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fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 

In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national 
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of the Federal Highway Administration, United States 
Department of Transportation. 
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search Council was requested by the Association to admin-
ister the research program because of the Board's recog-' 
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it maintains a full-time research correlation staff of special-
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them. 
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by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 

The needs for highway research are inany, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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FOREWORD State and regional planners concerned with freight transportation will find 
this report to be of special interest. Lack of basic data has been a significant de- 

	

By Staff 	terrent to comprehensive analyses in the freight planning activities of all transporta- 

	

Transportation 	tion modes. Also, because freight planning is a relatively new function for many 

	

Research Board 	states, future data requirements are not well known. This report provides a detailed 
assessment of existing freight issues and identifies the data required to apply the 
related analysis techniques. A companion document, NCHRP Report 178, con-
tains a User's Manual presenting a detailed catalog of existing data sources, 
methods to obtain missing data, and guidelines for data collection and management 
activities in state agencies. Use of these two NCHRP reports should facilitate the 
development of data collection programs and, hopefully, minimize the collection of 
unnecessary data. 

The need for research in this area was determined at the TRB Conference on 
Statewide Transportation Planning, February 21-24, 1974; the conference findings 
are reported in TRB Special Report 146. Data collection activities typically involve 
high costs and large commitments of staff, as clearly evidenced in state highway 
traffic counting programs and urban origin-destination surveys. Relating the scale 
and make-up of a data collection program to the actual needs of the "user" has often 
been a trial-and-error process resulting in either excessive collection costs or 
unmet data needs, or both. In the infancy of freight planning by state agencies, 
this project was initiated in an attempt to disseminate information that would assist 
planners in their data collection efforts and to ease the trial-and-error process. 

Because freight planning techniques are in the early developmental stages, 
supporting data requirements will undoubtedly change over time. This point was 
fully recognized at the initiation of this research; however, because techniques and 
data are so intertwined, and because the development of new and revised tech-
niques is a never-ending process, an early assessment and documentation of data 
types, characteristics, and sources was desirable. NCHRP Reports 177 and 178 
should serve as a basic reference during the development of improved analysis 
techniques through future research and planning activities. 

NCHRP Report 177 presents an assessment of freight data requirements, data 
availability, and unmet data needs in relation to current problems and issues. The 
information is presented by mode for various planning stages (i.e., initial, inter-
mediate, and advanced), by data category (e.g., traffic flow), and by planning 
activity (e.g., economic evaluation). Strategies to develop data collection activities 
are also outlined. Although this research focused on data needs, a useful state-of- 



the-art summary of techniques for (1) demand estimation, (2) modal choice 
modeling, (3) network analysis, (4) economic evaluation, and (5) impact estima-
tion are included in appendixes. The User's Manual, NCHRP Report 178, presents 
guidance for identifying data requirements, obtaining primary and secondary data, 
and data management. Of special value is the extensive catalog of existing freight 
data sources contained in an appendix to the User's Manual. Both reports cover 
highway, rail, water, air, and pipeline modes of transportation. 

This research was conducted by Roger Creighton Associates of Delmar, N.Y., 
and R. L. Banks & Associates of Washington, D.C. Their direct contacts with 
federal and state agencies during the conduct of this research and their familiarity 
with other efforts in this general area serve to make the findings contained herein 
directly relevant to current issues. For example, these research findings should 
be useful in conjunction with the Rail Planning Manual published by the Federal 
Railroad Administration. 
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FREIGHT DATA 
REQUIREMENTS FOR STATEWIDE 

TRANSPORTATION SYSTEMS PLANNING 
RESEARCH REPORT 

SUMMARY 	Urgