Research, Modeling Gasoline Consumption, 
Volume I-M, December 1974, Lansing, 
Michigan. 

Highway Fuel U.S. DOT Transportation Systems Center. 
Consumption 

Computer Model Report No. DOT-TSC-OST-73-43. 	Washing- 
ton, D.C. 

Estimating Energy Alan M. Voorhees & Associates, Inc., 
Consumption Guidelines to Reduce Energy Consumption 
Reductions Due to Through Transportation Actions, McLean, 
Transportation Virginia, May 1974. 
Act ions 

Carpooling Energy Cambridge Systeinatics, Inc. and Alan M. 
Submedel Voorhees & Associates, Inc., Draft 

Report on Carpooling Energy Submodel, 
Cambridge, Massachusetts. 

Energy Submodel-- KLD Associates and Alan M. Voorhees & 

UTCS-1 Network Associates, Inc., Extension of the 
Simulation Model UTCS-1 Traffic Simulation Program to 

Incorporate Computation of Vehicular Fuel 
Consumption and Emissions, August 1976. 

PRIFRE Energy Model Alan M. Voorhees & Associates, Inc., 
PRIFRE Energy Model, Unpublished Draft. 

Wisconsin Regional N.E. Hanson and J.W. Mitchell, A Model 
Energy Model, of Transportation Energy Use in Wiscon- 
Transportation Model sin: 	Demographic Considerations and 

Alternative Scenarios. 	University of 
Wisconsin, Madison, December 1975. 

Fuel Consumption K.R. Yunker and K.C. Sinha, "Energy 
Curves Considerations in Urban Transportation 

Planning," Traffic Quartey, October 
1975. 

Highway User J.L. Sweeney, A Vintage Capital Stock 
Revenue Model pproath: 	The Demand for Gasoline, 

Unpublished draft report from FEA, 
Office of Systems Modeling and Fore- 
casting. 



Step 3. Determine a baseline for travel demand 

These steps are dependent on the policy actions to be 
analyzed, the amount of data readily available, the level at 
which the data are available, and the time and budget con-
straints. 

Step 1. Determine Appropriate Areas for Analysis 

The first step in the process is to determine areas in the 
state where program measures to improve carpools, van-
pools, and public transit need to be implemented. These 
measures are likely to have a more significant impact on 
travel and fuel consumption in urban areas compared with 
rural areas. Transportation improvements, such as the 
Interstate highways, have significantly improved fuel con-
sumption in rural areas, especially in those states with other 
than level terrain or where existing highways go through 
towns. Hence, rural areas of the state may not be included 
in the analysis process. If data are available at the standard 
metropolitan statistical area (SMSA), the state may be 
divided into its SMSA's as analysis areas. In addition to 
SMSA's all urbanized areas and cities with a population of 
over 25,000 may be included for analysis. 

The technique for estimating baseline travel demand 
is very general and provides automobile travel demand for 
the following overlapping area types: SMSA's, urbanized 
areas, unincorporated areas, incorporated places, and inter-
city travel. 

After the analysis areas have been identified, the level of 
detail for which the analysis is to be performed for each 
specific policy action needs to be determined. For example, 
subareas in each analysis area need to be identified if 
preferential traffic control for multiple-occupant vehicles is 
to be implemented. The policy actions and subareas will 
vary for different areas in a state and will be dependent on 
whether the local transportation agency can provide the 
necessary information for selection of subareas. 

Step 2. Determine Population Groups Affected 

This section is extracted from Ref. (3) cited at the end 
of this manual. 

To account for the differential characteristics (or non-
homogeneity) of population classes, a classification proce-
dure is used in association with the demand forecasting 
approach. This procedure divides the relevant aggregate 
population into a number of discrete classes to achieve 
a higher degree of homogeneity within each population 
subgroup analyzed. Aggregate forecasts of changes in 
travel patterns are then made by using mean values of 
probabilities of a person driving alone, sharing a ride, or 
using transit and level-of-service changes for each popula-
tion class or subgroup. The total forecast is the weighted 
sum of the forecasts for each class, where the weights are 
the fractions of the total analysis population represented 
by each class. 

Classification facilitates analysis of the differential im-
pacts of various policies across very different socioeconomic 
groups. By calculating separate predictions for various 
population subgroups, policies that have an inequitable 
distribution of impacts (e.g., on low-income classes) can 
readily be identified.  
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The classification schemes suggested for use include: 

Modal availability (e.g., transit and vanpool avail-
ability). 

Socioeconomic characteristics (e.g., income, auto 
ownership). 

Trip orientation (e.g., CBD-destined, suburban). 

Modal A vailability 

Under this classification scheme, the analysis population 
is categorized according to the travel modes available to 
the average household—for example: drive alone and 
shared ride; transit and shared ride; drive alone, shared 
ride, and vanpool. 

This classification scheme is particularly important 
because failure to explicitly account for the availability 
of alternative modes can severely bias predictions. 

By not classifying the analysis population by modal 
availability, an implicit assumption is made that all modes 
are available to all workers. This may cause the predicted 
change in drive-alone modal shares to be overestimated. 
For example, if about 50 percent of the households have 
drive-alone mode available, the predicted change in drive-
alone modal share for a typical policy may be overestimated 
by a factor of two. 

Classification by modal availability substantially reduces 
aggregation bias (bias due to nonhomogeneity of the popu-
lation) and thus results in more accurate travel-demand 
forecasts. Therefore, it is recommended that this classifica-
tion system be used whenever possible in the analysis of 
candidate state energy conservation plan transportation 
policies. 

Socioeconomic Characteristics 

This classification scheme can further reduce aggregation 
bias and allows explicit evaluation of differential impacts by 
factors such as income level or auto ownership. To be of 
maximum effectiveness, the classifications developed should 
be based on characteristics that produce the greatest varia-
tion in travel patterns. For example, if work trip mode 
choice varies significantly across classes with different auto 
ownership levels, but remains relatively unchanged across 
different income groups, classification by auto ownership 
would be the better scheme. 

Regardless of the classification system selected for 
socioeconomic characteristics, data on existing shares and 
on changes in transportation level of service for each class 
are required. Practical problems of data availability, then, 
may influence formulation of a classification system. 

Trip Orientation 

If there is considerable geographic variation in travel 
patterns, classification of the analysis population by trip 
orientation can prove effective. Although the trip drienta-
tion classifications most appropriate for a particular urban 
area will depend on the area's unique distribution of travel 
patterns, the greatest differences for many urban areas 
are found between suburban-to-CBD-oriented trips and 
suburban-to-suburban trips. The former generally has a 
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Action Description 

Regional Energy impact 
Factor. influencing Successful 

Short-Term ImplementatIon Likely VMT Energy 
Reduction Saving. 

Measures to Increase Car 
and Van Occupancy 
I. Carpool and vanpool Matching through orIgins and Work trips-1.4% Strong dependence on public 

matching programs destinations; voluntary pooling Total— <0.5% <0.5% support and low payoff make 
of matched trips this questionable 

Carpool and vanpool Priority treatment and price Total—I .7% . 	2% Programs likely to be costly 
subsidies and incentives breaks for pooling vehicles 
/disincentives 

Mandatory carpool Enforced pooling of matched Total— 10% Serious legal and enforcement 
programs trips reduces VMT, improves 25% possible problems in Short term 

traffic flow 

Measures to Increase Service improvements and fare 1% Measures already being taken; 
Transit/Paratransit reductions Only small additional impact 
Patronage possible 

Measures to Improve Flow 
of High Occupancy Vehicles 

Preferential lanes and Preferential treatment of buses Small N Detailed traffic and design 
ramps and carpools provides incentive analyses required 

benefit 

Bus priority signal Priority treatment of buses re- Nil N Greatest value on streets with 
systems duces bus delay, improving low bus volumes 

service 

Bus priority lanes and Reduction in bus delay im- Nil N Warranted primarily for higher 
loading bays on city proves service bus volume streets 
streets 

Measures to Improve Total 
Vehicular Traffic Flow 
1. Right-turn-on-red Reduces delay at intersections - N Already implemented in 

37 states 

Turning movement Prohibition of left turns at Small VMT N Detailed traffic flow analysis 
restrictions intersections of two-way streets Increase required to assure effectiveness 

Crossing control Improvement of conditions at - N Sophisticated technology or 
Street intersections reduces costly Construction required for 
delay substantial savings at any one 

Intersection 

One-way and reversible Reduced congestion due to ye- - N Limited number of applicable 
lanes hIde conflict locations 

Curb controls Flow improvement by reduction -- N Application at other than peak 
of friction of curbside activity, hours may be difficult to enforce 
such as parking and loading 

Adjusted speed limits Control of speeds to maximize - N Most roads operate at natural 
fuel efficiency of vehicles speed close to theoretical eff i- 

ciency optimum 

Entrance ramp metering Control of vehicle entry to free- -- N Of Interest only on highly con- 
ways improves traffic flow gested freeways 

Traffic surveillance and Smoothing and balancing of - N Sophisticated technology of 
user information traffic flow through provision of value on highly congested 

Information to motorist freeways 

N = Negligible Energy Savings 	 continued on neat page 

Figure D-3. Siimmary of actions to reduce energy consumption. Source: Ref.  (2). 
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A 	I°' D .scription 

RegIonal Energy impact Factors Influencing Successful 
Short-T.rm Implementation Likely VMT Energy 

Reduction Savings 

Measures TO Encourage 
Walk and Bicycle Modes 
1. Pedestrian mall Actions lead to improvement of Small N Dense and diversified activity 

transit mode with walk/bicycle concentrations required (i.e. 
feeder service CBD) 

Measures to Improve Eff i- Consolidation of routes, termi- :96% . 	5% Realization of substantial 

ciency of Goods Movement nals, and Shipments may reduce savings requires inter-fleet 
truck travel coordination 

Measures to Restrict Traffic 
Auto restricted zones and Prohlbitionofvehiculartraffic Worktrip-2.5% N Primarily of value in CBD 
hour restrictions from limited subareas, perhaps Total— <1% application 

only during selected hours, re- 
duces congestion and may en- 
courage mode shift 

Through traffic ProhIbition of through trips may Small increase N Limited number of applicable 

restriction reduce congestion In local area, locations with alternative routes 
but diverts trips to longer routes 

Transportation Pricing 
Mileage and ownership Increasing the cost of travel by 6% :C 6% Substantial taxes required to 

taxes private motor vehicle may en- produce effect 
courage a shift to transit 

Road and parking pricing Limited price Increases may Small N Substantial taxes required to 
divert traffic to relatively less realize effect 
utilized roads and may foster 
shift to trlI'i$it 

Measures to Reduce Need 
to Travel 

Shortened work week Move to 4-day work week would Work trip-20% Public Support and employer 
reduce work trips Total—'s'6% 6% action required 

Restriction on Sunday Restrictions may discourage 11% - 14% " 12% Public support would be 

driving non-essential travel required 

Expansion of home de- Replacement of shopping trips 6% 6% Substitute for shoppers' per- 

livery of goods and by more efficient consolidated sonal inspection of goods 

services home delivery required 

Substitution of commu- Improved communications 20% work-related 7% Sophisticated technology 

nications for transports- could reduce tripmaking, par- '7% overall required 

tion ticularly for work-related 
purposes 

Land use controls Activity location can be shaped Long-term impact - Land use changes occur over 

to produce more efficient urban long periods 

form 

Energy Restriction 
Measures 

Fuel tax and gasoline Direct cost increase for auto Not estimated 3% - 10% Substantial taxes required to 

pricing travel may reduce trips and shift produce impact 
travel to transit - 

Gasoline rationing and Reduced availability of fuel may Not estimated 30% - 40% Substantial restriction and bid 

Sunday sales restrictions reduce trips and shift travel to maximum pricing required to produce 

transit impact 

N = Negligible Energy Savings 
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higher transit share due to better transit level of service 
relative to auto. Similarly, some differences in travel pat-
terns may exist between individual travel corridors. 

Developing an Appropriate Classification system 

The development of a classification system for applying 
the incremental approach involves a basic tradeoff. On 
the one hand, it is clear that the more dimensions along 
which an urban area can be classified and the finer the 
degree of classification, the greater is the accuracy and 
reliability of the resulting predictions. On the other hand, 
very compex classification schemes require a corresponding 
increase in the computations required, making manual 
calculation more susceptible to errors and also possibly 
impractical because of time constraints. Further, it is pos-
sible that data on base modal shares or even the size of 
individual classes may not be known with any degree of 
certainty for very detailed classification systems. 

One approach to the development of a classification 
system is to classify the population of interest by modal 
availability. Following this, a decision is made on whether 
further classification is appropriate or would be helpful for 
the particular analysis being conducted. This will depend 
on factors such as the degree of homogeneity in the 
population group being studied, time or personnel con-
straints, and data availability. 

If further classification is deemed necessary, the next 
step is to determine what variables or population char-
acteristics (income, auto ownership, trip orientation) 
would result in the greatest homogeneity within individual 
subgroups and have the necessary base data available. 
Following this, consideration should be given to the 
specific number of classes for this variable or variables. 
This again will depend on the level of detail desired, time 
and cost constraints, and data availability. 

Step 3. Determine a Baseline for Travel Demand 

This step estimates the travel demand for the base 
condition. The methodology described assumes that the 
state does not have the base data required as input for the 
travel demand change technique. If this information is 
available through a household survey or through the com-
prehensive transportation planning process, the proposed 
methodology is not required. It is recommended that, 
wherever possible, locally available data be used. 

The methodology for estimating baseline travel demand 
is adapted from the personal travel submodel of the 
Wisconsin Regional Energy Model (4). The personal 
travel submodel computes energy use and emissions by first 
determining the individual average travel demand in terms 
of the number of trips per person per day. These trips 
are then distributed by mode and by classification (local or 
intercity). Specific lengths are assigned to each of these 
trips, and the resultant passenger-miles by mode are 
converted to vehicle-miles using average auto occupancies. 

The personal travel submodel was developed using 
relationships and data obtained from numerous urban areas 
including those outside the State of Wisconsin. Survey 
data from the Nationwide Personal Transportation Study  

was also used in the development of the personal travel 
submodel. This suggests that the Wisconsin model can be 
used in other states without any significant loss in accuracy. 

The personal travel submodel does not classify travel by 
trip purpoes: However, a classification by trip purposes is 
required for assessing impacts of alternative transportation 
actions. In particular, program measures to increase use 
of carpools, vanpools, and public transit have a direct 
impact on work trips which, in turn, affect nonwork 
travel. The personal travel submodel was modified to 
incorporate the trip purposes (work and nonwork). 

The modified personal travel submodel is presented as 
Step 3 in Figure D-4. It is a sequential model and consists 
of the following submodels: 

Trip generation; 
Mode split; 
Auto occupancy; 
Trip purpose split; 
Intracity-intercity split; 
Trip length; and 
Auto-occupancy distributions. 

Trip Generation 

The number of trips per capita per day in urban areas 
has been found to be closely related to population density 
and auto ownership (4). This relationship is shown in 
Figure D-5 where an urban travel factor, UTF, is identified 
as: 

UTF - L>< Population Density (persons/sq mi) 
1000 Auto Ownership per Dwelling Unit 

 

The urban travel factor assumed a uniform density, 
whereas individual cities vary widely in the configuration 
and range of population density within each city. 

The total person trips per capita per day in vehicles is 
expressed as: 

Total Person Trips in Vehicles = 2.6 - 0.0917 UTF 
 

These relationships can be used to estimate trip genera-
tion for all urban areas. Survey data for rural and small 
outlying areas show that the trip rates are much lower than 
those for urban areas. The Nationwide Personal Transpor-
tation Study (NPTS) survey shows that the trip rates for 
rural and small outlying areas are about two vehicle trips 
per capita per day (5). This estimate may be used for all 
nonurban areas. Alternative sources for trip generation 
rates may be used. Two of the more significant ones are 
Refs. (6) and (7). 

Once total trips are generated, these are then split into 
automobile trips and transit trips using a mode-split model. 

Mode Split 

The mode split submodel for urban areas splits total 
person trips per capita per day that occur in vehicles into 
transit trips and automobile trips (4). This submodel 
consists of two steps. In the first step, total transit trips 
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Figure D-5. Summary of urban trip generation. Source: Ref. (4). 

per capita per day are estimated as a function of the urban 
travel factor, as defined before; that is: 

Transit Trips = 0.05 X UTF 	(D-3) 

In the second step, the total person trips per capita per 
day that occur in automobiles are computed as: 

Auto Trips = Total Person Trips - Total Transit Trips 
(D-4) 

For rural and small outlying areas the trips generated are 
assumed to be automobile trips. 

The automobile trips include intercity trips. Intercity 
trips, in general, are not susceptible to program measures 
such as carpools, vanpools, and public transit. Therefore, 
intercity automobile trips should be separated from total 
automobile travel. The intercity travel submodel is pre-
sented later. 

Auto Occupancy 

The mode split submodel results in total person trips 
per capita per day that occur in automobiles. To convert 
these person trips into automobile trips, an estimate of 
the average auto occupancy is needed. If these estimates 
are not available for the area under analysis, Table D-2 
may be used. Table D-2 gives the average auto occupancy 
in automobile trips by SMSA size and by place of residence 
(averages for all incorporated places and all unincorporated 
areas) (8). The estimates are provided for all trip purposes 
and also for work trips. 

The estimates given in Table D-2 are based on the 
Nationwide Personal Transportation Study (NPTS). Data 
show that the size of the SMSA has no clear relationship 
to occupancy rates. Although there does appear to be some 
difference between incorporated places and unincorporated 
areas, this difference may be due to statistical variance. 
Another point to be noted about this table is that the auto 

10 	11 	12 

occupancy for work trips for all unincorporated areas at 
1.4 may be high. New York obtained 1.07 in 1970, and 
Kentucky obtained 1.17 average auto occupants for work 
trips in 1972. 

Automobile occupancy values for all purposes are to 
be used for converting person trips by automobile to trips 
as follows: 

Person Trips by Auto 
Auto Occupancy 

Appropriate values are to be used depending on area 
type (SMSA size, unincorporated area or incorporated 
place). 	 - 

The auto occupancy for work trip purpose is required 
as input into the auto occupancy distribution submodel and 
also in the travel demand change technique. 

Trip Purpose Split 

The next step in the sequential process is to split the 
automobile travel into the appropriate trip purposes. The 
work trip travel because of its occurrence at fixed time 
and place is very susceptible to carpools, vanpools, and 
measures to improve public transit. Nonwork trips are not 
very susceptible to these actions. However, increased 
carpools lead to availability of automobiles for nonwork 
trips and subsequently to increased travel. Two trip pur-
pose categories will therefore be considered: work trip 
purpose and nonwork trip purpose. 

The trip purpose split for automobile trips is given in 
Table D-3 (9). As shown in the table, two sets of per-
centages are provided: the first set is for trip purpose split 
for use in SMSA's. The second set is for use in areas 
outside the SMSA's for both incorporated places and unin-
corporated areas. 

Table D-4 gives the trip purpose split for transit trips 
for urbanized areas (10). 

Vehicular Trips = (D-5) 



149 

TABLE D-2 

AVERAGE AUTO OCCUPANCY IN AUTOMOBILE TRIPS—SOURCE: REF. (8) 

AREA TYPE 
TRIP PURPOSE 

To and from Work All Purposes 

Place of Residence 

All Incorporated Areas 1.4 1.9 

All Unincorporated Areas 1.4 2.0 

All Places and Areas 1.4 1.9 

SMSA Size 

Under25O,000 1.4 2.0 

250,000-499,999 1.4 1.9 

500,000-999,999 1.4 1.9 

1,000,000-1,999,999 1.4 1.8 

2,000,000-2,999,999 1.4 2.0 

3,000,000—and Over 1.3 1.9 

Total SMSA's 1.4 1.9 

Intracity-Intercity Split 

The intercity travel submodel estimates the number of 
total external trips per capita over 35-min long, crossing 
the cordon line around an urban area (11). All external 
trips over 35-min long are considered as intercity trips and 
can be predicted by the relationship: 

External Vehicle Trips per Capita 	
11.0 	

0.392 
(Cordon Pop.)  

(D-6) 

where cordon population may be defined as the urban area 
population. 

Two points should be noted regarding the foregoing 
relationship. The first point is that the model predicts 
vehicle trips per capita; another is that the data for model 
development were based on areas with population of 
approximately 4,000 or greater. Thus, for areas with a 
population of less than 4,000, 0.43 external trips per capita 
per day (or at the rate at the 4,000 population level) can be 
used. 

The external automobile trips may then be subtracted 
from total trips by automobiles to obtain intracity auto-
mobile trips per capita per day. However, the total automo-
bile trips were split into work and nonwork trip purposes, 
so that the intercity trips also must be split into the same 
trip purposes. The estimated splits by city sizes are given 
in Table D-5 (11). These estimates are based on the same  

data base that was used to develop the relationship for 
predicting external trips. 

Trip Length 

After estimating the number of automobile trips by trip 
purpose for both intracity and intercity travel, the next 
step in the process is to estimate the average automobile 
trip length so that the vehicle-miles of travel can be com-
puted. Trip length has been found to vary with trip type 
(intracity, intercity, etc.) and by trip purpose. 

Intracity Trip Length. The work trip length for urban 
area travel was found to be a function of the urban popu-
lation and the average network speed (12), as follows: 

L = 0.003P° 2° S'° 	 (D-7) 

where L = the average trip length, in miles; P = the urban 
population; and S = the average network speed, in miles 
per hour. 

If the average network speed is not available, the follow-
ing relationship may be used (12): 

L = 0.46P019 	 (D-8) 

where L and P are as defined before. 
The average automobile trip length for nonwork trip 

purposes is assumed to be a function of work trip distance 
(13), as follows: 

NWL = 1.7 + 0.3L 	 (D-9) 
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TABLE D-3 

PERCENT OF AUTOMOBILE TRIPS BY TRIP PURPOSE AND PLACE 
OF RESIDENCE IN SMSA's-SOURCE: REF. (7) 

TRIP PURPOSE 
AREA TYPE 

Home-to-Work Other Total 

SMSA Size Groups 

Under 250,000 30.0 70.0 100.0 

250,000-499,999 32.2 67.8 100.0 

500,000-999,999 32.3 67.7 100.0 

1,000,000-1,999,999 31.2 68.8 100.0 

2,000,000-2,999,999 33.9 66.1 100.0 

3,000,000 and Over 35.0 65.0 100.0 

All SMSA's 32.5 67.5 100.0 

Unincorporated Areas 31.5 68.5 100.0 

Incorporated Places 

Under 5,000 32.4 67.6 100.0 

5,000-24,999 30.8 69.2 100.0 

25,000-49,999 29.6 70.4 100.0 

50,000-99,999 31.7 68,3 100.0 

100,000-999,999 31.6 68.4 100.0 

1,000,000-and Over 43.0 57.0 100.0 

All 32.1 67.9 100.0 

All Areas and Places 31.9 68.1 100.0 

where NWL = the average nonwork trip length, in miles; 
and L = the average work trip length, in miles. 

This relationship is shown in Figure D-6, which may also 
be used to estimate the nonwork trip length given the work 
trip length. 

Intercity Trip Length. The average trip length (in 
hours) for intercity travel was found to be a function of 
the cordon population (11). To convert the average trip 
length in hours into distance units, an estimate of average 
intercity speed is required. This would make the average 
trip distance a function of population and speed, as was 
the case for intracity trip length. 

The average trip length is given by the relationship (11): 

Average Trip Length (Cordon Pop.) 0.27 8 

(hours) 	= 	11.05 	
(D-10)  

where cordon population is the urban area population as 
defined before. 

The average trip length can then be estimated as: 

Average Trip Length Average Trip Length 
(miles) 	= 	(hours) 

- Average Speed 
- (miles/hour) 	(D-11) 

where the average speed is the estimated intercity speed 
for the area under consideration. A default value of 45 
mph may be used. 

The intercity trip length need not be broken down by 
trip purpose because it may not be possible to implement 
carpools or vanpools for intercity travel. 

Other Areas. For rural areas including unincorporated 
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TABLE D-4 

PERCENTAGE OF TRANSIT TRIPS BY TRIP PURPOSE—SOURCE: REF. (10) 

POPULATION 
GROUP 

PERCENT OF TRIPS 

Work Trip Nonwork Trip Total 

Under 250,000 55.6 44.4 100 

250,000-499,999 47.6 52.4 100 

500,000-999,999 38.7 61.3 100 

1,000,000-1,999,999 43.4 56.6 100 

2,000,000-2,999,999 48.9 51.1 100 

3,000,000 and Over 42.7 57.3 100 

TABLE D-5 

TRIP PURPOSE SPLIT FOR EXTERNAL TRIPS—SOURCE: REF. (11) 

POPULATION 
Percent of Trips 

Work Nonwork Total 

:510,000 36 64 100 

10,000-30,000 40 60 100 

30,000-100,000 46 54 100 

>100,000 44 56 100 

AVERAGE 43 57 100 

areas, the relationships developed for intracity (urban area) 
travel and intercity travel are not applicable. The work trip 
length for nonurban areas may be estimated from Table 
D-6, which is adapted from the Nationwide Personal 
Transportation survey (14). 

Auto-Occupancy Distribution 

The distribution of automobile occupancies is a neces-
sary input for estimating the change in the travel demand. 
Morin (15) has developed relationships between percent 
of autos with an integral number of occupants and the 
mean auto occupancy. Knowing the mean auto occupancy 
from Table D-2, these relationships can be used to estimate 
the percent of autos with one person (or drive-alone mode) 
and the percent of autos with more than one person (or 
shared-ride mode). The relationships developed by Morin 
were: 

Y. = 164.6 - 64,6 X (D-12A) 
= - 43.9 + 43.9 X (13-12B) 

Y3 =— 11.2+11.2X (13-12C) 
Y4  = - 	9.5 + 9.5 X (D-12D) 

where: Y. (i = 1, 2, 3) is the percent of autos with i occu-
pants; Y4  is the percent of autos with 4 or more occupants; 
X is the mean auto occupancy for work trips, persons per 
auto; and also 

Y= 100 	 (D-12E) 

The relationships presented in the foregoing equations 
are shown in Figure D-7. This figure may also be used 
to estimate the percent of autos, given the mean auto 
occupancy. 
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TABLE D-6 

AVERAGE TRIP LENGTH BY TRIP PURPOSE AND PLACE 
OF RESIDENCE—SOURCE: REF. (14) 

PLACE OF 
RESIDENCE 

AVERAGE TRIP LENGTH (MILES) 

Work Trip Nonwork Trip Total 

Unincorporated Areas 11.5 8.8 9.8 

Incorporated Places 

Under 5,000 10.3 10.3 10.3 

5,000-24,999 9.3 7.1 7.9 

25,000-49,999 9.2 7.2 7.8 

50,000-99,999 8.9 7.6 8.1 

100,000-999,999 8.7 7.1 7.7 

1,000,000 and Over 12.8 10.9 11.7 
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The travel demand baseline input data required for the 
travel demand change technique are as follows: 

Number of workers per household, WHH; 
Number of nonwork auto trips per household, 
NWAHH; 
Work trip share by mode: drive alone, DA; shared 
ride, SR; and transit share, TR; 
Average carpool size, CS; 
Average work trip length, WTL, in mi; 
Average nonwork trip length, NWTL, in mi; 
Average work VMT per household, WVMTHH; 
Average nonwork VMT per household, NWVMTHH; 
and 
Autos used per worker, AW (function of number of 
workers and number of work auto trips). 

The submodels described in the previous sections will 
provide the following data for each area type: 

Data 	 Submodel 

Person trips per capita Trip generation 
Transit trips per capita Mode split 
Person trips per capita by auto Mode split 
Average auto occupancy for work Auto occupancy 
trips, AO 
Auto trips per capita Mode split and auto 

occupancy 
Work auto trips per capita, WAPP Trip purpose 
Nonwork 	auto 	trips 	per 	capita, Trip purpose 
NWAPP 
Work transit trips per capita, Trip purpose 
WTRPP 
Nonwork transit trips per capita, Trip purpose 
NWTRPP 
Intercity auto trips per capita by Intercity travel 
trip purpose 
Average work trip lengths, WTL Trip length 
Average nonwork trip length, Trip length 
NWTL 
Percent distribution by mode (drive Auto occupancy 
alone (% DA) or shared ride distribution 
(% SR)) for work trips 

A comparison of the data output by the submodels and 
the travel demand base data required for estimating the 
change in travel demand due to alternative transportation 
actions shows that the following variables must be esti-
mated: 

Number of workers per household, WHH; 
Number of nonwork auto trips per household, 
NWAHH; 
Work trip share by mode, DA, SR, TR; 
Average work VMT per household, WVMTHH; 
Average nonwork VMT per household, NWVMTHH; 
and 
Autos used per worker, AW. 

Number of Workers per Household (WHH). The num-
ber of workers per household is assumed to be half the 
number of work trips per household made in vehicles. If  

the other work trips are made by modes such as walk and 
bicycle and do not compete with auto or transit modes, this 
assumption will not lead to erroneous results. 

The total number of work trips per household is the 
sum of work trips per household by auto and transit; that 
is: 

	

WHH = WAHH + WTRHH 	(D-13) 

where WAHH is the number of work auto trips per house-
hold and is given by: 

WAHH = 0.5 [WAPP X AO x PHH] (D-14) 

WTRHH is the number of work transit trips per household 
and is given by: 

WTRHH = 0.5 [WTRPP >< PHH] 	(D-15) 

PHH is the number of persons per household. 
Number of Nonwork Auto Trips Per Household 

(NWAHH). This is a function of the nonwork auto trips 
per person and the average number of persons per house-
hold; that is: 

	

NWAHH = NWAPP X PHH 	(D-16) 

Work Trip Share By Mode (DA, SR, TR). This is esti-
mated for the three modes drive alone, DA; shared ride, 
SR; and transit share, TR: 

	

DA  _ %DAA 	 D-  17A 
- 100XWHH  

	

SR — %SRxWAHH 	
(D-17B 

- 100XWHH  

TR 

	

- WTRHH 	
D 17C 

WHH 

As a check, DA + SR + TR = 1.0. 
Autos Used Per Worker (AW). This can be computed 

as: 

SR Share 
AW = 
	

+ Avg. Carpool Size DA Share (D-18)  

Average Work VMT Per Household (WVMTHH). This 
is a function of the number of work trips by auto and the 
average work trip length; that is: 

WVMTHH = AW x WHH x WTL X  2 (D-19) 

Average Nonwork VMT Per Household (NWVMTHH). 
This is a function of the number of nonwork trips by auto 
and the average nonwork trip length; that is: 

NWVMTHH = NWAHH x NWTL (D-20) 

The baseline travel demand data generated by this 
methodology is for the aggregate population. However, 
as described in Step 2, if population subgroups are identi-
fied, the baseline data must be split into the same subgroups 
based on locally available data. Figure D-8 may be used 
to record the base travel demand data required as input 
for the travel demand change technique. 

The methodology for developing baseline travel demand 
data, as presented in this section, was based on national 
data. Travel data for the state may be different from the 
national averages. Therefore, it is recommended that state 



0  

Th

0  

ree Occupants  

now 
or MO1eOuP3  

1.0 	 1.2 	 1.4 	 1.6 	 1.8 	 2.0 

MEAN OCCUPANCY, PERSONS PER AUTO 
Figure D-7. Vehicle-occupancy distribution as a function of mean occupancy. Source: Ref.  (15). 

154 

100 

80 

60 

40 

20 

0 

data be used wherever possible. In case the default values 
provided in this manual are used, the results should be 
checked for reasonableness. 

TRAVEL DEMAND CHANGE TECHNIQUE (STEPS 4, 5, 6) 

In the previous section a methodology for estimating the 
baseline travel demand was described. The baseline data 
are needed as input to the technique for estimating change 
in travel demand due to program measures to increase 
carpooling, vanpooling, and public transit. (It should be 
noted at the offset that this technique is adapted from 
Ref. (3); tables and worksheets in this section, along with 
their descriptions, are extracted from that reference.) 

The travel demand change technique predicts revised 
travel behavior based on existing travel behavior and 
changes in level of service. The calculations necessary to 
analyze a transportation policy are defined on five basic 
worksheets (included herein as figures), with supplemental 
worksheets provided for use in certain special situations. 
The basic worksheets include the following: 

I. Worksheet I. Base Data (Fig. D-8) —summarizes all 
household- and travel-related data necessary to perform the 
basic travel and energy calculations. 

Worksheet II. Changes in Transportation Level of 
Service (Fig. D-9)—suminarizes all such changes that 
would result from implementation of the transportation 
policy to be analyzed. 

Worksheet III. Estimation of Revised Work-Trip 
Modal Shares (Fig. D-1 1)—uses data from worksheets I 
and II to calculate revised work-trip modal shares for each 
transportation mode for each population group. 

Worksheet JV. Estimation of Changes in VMT (Fig. 
D- 14)—uses results from worksheet III in conjunction with 
base data from worksheet I to calculate changes in work 
trip and total VMT for each population class. 

Worksheet V. Summary of Estimated Changes in 
VMT (Fig. 13-15)—summarizes the travel changes calcu-
lated for each population group on worksheets IV to 
compute average areawide changes in VMT. 

Worksheets I, II, and V are used only once for each 
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policy analysis; worksheets III and IV are repeated for each 
defined population subgroup, as described in subsequent 
sections. 

Four supplemental worksheets, numbered according to 
their points of applicability in the base sequence, are also 
provided: 

Worksheet Il-A. Changes in Transportation Level of 
Service by Carpool Size (Fig. D-10)—identifies the addi-
tional travel data required for analyzing policies, such as 
preferential treatment for 3+ person carpools, that will 
have a major effect on the distribution of carpool size (e.g., 
converting existing 2-person carpools to 3-person carpools) 
in addition to the formation of entirely new carpools. 

Worksheet Ill-A. Estimation of Changes in Carpool 
Size (Fig. D-12)—uses data from worksheet Il-A to calcu-
late a revised carpool size distribution, changes in over-all 
shared-ride level of service, and a new average carpool 
size. This information is then used in subsequent worksheet 
II and IV calculations. 

Worksheet Ill-B. Estimation of Revised Modal Shares 
Resulting from Vanpooling (Fig. D-13)—defines base 
vanpool data and estimates the changes that would occur 
in existing work-trip modal shares that would result from 
introduction of a vanpool program. These results are then 
used on worksheet III, treating vanpooling as a new or 
fourth available mode. 

Worksheet V-A. Summary of Changes in Modal 
Shares (Fig. D-16)—uses the base and revised modal 
shares for each population group, taken from worksheets I 
and III, respectively, to determine an areawide change in 
the use of each transportation mode. 

The following sections describe the use of these work-
sheets in terms of steps 4 through 6 of the process for 
estimating energy consumption changes due to alternative 
transportation actions. 

Step 4. Translate Policy into Transportation Levelof -Service 
Changes 

To forecast the impacts of a transportation policy, it is 
necessary to express the policy in terms of changes in 
independent variables of travel demand for work trips for 
each group affected. The various policies that can be 
analyzed, the population subgroup affected, the effect on 
travel demand variables, and the data required in addition 
to the base travel demand and socioeconomic data are 
presented in Table D-7. For each policy and mode, the 
transportation level of service variables is entered in work-
sheet II (see Fig. D-9) and includes the following: 

Change in Round-Trip In-Vehicle Travel Time 
(ilVTF) —This represents the change in the amount of 
time in minutes actually spent traveling in the vehicle. 

Change in Round-Trip Out-of-Vehicle Travel Time 
(OVTF) —For the drive-alone and shared-ride modes, 
this represents the change in the amount of time in minutes 
spent walking between parking location (or pick up! drop-
off point) and final destination or origin; for transit, this 
represents changes in the time spent walking to and from 
transit stations, time spent waiting at the station for a  

vehicle, and any time spent transferring from one vehicle 
to another. 

Changes in Round-Trip Out-of-Pocket Travel Cost 
(OPTC) —For the drive-alone and shared-ride modes, this 
represents changes in cents of auto running costs (i.e., 
gasoline, oil, maintenance, etc.), parking costs, and tolls; 
for transit, this represents changes in fare, in cents. 

Total 
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Figure D-8 Worksheet 1—Base data. Source: Adapted from 
Ref. (3). 
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4. Carpool Matching and Promotion—This variable, 
which applies only to shared ride, represents employer-
based carpool-matching assistance (either computer or non-
computer based) and promotional efforts (such as news-
letters, posters, etc.). This variable is set to 1 for the case 
where such incentives do not currently exist but are to be  

implemented as part of an energy conservation program, 
and 0 otherwise. 

Worksheet 11-A (Fig. D-10) is used to define data on 
travel patterns and level-of-service changes for analyzing 
policies that differentiate between carpools of different 
sizes (for example, the provision of preferential treatment 



157 

Out-of-Pocket 
Travel Cost 

OPTCt 	C 

Out-of-Vehicle 
Travel Time 
tOVTT 	mm. 

 

In-Vehicle 
Travel Time 
LlVTT1 	mm. 

Carpool Prom- 
otion & Match- 
ing Incentives  

03 

Out-of-Pocket 
Travel Cost 

Out-of-Vehicle 
Travel Time 
&OPTCw  mm. 

In-Vehicle 
Travel Time 
LIVTT51 	mm. 

Out-of-Pocket 
Travel Cost 
LOPTC1 	C 

Out-of-Vehicle 
g Travel Time 

OVTT4 . nn. 

---- - 
In-Vehicle 
Travel Time 
MVTTd. mm. - 

Population 

- - - - 
Subgroup 

Promotion and 
Matching 
Incentives 	0,1 

Out-of-Pocket 
Travel Cost 

OPTC ; CL - - - - Out-of-Vehicle 
Travel Time 

OVTT3•  

h-Vehicle 
Travel Time 
AIVTT 

-J Promotion and 
Matching 
Incentives 	0,1 

Out-of-Pocket 
Travel Cost 

.E tOPTC2  

Out-of-Vehicle 
6 I Travel Time 

i2OVTT2 	mm. 

hi-Vehicle 
Travel Time 

lVTT2 	mm. 

Average Size of 
3+ Person Ca'pools 

Icn 

Population 
Subgroup 

Figure D-9. Worksheet 11—Changes in transportation level of 	Figure D-10. Worksheet li-A—Changes in transportation level 
service. Source: Adapted from Ref.  (3). 	 of service by carpool size. Source: Adapted from Ref.  (3). 

for carpools of three or more people). 
Supplementary data are entered for each population 

subgroup for base carpool size shares, average size of 3+ 
person carpools, and changes in level of service. Base 
shares are the fractions of all carpools that carry either 2 
or 3+  persons. (Note that the sum of these shares should 
equal 1.0). 

Step 5. Estimate Revised Work-Trip Modal Shares 

Revised work-trip modal shares are calculated using a 
separate worksheet (worksheet 111—Fig. D-11) for each  

change in "utility" (or attractiveness of the mode) result-
ing from changes in the level of service is calculated for 
each mode; the change in utility is the sum of the products 
of travel-demand coefficients and level-of-service changes 
(the relevant coefficients are defined in the worksheets). 
To calculate these sums for drive-alone and transit modes, 
enter in the appropriate spaces on line 1 average work trip 
length, average household income, and changes in level of 
service (in-and-out-of-vehicle travel times, out-of-p(Ycket 
travel cost). To calculate this sum for the shared-ride 
mode, also enter average carpool size, and the carpool 

defined population subgroup. First, for each mode, the 	promotion and matching variable. 
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POLICY 

SUBGROUP: 

CHANGE IN UTILITY FOR EACH MODE 	IVTTdp 	________ 

Drive Alone 	 UTILITY = -.015X I 	I = I 
Trip Length 	AOVTTda  

+1 -.16 	1 - i 	lxi 	I 
Income 	iOPTC  

	

-29.0 1~1 	]xf 	1=1 

TOTAL CHANGE 

Shared Ride 	£UTILITY 	= 	- .015 	lx 
IVTT T 

r I 	= 

TripLength 

1~1]Xl_____ 
60VTTsr 

=1 _ 
_________ 	 Income 

-29.0 1~1_lxi  
Average Car- 

OPTC, 	poolSize  

.29 	lxi 
Incentives 	 ________ 

=i 
TOTAL CHANGE 	 I 

Transit 	 &UTILITY 

IVTTt 

= 	.015 lxi 	= 

_________ 

-4- I 	-.16 	1~i 
Trip Length 	OVTT  

lxi 	1=1 
_______ 

+1_-29.0 
Income 	OPTCt  

k-I_lxi_1=1 

REVISED MODAL SHARE 	 TOTAL CHANGE I 

Drive Alone 

Base Modal Share 	UtiIity 

= I 	lx EXP 	 I = I 	~ 
Total 

I 
Revised Share 

= 

Shared Ride i 	IXEXPI  

Transit = I_IX EXP 	=

______ 	 I ______  

Vanpool X EXP I_11_1~1 _1=1 t _I 
Other = I 	I x 	1.0  

t 

btal  

Figure B-Il. Worksheet Ill—Estimation of revised work-trip modal shares. 	Source: 
Adapted from Ref. (3). 
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In the line 2 revised modal share calculations, these 
changes in utility are "exponentiated" (i.e., used as expo-
nents to which the mathematical constant e is raised) and 
multiplied by their respective base modal shares. The 
exponentiated values can be calculated usilig either an 
electronic calculator with the appropriate function or Table 
D-8. The products resulting from the intermediate calcula-
tions are divided by their sum and are used to calculate 
revised modal shares. 

Specific sources of the data required for this form vary, 
depending on the policy being analyzed, and are listed in 
Table D-9. 

Worksheet 111-A (Fig. D-12) uses data from worksheets 
I and IT-A to forecast revised carpool size shares for 2 and 
3+ person carpools, weighted changes in shared-ride level 
of service, and revised average carpool size. These data 
should be calculated using a separate worksheet for each 
population class. Data from lines 3 and 4 are then carried 
over for each subgroup as input onto worksheet III to 
estimate revised work-trip modal shares. 

First, for each carpool size (either 2 or 3+ persons), 
the change in utility resulting from changes in the level of 
service is calculated. For both sizes, the change in utility 
is the sum of the products of travel demand coefficients and  

level-of-service changes. To calculate these sums, enter 
in the appropriate spaces on line 1 average work trip 
length and average household income, from worksheet I; 
changes in level of service, from worksheet TI-A. Since 
the number of riders sharing costs will affect total out-of-
pocket expenses, the average 3+  carpool size from work-
sheet 11-A should also be entered as indicated. 

In the line 2 calculations, these changes in utility are 
used to estimate revised carpool size shares. The utility 
changes are exponentiated and multiplied by their respec-
tive base carpool size shares, transferred from worksheet 
TI-A. The resulting products, divided by their sum, are 
then used to calculate revised carpool size shares. 

In lines 3 and 4, these revised carpool size shares are 
used as weights to calculate weighted changes in shared-
ride level of service and revised average carpool size. 
Shared-ride level-of-service changes are the weighted 
average of level of service changes for 2 and 3+ person 
carpools. Revised average carpool size is calculated as the 
number of carpoolers divided by the number of carpool 
vehicles. 

Worksheet Ill-B (Fig. D-13) forecasts changes in work-
trip modal shares resulting from the introduction of van-
pooling as a new mode. Additionally, for those policies 

TABLE D-8 

EXPONENTIAL FUNCTION TABLE 

Change in 
Uti1ity(EU) AU 

e - e 
Change in 
Utility 	(tU) AU e -u e 

0.00 1.00 1.00 1.00 2.72 0.37 
0.05 1.05 0.95 

1.05 2.86 0.35 
0.10 1.11 0.90 

1.10 3.00 0.33 
0.15 1.16 0.86 

1.15 3.16 0.32 
0.20 1.22 0.82 

1.20 3.32 0.30 
0.25 1.28 0.78 

1.25 3.49 0.29 
0.30 1.35 0.74 

1.30 3.67 0.27 
0.35 1.42 0.70 

1.35 3.86 0.26 
0.40 1.49 0.67 

1.40 4.06 0.25 
0.45 1.57 0.64 

1.45 4.26 0.23 
0.50 1.65 0.61 

1.50 4.48 0.22 
0.55 1.73 0.58 

1.55 4.71 0.21 
0.60 1.82 0.55 

1.60 4.95 0.20 
0.65 1.92 0.52 

1.65 5.21 0.19 
0.70 2.01 0.50 

1.70 5.47 0.18 
0.75 2.12 0.47 

1.75 5.75 0.17 
0.80 2.23 0.45 

1.80 6.05 0.17 
0.85 2.34 0.43 

1.85 6.36 0.16 
0.90 2.46 0.41 1.90 6.69 0.15 

1.95 7.03 0.14 
0.95 2.59 0.39 2.00 7.39 0.14 



160 

TABLE D-9 

DATA SOURCES FOR WORKSHEET III 

Source (Worksheet 41) When Analyzing: 

Changes Vanpooling Carpool 
Basic in Carpool As a New Size and 

Sequence Size Mode 	Vanpooling 

Base Mode 
Shares I I III-B III-B 

Shared Ride II III-A III-A 111-A 

Level-of- 
Service 

Shared Rilde I 111-A I III-A 
Average 
Carpool Size 

Vanpool - - III-B 111-B 

Change in 
Utility 

Income I I I I 

Trip Length I I I I 

that affect vanpooling (i.e., preferential lanes, reduced 
tolls, etc.), change in vanpool utility is calculated for use 
on worksheet III. 

For the subgroup with vanpooling available, enter in 
line 1 the indicated base vanpool data. These data include 
estimated vanpool modal share (defined as the fraction of 
this subgroup that would choose vanpooling), average van-
pooling occupancy (i.e., the average number of commuters 
per van, including driver), and the vanpool circuity factor 
that is defined as the ratio of total trip distance (line haul 
time plus the distance resulting from the circuity involved 
in picking up and dropping off vanpoolers) divided by line 
haul distance. (In the absence of any specific values for 
these data, the recommended values, based on empirical 
evidence, are estimated vanpool modal share = 0.14, aver-
age vanpool occupancy = 10, vanpool circuity factor = 
1.5.) If other policies are being analyzed that affect 
vanpooling, enter the appropriate changes in vanpool level 
of service in line 1. 

Reductions in transit, drive-alone, and shared-ride modal 
shares are calculated in line 2. (It is assumed that the 
modal share of other modes is zero for the population 
subgroup having the vanpool mode available, because the 
typically long commuting distances associated with this 
subgroup, in general, would exclude the availability of the 
other modes such as walk, taxi, bicycle, etc.) For the 
reduction in transit share, enter, as indicated, the line 1 
data and the base transit modal share from worksheet I; 
for the drive-alone and shared-ride shares, enter both the 
appropriate line 1 data and the reduction in transit modal 
share. Revised modal shares are calculated in line 3 by 
subtracting these reductions in modal shares from the base 
modal shares given in worksheet I. 

The change in utility resulting from changes in vanpool 
level of service is calculated in line 4 as the sum of the 
products of travel-demand coefficients and level-of-service 
changes. The resulting change in utility is used in line 2 
of worksheet III to calculate revised modal shares. 

Step 6. Estimated Changes in VMT, Auto Occupancy, and 
Other Travel-Related Variables 

Changes in VMT resulting from changes in work-trip 
modal shares are calculated as shown in worksheet IV 
(Fig. D-14) using separate worksheets for each population 
subgroup. Data required are the revised modal shares 
estimated on worksheet III; base VMT data; average 
number of workers per household; base autos used per 
worker and average trip lengths from worksheet I; average 
carpool size from worksheet I (or 111-A if changes in 
carpool size are considered); and, if vanpooling is allowed, 
average vanpool occupancy and circuity from worksheet 
III-B. 

In line 1, the revised work trip VMT is estimated. First, 
the revised number of autos used per worker is calculated 
on the basis of the appropriate revised modal shares from 
line 3 of worksheet III and the average carpool size from 
worksheet I. If changes in carpool size have been calcu-
lated, substitute revised average carpool size data from 
line 5 of worksheet 111-A. Then, calculate revised average 
household VMT for work trips by auto as the product 
of this, revised number of autos used and of the average 
number of workers per household and work-trip length 
(x2) from worksheet I. If the optional worksheet III-B on 
vanpooling has been used, revised average household VMT 
for work trips by vanpool should also be calculated using, 
as indicated, the revised vanpool modal share from work- 
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POLICY:  

SUBGROUP:___________________ 

CHANGE IN UTILITY FOR EACH CARPOOL SIZE IVTT2 

2 Person Carpool 	tUTILITY 	= -.015 	X  
___

.16 

____ 

- 	I-I 
Tr 	

x 
ip Length AOVTT2 

=1 
________

1 

+ 1 -29.0 	Ii 
Income 

lxi  
2 Person 

OPTC2 	Carpool Size  

.29 lxi 
Incentives ___________ 

=1_I 
TOTAL CHANGE  

3+ Person Carpool 	tUTILITY = -.015 	X 

IVTT3 

= 
_________ 

+1_- .16 1+1 
Trip Length 

lxi _ 
LOVTT3  

=  i 

+ i -29o ] + xi 
Income 

Average 3+ 
OPTC3 	Carpool Size  

_1-1 	=1 

.29 	lxi 

Incentives  

1 	=1 

REVISED CARPOOL-SIZE SHARES TOTAL CHANGE I 
Base Share 

2Person 	I 	lx 	ExPI  

Lutility  Total Share Revised Share 

3+ Person 	x 	Exp  
REVISED CHANGES IN SHARE Total  
RIDE_LEVEL-OF-SERVICE (LOS) = Share 

Revised 2 
Person Share 

2 Person 
InLOS 

Revised 34 	3+ 	Person 
Person Share 	ALOS 

Shared Ride 
ALOS 

IVTT L_lxi _II _lxi 	=1 

AOVTT 	I 	lxi 1I lxi 	1=1 
AOPTC I_lxi _II _lxi_1=1 _I 

Ientives 	lxi 1i 1xI 	1=1 
REVISED_AVERAGE 	Revised 2 	2 Person 	Revised 3 + 	Average 3+ Revised Average 
CARPOOLSIZE 	Person Share 	Carpool Size 	Person Share 	Carpool Size 	Carpool Size 

1.0+ (i 	+ 	 X== ~ 	i)(=i 
Figure D-12. Worksheet 111-A —Estimation of changes in carpool size. Source: Adapted from 
Ref. (3). 

sheet III, and average vanpool occupancy and circuity 
factor from worksheet 111-B in addition to worksheet I 
worker and trip-length data. Revised total household work 
trip VMT is the sum of revised household VMT for work 
trips by auto and by vanpool. 

In line 2, the change in work-trip VMT is calculated as 
the difference between the revised total household work  

trip VMT from line 1 and base household work trip VMT 
from worksheet I. The percent change in work-trip VMT 
is obtained by dividing this change in work-trip VMT by 
the base household work trip VMT and converting to a 
percent. 

In line 3, revised household nonwork VMT is calculated 
as a function of base nonwork VMT from worksheet I, 
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1. BASE VANPOOI. DATA 

VanoolCharactenst.cs 
Estimated Vanpool Average 	n- Circuity 

Modal Share pool Occupancy Factor 

I 	I I 	1 I 	I 

POLICY:  

SUBGROUP: 

change in Vanpool Level of Service 

AIVTTV 	AOVTTv 	 tCPTC,, 

I 	I 	I 	I 

REDUCTIONS IN MODAL SHARES 

Est. Vanpool 
Modal Share 

Base Transit 
Share 

ATransit 
Share 

Transit F 	lxi 1=1 I 
Est.pool 

I Modal Share Transit Share  Drive Alone Share 

Drive Alone 	r - 	I 	I x 	I 	.5 	I = 	I 

Sharede 	{i 	i-i 1}XL 5  1=1 
eShared Ride Share 

I 

REVISED MODAL SHARES 

Transit 

Drive Alone 

Shared Ride 

4. CHANGE IN VANPOOL UTILITY 

AUTILITY = -•°' 	I 	x 
Trip Length 

+1_-IIj! lx 
Income 

Base Modal 
Share 

óModal 
Share 

Revised 
Modal Share 

I 	I-F 1=1 I 

I 	I-I 1=1 

AIVTT 

I 	I =1 I 
AOVTT  

- 
LOPTCV  

Average Van- 
pool Occupancy 

+1 -29.0 .+ 	 I X 

TOTAL CHANGE 	I 	I 
Figure D-13. Worksheet 111-B—Estimation of revised modal shares resulting from van pooling. 
Source: Adapted from Ref. (3). 

change in number of autos remaining at home and avail-
able for nonwork purposes (which, in turn, has been cal-
culated by entering, as indicated, the base autos used per 
worker from worksheet I and the revised number of autos 
used from line 1), and the number of workers per house-
hold from worksheet I. 

Change In total VMT is calculated in line 4 by sub-
tracting base total VMT from revised total VMT, where 
the base total is from worksheet I and the revised total is 
the sum of revised work trip VMT in line 1 and revised  

nonwork VMT in line 3. To calculate the percentage 
change in total VMT, divide this change in total VMT by 
the base total VMT and convert to percentage terms. 

On worksheet V (Fig. D-15), changes in household work 
and total VMT are summarized, and areawide average 
changes are calculated based on changes estimated for each 
population subgroup on separate copies of worksheet IV. 
For each population subgroup, the following data from 
the appropriate worksheets are summarized: 

Subgroup percent of total population (worksheet I); 
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Base work trip and total household VMT (work-
sheet I); 

Changes in work trip and total household VMT 
(worksheet IV, lines 2 and 4); and 

Percent changes in work trip and total household 
VMT (worksheet IV, lines 2 and 4). 

To calculate the average areawide base values and 
changes in both work trip and total household VMT, 
multiply the subgroup values of each VMT figure by the 
corresponding percent of population to get normalized 
values; then, sum the normalized values over all defined  

population subgroups to obtain areawide average values. 
The methodology for converting the VMT changes into 
fuel consumption changes is discussed under the heading 
"Fuel Consumption Technique." 

Percent changes in work trip and total VMT are calcu-
lated by dividing the average areawide changes by the 
average areawide base VMT and converting to a per-
centage. 

Worksheet V-A (Fig. D-16) can be used to summarize, 
for each population subgroup, base modal shares (from 
worksheet I) and revised modal shares (estimated for each 
subgroup on separate copies of worksheet III), as well as 
to compute average areawide modal shares. For each 

POLICY___________ 

1. REVISED HOUSEHOLD WORK TRIP VMT 
	

SUBGROUP__________________ 

Revised Revised Revised Revised 
Shared Ride Average Drive Alone Autos Used 
Modal Share Carpool Size Modal Share Per Worker 

1+1 ll ll_____ 

Revised 
Autos Used 	No. of Workers 	Work Trip 
per Worker 	per Household 	Length Auto VMT 

I 	lxi 	lxi 	Ix!  
Revised 	Average Vanpool 
Vanpool 	Vanpool 	No. of Workers 'Work Trip Circuity Vanpool 
modal Share 	Occupancy 	per Household 	Length Factor VMT 

1l _ lx x xi _ lx! _2.0  I 

Total Revised  
Household 
Work VMT 

CHANGE IN HOUSEHOLD WORK TRIP VMT 

Revised Household Base Work Change in 	Base Work 	 W. Change in 
Work-Trip VMT Trip VMT 	Work Trip VMT Trip VMT 	Work Trip VMT 

1=F 	 xi 100 l=L 	I 
REVISEDHOUSEHOLD NON-WORK TRIP VMT 

Base 
Autos Used 

{

per Worker 

i 

Revised 
Autos Used 
per Worker 

Change in 
No. of Workers 	Autos RemaIning 
per Household 	per Household 

1=1 l}xl 
Change in 
Autos Remaining 	 Base Non - 	Revised Non- 

I
per Household 	____ 'Work VMT 	Work VMT 

i 	lxi_.08 Ii_1.0 ixl 	1=1 

CHANGEIN_TOTAL HOUSEHOLD VMT FROMBASE 

Revised Work Revised Non- Revised 
Ti VMT 	WorkVMT 

_ 
TotalVMT 

+i 	1=1 
BaseTotalVMT 

%Changein 
Total VMT 

Change in 
Total VMT  . 	x - 

Figure D-14. Worksheet I V—Estimation of changes in VMT. Source: Adapted from Ref. (3). 
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W
flftAk x 

AVERAGE 	= 
Subgroup 

Averacie 	Average 
tiVMT 	VMT 	% AVMT 

Work 
Trip: I_H_IxIiooJ=I_I 

Total: 	 . 1_ 	X 100 	= 	I 
Figure D-15. Worksheet V—Summary of changes in VMT. Source: Adapted from Ref. (3). 

population subgroup, enter from the appropriate work-
sheets the data on: 

Base work-trip modal shares for drive alone, shared 
ride, transit, and "other" (worksheet I); 
Revised drive alone, shared ride, transit, other, and 
vanpooling modal shares (worksheet III, line 3); 
and 
Class percent of population (worksheet I). 

To calculate average areawide base and revised modal 
shares, multiply the subgroup values of each modal share 
by the corresponding percent of population to get normal-
ized values; then, sum the normalized values over all 
defined population subgroups to obtain areawide average 
values. 

Several additional analysis outputs can be derived from 
the data developed on worksheets V and V-A. These 
include average auto occupancy, distribution of auto occu-
pancy, and expansion of areawide household averages to 
areawide totals. 

Average auto occupancy is defined as the number of 
commuters traveling by auto divided by the number of 
autos used. In terms of the household averages calculated 
on worksheets III and V-A, the number of auto commuters 
is given by the sum of the drive-alone and shared-ride 
modal shares; the number of autos used is the sum of the 
drive-alone modal share and that portion of the shared-ride 
modal share representing auto drivers, which is given by 
the shared-ride modal share divided by average carpool 
size. 

To determine the distribution of auto occupancies, the 
share of each relevant occupancy level (i.e., single occu-
pant, 2-person carpools, 3+ person carpools) and the 
average number of autos used per worker are required. 
The fraction of autos used for any given occupancy level, 
then, is defined as the average number of autos used per 
worker at that occupancy divided by the average total 
number of autos used per worker. In terms of household 
averages, the average number of autos used per worker 
for a given occupancy level is given by the share of that 
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Worksheet V-A—Summary of changes in modal shares. Source. Adapted from Ref. 

occupancy level divided by the occupancy (i.e., for single 
occupant autos, this would be the drive-alone modal share 
divided by 1; for autos with 2 occupants, this would be 
the 2-person carpool share divided by 2). The average 
total number of autos used per worker is the sum of the 
autos used at each occupancy level. 

Expansion of household or worker averages to subgroup 
or areawide totals is accomplished straightforwardly by 
multiplying these averages by the appropriate subgroup or 
areawide population. For example, total subgroup or 
areawide VMT would be the product of average household 
VMT and the number of subgroups or areawide house-
holds. The areawide total number of autos used for work 
trips would be the average number of autos used per 
worker times the number of workers areawide (which 
would be the product of the average number of workers per 
household and the number of households areawide). 
Similarily, the total number of autos used at each occu-
pancy level would be the average number of autos used per  

worker at each occupancy level times the number of 
workers. 

The changes in travel demand are input into the fuel 
consumption technique to estimate the change in fuel 
consumption due to program measures to increase carpools, 
vanpools, and public transit. The fuel consumption tech-
nique is described in the next section. 

FUEL CONSUMPTION TECHNIQUE (STEP 7) 

This section describes Step 7. of the process for estimating 
energy consumption changes due to alternative transporta-
tion actions. The fuel consumption estimation technique 
described here converts travel-demand changes due to 
alternative actions into fuel consumption changes. 

The energy efficiency of any transportation mode is pri-
marily based on two factors: (1) the efficiency of the 
vehicle itself, commonly expressed in terms of miles per 
gallon (mpg); and (2) how the vehicle is used within any 
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transportation system, which can be expressed in terms of 
many different variables. Thus, for conventional ground 
vehicles such as the automobile and van, the weight of the 
vehicle and the operating conditions of the system such as 
speed, frequency of stops, and congestion primarily deter-
mine over-all vehicle efficiency. 

Figure D- 17 shows the nationwide average automobile 
fuel economy from 1965 to 1975. In the period prior to 
the 1973-74 fuel embargo, the average fuel economy of 
the automobile fleet decreased from 14.07 mpg in 1965 to 
13.10 mpg in 1973. There was an increase in the number 
of subcompact cars in the vehicle fleet during these years 
(see Fig. D-18). However, it appears that increases in 
fleet fuel economy due to shifts to smaller cars were more 
than offset by increased use of power consuming accessories 
such as air conditioning. For example, airconditioning, 
while in use, typically causes a 9 percent fuel penalty at 
70 F and a penalty as high as 20 percent may occur on hot 
days in urban traffic (16). 

As a result of the fuel embargo and subsequent increases 
in the price of gasoline, the long-term downward trend 
in fuel economy was reversed in 1974. Average fuel 
economy increased from 13.10 in 1973 to 13.49 in 1974 to 
13.53 in 1975. 

This upturn in fuel economy is expected to continue at 
an accelerating rate through 1985, primarily as the result 
of the Energy Policy and Conservation Act (EPCA) 
enacted in 1975. EPCA mandates average fuel economy  

standards for passenger automobiles produced by any 
manufacturer for each model year after 1977. These 
standards are as follows: 

Average Fuel Economy 
Model Year 	 Standard (in mpg) 

1978 18.0 
1979 19.0 
1980 20.0 
1981 	 . 22.0 
1982 24.0 
1983 26.0 
1984 27.0 
1985 and thereafter 27.5 

As a result of EPCA, it is estimated that the average 
nationwide fuel economy will increase to at least 16.5 
mpg in 1980 and to 23.0 mpg in 1990 (18). 

Automobile fuel economy is affected not only by vehicle 
attributes, but also by the conditions under which the 
vehicle is operated. Operating conditions that affect fuel 
economy include highway geometry, pavement type and 
condition, speed, frequency of speed changes and stops, 
and average trip length. Figures D-19 and D-20 show the 
effect of highway curvature and grades on gasoline con-
sumption at different uniform speeds. Figure D-21 shows 
the effect of diffeient types of surfaces. Figure D-22 shows 
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1 

the effect of different congestion levels and the frequency 
of stops. Figure D-23 shows the effect of changes in trip 
length. 

Taking all these factors into account fully in fine-tuning 
automobile fuel economy for local conditions would 
require a considerable amount of data collection and 
analysis. Working at this level of detail may be appropriate 
for highway project planning or for detailed traffic man-
agement studies. However, for the purpose of this man-
ual—estimating the effects on energy consumption of 
policies to promote carpooling, vanpooling, and transit 
usage—this fine-tuning would not appear to be justified 
given the amount of time and effort required and the 
relatively small increases in the over-all accuracy of the 
results. 

Instead, it is recommended that the average mpg values 
given in Table D-10 be used to assess the effects of changes 
in automobile use on energy consumption. This table 
enables the analyst to take into account the effect of EPCA 
in conducting energy analysis for different future years. 
Other factors, such as speed, congestion levels, and highway 
design, are taken into account through the use of average 
fuel economies for different geographic areas. 

If the policies being analyzed include increases in van-
pool VMT or public transit service (as measured in transit 
vehicle-miles), the energy requirements associated with 
providing these service increases should be taken into 
account in determining total changes in energy consump- 

. 

tion. For this purpose, typical fuel economies for various 
types of transit services are provided in Table D- 11. 

As can be seen in Table D-1 1, 10 mpg is a typical fuel 
economy for the types of vans used in vanpooling pro-
grams. The change in vanpooling VMT (as estimated using 
the travel demand change technique discussed earlier) is 
divided by 10 mpg to determine the amount of energy 
consumed by vanpool operations. A more accurate esti-
mate of the energy consumed by vanpool operations can 
be made if data on the fuel economy rating of the specific 
type of van to be used are available. 

In Table D-11, the thermal energy requirements for 
various types of rail service have been converted into motor 
gasoline equivalents. This provides a basis for assessing 
total energy requirements for different modes in com-
parable terms. However, it should be noted that in 1975 
only about 16 percent of the electrical energy produced 
on a nationwide basis was derived from petroleum. The 
remaining 84 percent is produced from coal (44 percent), 
dry natural gas (16 percent), hydroelectric (16 percent), 
and nuclear (8 percent) sources. Since the conservation of 
petroleum is more critical than the conservation of energy 
from other sources, it may be misleading to report only 
total energy changes in assessing policies involving in-
creased rail transit service. For this reason, it is recom-
mended that a distinction be made between highway use of 
motor fuel and energy requirements for rail transit services 
in reporting the results of analyses. 
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Figure D-20. Automobile fuel consumption as affected  by speed and gradient. 
Source: Ref.  (19). 

APPLICATION RESU LTS AND IMPLICATIONS 

Application Results 

The procedure for estimating energy reduction due to 
program measures to encourage carpools, vanpools, and 
public transit, as described in Steps 1 through 7, was tested 
in the State of Georgia. Three specific policies for three 
areas in Georgia were tested: (1) preferential traffic con-
trol for multiple-occupant vehicles on 1-75 in northwest 
Atlanta, Ga.; employer-based carpool-matching and pro-
motion program in Augusta, Ga.; and express transit 
service from Atlanta to Macon, Ga. These policies and 
the applicable subareas in the State are under consideration 
for implementation. This was the primary reason for their 
selection; also, these policies illustrate the use of the pro-
cedure very well. 

Preferential Traffic Control for Multiple-Occupant Vehicles 

This policy consists of upgrading a four-lane facility 
(1-75 in northwest Atlanta) to eight lanes with two lanes  

reserved for high-occupancy vehicles (HOV). The reserved 
lanes will be 12 mi long running from South Marietta Loop 
to Northside Drive, as shown in Figure D-24. It is pro-
posed in the Atlanta Regional Transportation Plan to 
implement this policy by the year 2000; therefore, the base 
data for this policy are for year 2000. 

The specific data available for the Atlanta region for the 
year 2000 are as follows: 

Regional Population = 3.5 million 
Regional Land Area = 1,313,801 acres 
Auto per Household = 1.5 
Auto Occupancy for All Trip Purposes = 1.6 
Auto Occupancy for Work Trips = 1.3 
Persons per Household = 3.17 
Annual Income = $32,400 

These data were used to develop the baseline travel demand 
data previously described under the heading "Travel De-
mand Baseline." The computations are presented at the 
end of this manual under the heading "Worksheets for 
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Application to Georgia." The baseline travel demand data 
were input into the travel demand change technique as 
described earlier in the section on "Travel Demand Change 
Technique." The resulting worksheets are presented in the 
section on "Worksheets for Application to Georgia." The 
change in VMT due to the reserved lanes was converted 
into change in energy consumption using the fuel con-
sumption technique. 

Table D-12 summarizes the results. Because of the HOV 
reserved lanes, the drive-alone share decreases by 6 percent 
with 5 percent moving into carpools. The resulting VMT 
decreases by 2.7 percent, which amounts to 74,000 mpd. 
This results in a savings of 2,700 gal of fuel per day. 

Employer-Based Carpool-Matching and Promotion 
Program 

This policy consists of working with medium- and large-
size employers in Augusta, Ga., to set up a carpool 
matching and promotion program. No population sub-
group was used for this policy. A subgroup for those 
persons employed at Fort Gordon, a major military facility 
in Augusta, was planned. However, because of unavail-
ability of data, this subgroup was dropped. 

The specific data available for Augusta are as follows: 

Regional Population = 212,000 
Population Density = 1,500 persons per square mile 
Autos per Household = 1.45 
Annual Income = $8,600 

These data were used to estimate the change in travel 
demand and the resulting change in fuel consumption 

using the procedure outlined in previous sections. The 
assumptions, computations, and the worksheets are in-
cluded in the section on "Worksheets for Application to 
Georgia." Table D- 13 summarizes the results. The drive-
alone share reduces by 5 percent; however, the reduction in 
VMT is small (less than 1 percent). This VMT reduction 
results in savings of about 260 gal of fuel per day. The 
results compare well with other studies (2). 

Express Transit Service 

This policy consists of implementing an express or 
high-speed bus service frqm Atlanta to Macon, Ga. An 
average line-haul speed of 55 mph would be obtained using 
1-75 for the major portion of the trip (see Fig. D-25). 
In congested areas, particularly Atlanta, some preferential 
treatment will be used. This will consist of a contrafiow 
lane from the perimeter highway (1-285) around Atlanta 

TABLE D-10 

AUTOMOBILE FLEET FUEL ECONOMY (MPG) 
ESTIMATES BY GEOGRAPHIC AREA AND YEAR—
SOURCE: REF. (21) 

1974 1980 1990 

CBD 10.0 12.2 17.0 

Urban Areas 12.0 14.7 20.4 

Rural Areas 15.7 19.2 26.7 

Average All Areas 13.5 16.5 23.0 
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TABLE D-11 

PROPULSION FUEL CONSUMPTION BY MODE-
SOURCE: REFS. (22, 23, 24) 

Fuel Economy (gasoline) 

miles/gallon 	gallons/vehicle-mile 

Dial-a-Bus 5.2 0.192 

School Bus 5.0 0.200 

Transit Bus 3.9 0.256 

Express Bus 4.0 0.250 

Intercity Bus 5.4 0.185 

Computer Rail 2.0 0.500 

*NYC Subway 2.2 0.455 

*Trolley 2.5 0.400 

*BART 2.2 0.455 

Van 10.0 0.100 

The thermal electrical energy requirement is converted to 
petroleum energy. 

to the CBD. Iiiteimediate stops will be located at 1-75 
interchanges at Forsyth, Griffin, and Jonesboro. The dis-
tance of the trip is approximately 80 mi. The proposed 
system will have a headway of 2.8 min during peak periods. 

The specific data available for the Atlanta-Macon 
corridor are as follows: 

Regional Population = 2,096,280 
Auto Occupancy for All Purposes = 1.5 
Transit Trips = 0.6% 
Average Household Income = $10,131 
Average Work Trip Length = 1.8 mi 

These data were used to estimate the change in travel 
demand and the resulting change in fuel consumption using 
the procedure described in the previous sections. The 
assumptions, detailed computations, and the worksheets are 
included in the section on "Worksheets for Application to 
Georgia." Table D-14 summarizes the results. The drive-
alone share is estimated to reduce by 2 percent. There 
was no significant change in the transit share as the time 
savings were offset by the increase in fares. The VMT 
reduction results in savings of about 900 gal of fuel per day. 

Resource Requirements 

The procedure, as described in the previous sections, is 
a manual procedure, requiring the use of a desk calculator. 
To apply the three policies required about six person-days. 
This included assimilation of data (no new data collection 
was necessary), analysis, and review of results. 

Evaluation of Results 

Table D- 15 summarizes the results of the application 
of the procedure to the three policies in Georgia. The 

TABLE D-12 

SUMMARY RESULTS OF IMPLEMENTING 
PREFERENTIAL TRAFFIC CONTROL FOR 
MULTIPLE-OCCUPANCY VEHICLES 

PARAMETER BASELINE 

REVISED 
POLICY 
EFFECT 

cHANGE 
FROM 

BASELINE 

Drive Alone Share 78% 72% -6% 

Shared Ride Share 18% 23% +5% 

Transit Share 4% 5% +1% 

Average Carpool Size 2.47 2.50 +.03 

Work VMT Per Household 23.7 22.5 -1.2 

Nonwork VMT Per Household 16.6 16.7 +0.1 

Total VMT Per Household 40.3 39.2 -1.1 

Autos Used Per Worker 0.85 0.81 -0.04 

VMT Reduction Per Day = 74,000 miles 

Energy Saved Per Dy = 2,700 gallons of fuel 

results agree with the expected savings documemted in the 
literature (2, 26, 27). However, the procedure should be 
used noting the following caveats: 

1. The baseline travel demand technique is a simplistic 
approach to estimation of data required for the travel 
demand change technique. The technique is based on 
national, state, and regional data available in the literature. 
Wherever possible, locally available data should be used. 
In particular, Table D-2 should be used with caution. The 
auto occupancy for work trips has been found to be less 
than 1.4 persons for several areas. The auto occupancy 
for all trip purposes was also found to be less than 1.9 for 
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some areas. The error in estimating VMT reductions 
could be in the range of 10 percent. 

2. The population subgroups to be developed for use in 
the travel demand change technique is a function of data 
availability. The larger the stratification, the greater is 
the reliability of the resulting predictions. However, larger 
stratifications require a corresponding increase in data and 
compilations to the extent that data on stratification may 
not be known with any degree of certainty. 

3. The changes in transportation level of service for 
worksheet II in the travel demand change technique should 
be developed in an iterative manner, because the change in 
in-vehicly travel time will depend on the changes actually 
made by commuters. The procedure would be as follows: 

Estimate the effect of the policy in terms of travel 
time changes for the users of each of the corridor 
facilities potentially affected. (This is a prelim-
inary estimate representing a "best guess" of the 
actual equilibrium value that would occur.) 
These travel time changes are then used to predict 
changes in modal shares and carpool size shares 
for the corridor as a whole, using the travel de-
mand change technique. 
For the auto modes, the new volumes are then 
further assigned to a specific facility (expressway 
vs. arterial) using a route diversion model. 
Based on these revised volumes of modes and 
facilities, a check is made using a series of supply 
models (i.e., volume-capacity/speed curves and 
queuing model) to predict travel times if these 
volumes actually did occur. 
These new estimates of travel times obtained from 
the supply models are then compared with the 
initial estimates made in item a. If significant 
differences exist, the initial estimates of travel-
time changes are revised and the procedure is 
repeated from item a. If they are essentially in 
agreement, the results are in "equilibrium" and the 
analysis can proceed to the VMT calculations. 

4. The fuel consumption technique presents average 
values of fuel consumption for different geographic areas. 
The technique accounts for the effect of EPCA in con-
ducting energy analysis for different future years. It also 
accounts for other factors, such as speed, congestion levels, 
and highway design. The objective of this procedure is to 
determine differences in travel demand and fuel consump-
tion between a program measure and the base condition. 
The emphasis, therefore, is more on relative changes than 
in estimation of absolute values. The fuel consumption 
technique provides reasonable values. However, if very 
precise results are desired, the relationship between fuel 
economy and the operating conditions of the vehicle (Figs. 
D-19 through D-23) may be used. 

Implications of Statewide Decision-Making 

The application of the procedure for estimating travel 
and energy impacts of transportation actions to Georgia 
indicates that this procedure can be used to assist states to 
carry out the State Energy Conservation Plan as required 

TABLE D-13 

SUMMARY RESULTS OF IMPLEMENTING 
EMPLOYER-BASED CARPOOL-MATCHING 
AND PROMOTION PROGRAM 

PARAMETER BASELINE 

REVISED 
POLICY 
EFFECT 

CHANGE 
FROM 

BASELINE 

Drive Alone Share 71% 66% -5% 

Shared Ride Share 25% 30% +5% 

Transit Share 4% 4% 0% 

Average Carpool Size 2.5 2.5 

Work VMT Per Household 7.5 7.4 -0.1 

Nonwork VMT Per Household 10.4 10.4 

Total VMT Per Household 17.9 17.8 -0.1 

Autos Used Per Worker 0.79 0.78 -0.01 
VMT Redumtiar, Per Day 3.500 miles 

Energy Saved Per Day = 260 gallons of fuel 

TABLE D-14 

SUMMARY RESULTS OF IMPLEMENTING EXPRESS 
TRANSIT SERVICE 

PARAMETER BASELINE 

REVISED 
PQLIçY 
EFFECT 

CHANGE 
FROM 

BASELINE 

Drive Alone Share 73% 71% -2% 

Shared Ride Share 26% 28% +2% 

Transit Share 1% 1% 0% 

Average Carpool Size 2.5 2.5 

Work VMT Per Household 41.5 41.0 -0.5 

Nonwork VMT Per Household 29.8 29.83 -.03 

Total VMT Per Household 71.3 70.83 -.47 

Autos Used Per Worker 0.83 0.82 -.01 

VMT Reduction Per Day = 12,400 miles 

Energy Saved Per Day = 900 gallons of fuel 

by the 1975 Energy Policy and Conservation Act. The 
procedure estimates energy reductions for program mea-
sures to increase the use of carpools, vanpools, and public 
transportation. 

In order to achieve the energy consumption goals of the 
state, it will be necessary to combine individual actions 
(see Table D-9) in "packages," which together can achieve 
a greater reduction in energy usage. Such action packages 
can utilize the interactive effects of the individual actions 
to achieve reductions greater than the sum of individual 
expected savings. This interactive effect is particularly 
relevant in the case of measures to improve flow of high-
occupancy vehicles. Expected energy savings from such 
actions are generally a small percentage of total statewide 
energy consumption. However, when linked with other 
actions, such as employer-based carpool-matching program 
or employer-sponsored vanpools, traffic flow improvements 
can be important. 
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TABLE D-15 

GEORGIA APPLICATION RESULTS 

POLICY 
VMT REDUCTION PER DAY/ ENERGY REDUCTION PER DAYI 

MILES PERCENT GALLONS PERCENT 

Preferential 	74,000 2.7 2,700 2.7 
Traffic Lanes 
for Multiple 
Occupant Vehicles 
on 1-75 in North- 
west Atlanta in 
year 2000 

Employer Based 	3,500 0.6 260 0.6 
Carpool Match- 
ing & Promotion 
Program in 
Augusta 

Express Transit 12,400 0.7 900 0.7 

Service from 
Atlanta to 
Macon on 1-75 

L'Reduction from the base condition. 

WORKSHEETS FOR APPLICATION TO GEORGIA 

This section presents the assumptions and the detailed 
computations for application in Georgia of the procedure 
to estimate travel-demand change and fuel-consumption 
change due to transportation actions. 

Preferential Traffic Control for M ultiple-Occu pant Vehicles 

Data available for the Atlanta region for the year 2000 
are as follows: 

Regional Population = 3.5 million 
Regional Land Area = 1,313,801 acres (2053 sq mi) 
Autos Per Household = 1.5 
Auto Occupancy for all Trip Purposes = 1.6 
Autos Occupancy for Work Trips = 1.3 
Persons Per Household = 3.17 
Annual Income = $32,400 

Step 1. Determine Appropriate Areas for Analysis 

This policy will be implemented on the urban freeway 
1-75 in northwest Atlanta. Two lanes will be reserved for 
high-occupancy vehicles. The reserved lanes will be 12 
mi long, running from Marietta Loop toNorthside Drive. 

Step 2. Determine Population Groups Affected 

It is assumed that those commuters who are using 1-75 
will be affected by this policy. Because of data unavail-
ability, it is assumed that all modes are available to the 
commuters using the facility. 

Step 3. Determine a Baseline for Travel Demand 

Trip Generation-Using Eq. D-1, 

_____ 3,500,000 1 
UTF= 1:00 
	

2053 Xj1.l4 

Using Eq. D-2, 

Total Person Trips = 2.6- 0.0917 X 1.14 
= 2.50 trips/capita 

Mode Split-Using Eq. D-3, 

Transit Trips = 0.05 X  1.14 = 0.06 trips/capita 

Using Eq. D-4, 

Auto Trips = 2.5 - 0.06 = 2.24 trips/capita 

Auto Occupancy-Using Eq. D-5, 

2.44 
Vehicular Trips =1.6 = 1.53 trips/capita 

Trip Purpose Split-The trip purpose split for auto- 
mobiles from Table D-3 is: 

Work Trips (WAPP) = 35% = 0.35 X 1.53 
= 0.54 trips/capita 

Nonwork Trips (WAPP) = 65% = 0.65 X 1.53 
= 0.99 trips/capita 

Trip purpose split for transit from Table D-4 is: 

Work Trips (WTRPP) = 43% = 0.43 X 0.06 
0.03 trips/capita 
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Intracity-Intercity Split-Intercity trips to which the 
policy is not applicable are assumed to be negligible. 

Trip Length-Using Eq. D-8, 

L = 0.46 (3.5 X 10) = 8 mi 

This trip length was increased to 12 mi to take into con-
sideration the longer work trip length for the commuters 
using the corridor. Using Eq. D-9, 

NWL= 1.74 (.3)(12) =5.3 mi 

Auto-Occupancy Distribution-Using Eq. D-12, the 
auto-occupancy distribution for 1.3 average occupancy is: 

Y1  = 164.6-64.6 (1.3) = 81 percent 
= 43.9 + 43.9 (1.3) = 13 percent 

Y. = - 11.2 + 11.2 (1.3) = 	3 percent 
= -9.5 	+ 9.5 (1.3) = 3 percent 

Using Eq. D-14, 

WAHH = 0.5 [0.54 x 1.3 x 3.17] = 1.11 work auto trips! 
household 

Using Eq. D-15, 

WTRHH = 0.5 [0.03 x 3.17] = 0.05 work transit trips! 
household 

Using Eq. D-13, 

W1-IH = 1.11 + 0.05 = 1.16 work transit trips per 
household 

Using Eq. D-16, 

NWAHH = 0.99 X 3.17 = 3.14 nonwork auto trips 
per household 

Using Eq. D-17, the work-trip share by mode is: 

11 81 X  1 	- - 	. 
Drive-Alone Share (DA) - 

	
0.78 

100 x 1.16 - 

Shared-Ride Share (SA) = _ 19 X 1.11 _ = 0.18 
100 x 1.16 
0.05 

Transit Share (TR) = 1.16 = 0.04 

Using Eq. D-18, 

AW =0.18 
X 0.78 = 0.85 auto trips per worker 

The average carpool size was estimated using the auto-
occupancy distributions. 

Y., Average Carpool Size = 2 x 
(1 - YO 

+3X )+4x Y
4 	 13 

(1  (1-Y1) 1=2X-1- 

+ 3 X - + 4 x -- = 2.47 persons 

Using Eq. D-19, 

WVMTHH = 0.85>< 1.16 X 12 X 2 = 23.7 mi 

Using Eq. D-20, 

NWVMTHH = 3.14 X 5.3 = 16.63 mi 

The estimated data base is recorded on worksheet I 
(Fig. D-26). 

Step 4. Translate Policy into Transportation Level of 
Service Changes 

The in-vehicle travel times were calculated using the 
Capacity Manual by determining operating speeds for the 
before and after condition. It was assumed that 20 percent 
of the vehicles will use the reserved lanes. The out-of-
pocket travel cost was calculated using the tables from 
"Economic Analysis for Highways" by Robley Winfrey. 
The operating cost figures were adjusted to take care of 
increased fuel cost. Speed change cycles were assumed in 
order to take into consideration the cost of congestion. 
The results of Step 5 gave a revised shared-ride modal share 
of 23 percent, which, compared with the assumed 20 
percent, indicated that another iteration may be necessary. 
However, a value greater than 20 percent may cause 
enough congestion in the reserved lanes to discourage 
people from carpooling. Therefore, 20 percent was used to 
determine the in-vehicle travel time. The values computed 
are shown on worksheet II (Fig. D-27). 

Step 5. Estimate Revised Work-Trip Modal Shares 

The revised work-trip modal shares are estimated as 
described in section on "Travel Demand Change Tech-
nique." These estimates are shown on worksheet III (Fig. 
D-28). 

Step 6. Estimate Changes in VMT, Auto Occupancy, and 
Other Travel-Related Variables 

These changes are computed and shown on worksheet 
IV (Fig, D-29). 

Step 7. Estimate Changes in Energy Consumption 

The estimated reduction in VMT is divided by the aver-
age fuel economy of the vehicle fleet in the year 2000 
(estimated at 27.5 mpg) to obtain changes in energy 
consumption. This was multiplied by the number of 
households who would be using the reserved lanes. 

VMT Reduction per Household = 1.1 mi 
No. of Households Affected = 67,300 

Energy Saved per Day = 1.1 X 67,300 
 27.5 	

= 2,700 gal 

EmpIoyerBased Carpool-Matching and Promotion Program 

Data available for the Augusta region are as follows: 

Regional Population = 212,000 
Population Density = 1500 persons per sq mi 
Autos per Household = 1.45 
Annual Income = $8,600 
Population Subgroup Affected = 50 percent (estimated) 

Step 1. Determine Appropriate Areas for Analysis 

The area for analysis is the Augusta region. 
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Worksheet I. Base Data 
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Figure D-26. 

Step 2. Determine Population Groups Aflected 

The policy will consist of working with medium- and 
large-size employers to set up a carpool-matching and 
promotion program. It is estimated that 50 percent of the 
employees work for medium- and large-size employers. 

No other subgroups were defined because of the unavail-
ability of data. 

Step 3. Determine a Baseline for Travel Demand 

1. Trip Generation—Using Eq. D-1, 



Worksheet II. Changes in Transportation Level of Service 
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Figure D-27. 

UTF=-1--X1500X 1 - 1.03 
1.4 

Using Eq. D-2, 

Total Person Trips = 2.6— 0.0917(1.03) 
= 2.5 trips/capita 

Auto Trips = 2.5 - 0.05 = 2.45 trips/capita 

3. Auto Occupancy—Using Eq. D-5, 

2.45 
Vehicular Trips == 1.63 trips/capita 

2. Mode Split—Using Eq. D-3, 

Transit Trips = 0.05 X 1.03 = 0.05 trips/capita 

Using Eq. D-4, 

4. Trip Purpose Split—The trip purpose split for auto-
mobiles from Table D-3 is: 

Work Trips = 30 percent 
Nonwork Trips = 70 percent 
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Worksheet III. Estimation of Revised Work-Trip Modal Shares 

POuCY HOV Lanes 
SUBGROUP__________________ 

CHANGE IN UTILITY FOR EACH MODE 	AIVTTda  

Drive Alone 	 AUTILITY = -.015x 1 7. 2  
______ Trip Length 	AOVTT1s.  

+ l-.

__

16 	 xo 1=1 o I 
income 	tOPTC,j  

-29.0 

TOTAL CHANGE  

Shared Ride 	AUTILITY 	= 	-015 	Ix 
d ,Vi;  

[12 I 
Trip Length 

+le 	1~1 	12 ]xI 
AOVTT, 

0 	] =1 	o 	I 
_________ 	 Income 

-29.0 l+,4O0lXl 2 

Average Car- 
AOPTC

w

ISize  

_-11 	° ).5_ILflfl4_1 

±1 .29 	lxi  
Incentives  

TOTALCHANGE 	1+.1841 

Trensit 	 AUTILflY = J_-.015 ix 1_-12 i 
lvii,  

= 	18 I 

+ _-.16 1  
Trip Length 	OVTT,  

1_121x1_() 1=1 
________ 

+1_-29.0 I~132,4OclXl 
Income 	OPTC,  

_0 1=1 _0 I 

REVISEDMODALSHARE 	 TOTAL CHANGE  

Base ModalShare 	AUtility 	Total 	Revised Share 

Drive Atone 	1_.78_IXExPI_.1161=F_..69c_k[g9]=I_.72_I 
______________ 	 _____________  

Shared Ride =1.18_lXEJI.1841=1_. 216 1~1 .59II_.23 

TransIt 	 1_.04IXEXPI_.1Q]=[_.048 1~1_.959j1_.05 _I 
Vanpool I_1x'I_1=1_14-1 

Other 1_IX to 	 1~1_1=1_I 
'a' 	_ •959j 

Figure D-28. 
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Worksheet IV. Estimation of Changes In VMT 

pcicy _HOV Lanes 

REVISED HOUSEHOLD WORK TRIP VMT 
	

SUBGROUP__________________ 

Revised Revised Revised Revised 
Shared Ride Average Drive Alone Autos Used 
Modal Share Carpool Size Modal Share Per Worker 

1+! 2.5 	1+1 .7211 0.811 
Revised 
Autos Used 	No. of Workers 
per Worker 	per Household 

1 0.81 lxi 	1.16]xi 

Work Trip 
Lericith 

i2jxj 2.0 	J 	 R  
Auto VMT 

122.6 	1 
Revised 	Average 

_ 
anpoo 

Nftnpool 	Vanpool No. of Workers Work Trip 
Modal ShareOccupancy 	per Household Length Factor  VM 

1* 1 	lxi 	lxi jx Jx  

Total Revised _________ 
Household [j2.6 I Work VMT 

CHANGEINHOUSEHOLDWORKTRIPVMT 

Revised Household Base Work Change in 	ease Work 	 % Change in 
Work-Trip VMT Trip VMT Work Trip VMT Trip VMT 	Work Tripp 

122.61123.7 I=I_i.11]4'123.71x1_100 1i-4.61 

REVISED_HOUSEHOLD_NON-WORK TRIPVMT 
Base 
Autos Used 

Revised 
Autos Used No. of Workers L'ZJaIning 

perWorker 

_ 
per Worker per Household per Household 

rsI]-i .81 lxI 1.16li _.05 I 
Changem 
Autos Rerneining 
per Household  __ Base Non - 

Work VMT 
Revised Non-
Work VMT 

.05lxi_.08 

______ 
_'0 l}xI _16.6 1=116.7 I 

CHANGEIiiTOTALHOUSEHOLD VMT FROMBASE 

Revised Work Revised Non- Revised 
Trip VMT 	Work VMT 	TotalVMT 

122.514116.71=139.2_I 
BaseTotalVMT 

-140.3_I 
Total VMT 

Change m 

Figure D-29. 	
Total VMT 	I_1.1 1 + 140.3_1 X 

Trip purpose split for transit from Table D-4 is 

Work Trips (WTRPP) = 55.6% = 0.556 X 0.05 
= 0.3 trips/capita 

5. Intracity-Intercity Split-Using Eq. D-6, 

External Vehicle Trips per Capita = 	
11.0 

= 0.09 
(212,000) 0.392  

Trip purpose split for external trips from Table D-5 is: 

Work Trips = 44 percent 
Nonwork Trips = 56 percent 

These are subtracted from work trips to obtain intracity 
work trips; thus: 

WAPP = 0.3>( 1.63 - 0.44 x 0.09 = 0.45 trips/capita 
NWAPP = 0.7 X 1.63 - 0.56 X 0.09 = 1.09 trips/capita 

6. Trip Length-Using Eq. D-8, 

L = 0.46 (212,000) 0 ' = 4.7 mi 

Using Eq. D-9, 

NWL = 1.74 + 0.3 (4.7) = 3.1 mi 
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7. Auto-Occupancy Distributions-Using Eq. D-12, the 
auto occupancy distribution for 1.4 average worktrip 
occupancy is: 

Y1 = 164.6-64.6(1.4) =74percent 
= -43.9 + 43.9(1.4) = 18 percent 
= -11.2 + 11.2(1.4) = 4 percent 
= - 9.5 + 9.5(1.4) = 4 percent 

Using Eq. D-14, 

WAHH = 0.5 [0.45 X 1.4  X  3.071 = 0.97 work auto trips/ 
household 

Using Eq. D-15, 

WTRHH = 0.5 [0.03 >< 3.07] = 0.04 work transit trips! 
household 

Using Eq. D-13, 

WHH = 0.97 + 0.04 = 1.01 work trips/household 

Using Eq. D-16, 

NWAHH = 1.09 x 3.07 = 3.35 nonwork auto trips! 
household 

Using Eq. D-17, the work-trip share by mode is: 

74x0.97 =0.71 
DA= box 1.01 

26 X 0.97 
SR 	 0.25 

100 X  1.01 
=  

TR = 0.04 =0.04 
1.01 

Using Eq. D-18, 

AW =0.25 
+ 0.71 = 0.81 autos per worker 

2.5 

Average carpool size was estimated as: 

18 4 	4 
2X=3X-=4X-=2.5persons 

Using Eq. D-19, 

WVMTHH = 0.81 x 1.01 X 4.7 X 2 = 7.7 mi 

Using Eq. D-20, 

NWVMTHH = 3.35 X 3.1 = 10.4 mi 

The computed base data are recorded on worksheet I 
(Fig. D-30). 

Step 4. Translate Policy into Transportation Level of 
Service Changes 

Since carpool incentives do not currently exist, but are 
to be implemented as part of this policy, the carpool 
matching and promotion variable was set to one. The 
cost and travel times were assumed to remain the same. 
This is documented on worksheet II (Fig. D-3 1). 

Step 5. Estimate Revised Work-Trip Modal Shares 

The revised work-trip modal shares were estimated as 
shown on worksheet III (Fig. D-32). 

Step 6. Estimate Changes in VMT, Auto Occupancy, and 
Other Travel-Related Variables 

These changes are computed and described in worksheet 
IV (Fig. D-33). 

Step 7. Estimate Changes in Energy Consumption 

The estimated reduction in VMT per household was 
multiplied by the households affected to obtain total VMT 
reduction. This was divided by the fuel economy for year 
1977 (linear interpolation between the years 1974 and 
1980). Thus: 

212,000 
No. of Households =3.07 = 69,154 

VMT Saved per Day per Household = 0.1 mi 
0.5 x 69,154 x 0.1 

Energy Saved per Day = 	
13.3 	

= 260 gal 

Express Transit Service 

Data available for the Atlanta-Macon corridor are as 
follows: 	/ 

Regional Population = 2,096,280 
Auto Occupancy for all Trip Purposes = 1.5 
Transit Trips = 0.6 percent 
Annual Income = $10,131 
Average Work Trip Length = 18.8 mi 
Commuters in Corridor = 33,000 
Persons Per Household (estimated) = 3.0 

Step 1. Determine Appropriate Areas for Analysis 

This policy will be implemented in the Atlanta-Macon 
corridor. 1-75 will be used for the bulk of the trip. In 
Atlanta, a contraflow lane for the perimeter highway 
(1-285) to Atlanta CBD will be used. 

Step 2. Determine Population Group Aflected 

About 33,000 work trips occur on this route every day. 
This will be the population group affected by the policy. 
It is assunied that the group has all modes available to 
them. 

Step 3. Determine a Baseline for Travel Demand 

For rural and small outlying areas, two vehicular trips 
per person are assumed to be generated: 

Transit Trips = 0.6 percent 
Auto Trips = 2.0 - 0.006 X 2 = 1.99 trips/capita 

Trip purpose split for automobiles from Table D-3. is: 

Work Trips (WAPP) = 31.5% = 0.315 X 1.99 
= 0.627 trips/capita 

Nonwork Trips (NWAPP) = 68.5% = 0.685 X 1.99 
= 1.36 trips/capita 

Trip purpose split for transit from Table D-4 is: 

Work Trips (WTRPP) = 0.006 X 2 X 0.556 
= 0.007 trips/capita 
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Worksheet I. Base Data 
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Figure D-30. 

Using Eq. D-9, 	 Y1 = 164.6 — 64.6(1.4) =74percent 

NWL= 1.7 + 0.3 (18.8) = 7.3 mi 
	 = —43.9 + 43.9(1.4) = 18 percent 

Using Eq. D- 12, the auto occupancy distribution for 1.4 
	 = —11.2 + 11.2(1.4) = 4 percent 

average auto occupancy (from Table D-2) is: 	 Y4 = — 9.5 +9.5(l.4)= 4percent 
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Worksheet II. Changes in Transportation Level of Service 
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Figure D-31. 

Using Eq. D-14, 

WAHH = 0.5 [.627 X 1.4 x 3] = 1.32 work auto trips/ 
household 

Using Eq. D-15, 

WTRHH = 0.5 [0.0007 x 3] = 0.01 work transit trips! 
household 

Using Eq. D-13, 

WHH = 1.32 + 0.01 = 1.33 work trips/household 

Using Eq. D-16, 

NWAHH = 1.36 X 3 = 4.08 nonwork auto trips! 
household 

Using Eq. D-17, the work-trip shares by mode are: 

74X 132 
DA= 
	

= 0.73 
IVU A 1)3 

SR= 	1.32 = 0.26 
IVU A 1..) 

TR = ____ = 0.01 

0 
0 
04 

0 
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Worksheet Ill. Estimation of Revised Work-Trip Modal Shares 

POLICY: Carpool 
SUBGROUP:___________________ 

t CHANGE IN UTILITY FOR EACH MODE 	&VTT6ia 

AUTIUTY = -.015 lx I 	I = I 	1 
________ Trip Length 	OVTT,1 

+[s 	xi 	I 
Income 	AOPTC&  

+f-29.0_1~1 JxJ  

TOTAL CHANGE 

IVTT,  

Shared Ride 	AUTILITY = - .015 Ix I 	l 	= 	1 
__ ___ Trip Length 	10VTTir  

+J_.16 .1-1 	lxi 	=1 	l 
Average Car- 

_______ 	
Income 	OPTC, 	pool Size  

-29.0 1~1_lxi_1~1_1=1 
Incentives  

+L29_lxi  
TOTAL CHANGE 	. 2 

IVTT,  

Transit 	 AJJTILITV = -.015 lxi 	I = 	 I 
______ Trip Length 	OVTT  

+J -.16 	 xi 	1=1 	I 
____ Income OPTCt  

+1_-29.0 1+1_lxi_1=1 

2. REVISED MODAL SHARE 	 TOTAL CHANGE I 0 	I 
Base Modal Share 	AUtlIlty 	__ 	 Total 	Revised Share 

Drlve Aione =1_.T[7XEXPI 	0 1=1 .71 ki1.08 1I .66 I 
____________ 	 $ 

SharedRjde =.25_lxi__.29_1=1 33 1~11.08  
______________  

TransIt 	=1 .04 lX EXP i 	0 1=1 .04 1+11.08 =L 04 I 
Varipool 	1 	1X EXP I 

I 
Other 	=iX 	1.0  

ttal 	L1.o8] 	I 

Figure D-32. 
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Using Eq. D-18, 

AW = 
	

+ 0.73 = 0.83 autos per worker 

Using Eq. D-19, 

WVMTHH = 0.83 X 1.33  X 18.8 X 2 = 41.5 mi 

Using Eq. D-20, 

NWVMTHH = 4.08 X 7.3 = 29.5 mi 

The computed base data are recorded on worksheet I 
(Fig. D-34) 

Step 4. Translate Policy into Transportation Level of Ser-
vice Changes 

The only portion of the corridor that would experience 
a change in vehicle travel time as a result of this policy is 
that portion of 1-75 from the perimeter highway (1-285) 
to downtown Atlanta. Using the commuting patterns 
table provided in the Atlanta-Macon Corridor Study, the 
average portion of trips that was affected by the contra-
flow lanes was calculated in order to determine the change 
in in-vehicle travel time for shared ride. The policy will 
provide that multioccupant vehicles can also use the 
contraflow lane. 

Worksheet IV. Estimation of Changes In VMT 

REVISED HOUSEHOLD WORK TRIP VMT 

I POLICY Carpool 	I 
SUBGROUP 	 I 

Revised 	Revised 	Revised 
Shared Ride 	Average 	Drive Alone 

Revised 
Autos Used 

ModalShare 	CarpoolSize 	ModalShare Perworker 

[O1+l2.5_1+1_.661l0.78 _I 
Revised 
Autos Used 	No. of Workers Work Trip 
per Worker 	per Household 	LenQth 
10.78 lxi 1.5 flx[ 4.7 	lxi 

_______ 
2.0 	J 

Auto VMT 

1 	7.4 	I 
Revised 	Average 
%ftnpool 	Vanpool 	No. of Workers Work Trip 

socI 

v Modal Share 	Occupancy 	per Household Length Factor  

1I 1 	 lx X F xi jxJ  

Total Revised  
Household 

 Work VMT 

CHANGEINHOUSEHOLDWORKTRIP_VMT 

Revised Household Base Work Change in 	Base Work 	 % Change in 
Work-Trip VMT Trip VMT Work Trip VMT TripVMT 	Work Trip VMT 

1_7. 4 1I_7 .5 1=1_0.1 J+J_7 . 5 7x [ 100 1l-1.3_I 
REVISED_HOUSEHOLDNON-VRK_ TRIP_VMT 

Base 
Autos Used 

Revised 
Autos Used No. of Workers 

m 
Autos Aemafñing 

per Worker per Worker per Household per Household 

0.811- I 0.7jxf  1.011=1 
I  

_. 07 I 
Change in 
Autos Renng 

(per  _Household 
Base Non - 

 Work VMT 
Revised Non-
WorkVMT 

xI_.08 10 Ixi10.41=l10.4 _I 

CHANGE VI TOTALHOUSEHOLD VMT FROM_BASE 

Revised Work Revised Non- Revised 
TripVMT WorkVMT TotalVMT 

I_7 .4 i+i10.1= 117.8I 
Base TotalVMT 

117.91 
V 	 TotalVMT 

Change in 
Total VMT 	1 0.1 1+117 .9_Jxlioo 	1=1 -0.6 1 

Figure D-33. 
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The change in in-vehicle travel time for transit vehicles 
is assumed to be zero, because the time that is saved from 
use of the contraflow lane is offset by the time lost because 
of the three intermediate stops. 

The change in out-of-vehicle travel time for transit was 
calculated using the before and after headways obtained 

Worksheet I. Base Data  

from the Atlanta-Macon Corridor Study. The change in 
out-of-pocket travel cost for transit was calculated by 
comparing the current bus fare with the proposed fare. 

The change in out-of-pocket travel cost for the drive-
alone and shared-ride modes was calculated using the Ca-
pacity Manual and Winfrey's tables. The drive-alone mode 

BEEMENEEMON 

-- 

MENNEENNEEN.  
I._____ 

11 _ 
Figure D-34. 
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would experience a reduction in congestion due to the 
multioccupancy vehicles switching to the contraflow lane 
after the policy was implemented. Therefore, a reduction 
of $0.02 for OPTC was obtained. No change was experi-
enced for the shared-ride mode, because the savings due 
to the decreased congestion in the contrafiow lane was off-
set by the increased operating cost for the higher operat-
ing speed. Included in the figures was the cost associated 
with speed-change cycles. The data are recorded on work-
sheet II (Fig. D-35). 

Step 5. Estimate Revised Work-Trip Modal Shares 

The revised work-trip modal shares are estimated as 
described in worksheet III (Fig. D-36). 

Step 6. Estimate Changes in VMT, Auto Occupancy, and 
Other Travel-Related Variables 

The reduction in VMT per household is computed as 
described in worksheet IV (Fig. D-37). 

Worksheet II. Changes In Transportation Level of Service 
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Figure D-35. 
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Worksheet Ill. Estimation of Revised Work-Trip Modal Shares 

POLICY:Exprc 	Ti-.i4 
SUBGROUp:__________________ 

t CHANGE IN UTILITY FOR EACH MODE 	&VTTc a 

Drive Alone 	 &UTILITY = -.015 I)< 1 	0 1= I 0 	I 
Trip Length 	AOVTT  

1+_118 .8 IX! 	0 1=1 0 I 
Income 	ó0PTC41  

+1 -29.0 lI10,13[XE -2 1= tI-.0061 

TOTAL CHANGE ft. 0O6 

IVTT,  

Shared Ride 	AUTILITY = - .015x I 4 . 
Trip Length 	tOVTT  

+ 	 1_18.8]XI 0 1 	=1 0 I Average Car. 
Income 	AOPTC, 	pool Size  

-29.0 I -- I10131IXI 	0 	1+1 2.5 1=1 0 	I 
Incentives  

.29 lxi 0 I 	=1 0 I 

TOTAL CHANGE  

IVTT1 

Transit 	 AUTILITY =1 -.015 lxi 	o 1=! 0 	I 
________ Trip Length 	OVTT 

-.16 	 18.8jx-57.j=I .4871 
OPTC ________ 

+1 -29.0 I~1101311X[ 47 I=I-.1351 

2. REVISED MODAL SHARE 	 TOTAL CHANGE  

Base Modal Share 	AUtility 	Total 	Revised Share 

DriveAløne 	1 .73 IxExpi .006 11_.7341~11.0261=1 .71 I 
_____  

SharedRide =1_. 2 lXEXPI_. 066II_.2781~11.0261=1 
______________ ____________  

Transit 	 .01 IXEXPI_.352J=J_.0141+11.0261=1 .01 

Vanpool 	=XEXP! 	11 	1l 	=1 	I 

Other 1x 1.0 ____Ii_11____ 
I =I102d 

Figure D-36. 
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Worksheet IV. Estimation of Changes In VMT 

Express 
I

POLICY Transit 

REVISED HOUSEHOLD WORK TRIP VMT SUBGROUP__________________ 

Revised 	Revised 
Shared Ride 	Average 

Revised 
Drive Alone 

Revised 
Autos Used 

Modal Share 	Carpool Size Modal Share Per Worker 

1.28 	1+1 2.5 	1+1 .71 	1=1 .82 	1 

Revised 
Autos Used 	No. of Workers 
per Worker 	per Household 

I .82 7x I 1.33]XJ18.8 

Work Trip  
Length 

lxi  
Auto VMT 

Revised 	Average Vanpool 
Vanpool 	Vanpool 	No. of Workers 
Modal Share 	Occupancy 	per Household 

Work Trip 
Length 

Curcuity 
Factor 

Vafl000l 
VM? 

I lI lxi lxi xI lxi 2.0 nI 0 	I 

Total Revised _________ 
Household 	141.0 I Work VMT 

CHANGEINHOUSEHOLDWORKTRIPVMT 

Revised Household Base Work Change in 	Base Work 	 % Change in 
Work-Trip VMT Trip VMT Work Trip VMT TripVMT 	Work Trip VMT 

L 41.ol-141.5  1=1_0.5 1+141.57x1_100 1=1-1.2_I 
REViSED_HOUSEHOLDNON-WORK _ TRIP_VMT 

Base 
Autos Used 

Revised 
Autos Used No. of Workers 

ct.ang. in 
Remaining 

per Worker per Worker 

fF-

Autos 
. per Household perHousehold 

_.82 Jxl1.33I=I _. 0131 
Change in 
Autos RerTaining Base Non - Revised Non- 

Household _________ Work VMT Work VMT 

{

per 

i_.013 lxi_.08 

__ 
1.0 l)xF-29-  -.8-  129.831 

CHANGEWITOTALHOUSEHOLD VMT FROMBASE 

Revised Work Revised Non- Revised 
Trip VMT 	Work VMT 	TotalVMT 

I_41.0 1 +I29.8 j= 170.831 
BaseTotalVMT 

171.3 I 	1 	 %Changein 
Y 	 Total VMT 

Change
Total VMT 

in 	
I_o.47I+I71.3lxi_100 1=1-0.7 I 

Figure D-37. 

Step 7. Estimate Changes in Energy Consumption 

The estimated reduction in VMT per household was 
multiplied by the households affected to obtain total VMT 
reduction due to this policy. This was then divided by the 
average fuel economy for the year 1977 (linear interpola-
tion between the years 1974 and 1980). Thus: 

No. of Households 	
No. of worktrips 

 
No. of workers per household 
33,000 

= 24,812  

VMT Saved per Day per Household = 0.5 mi 
0.5 x24,812 

Energy Saved per Day = 	
13.3 	

= 933 gal 
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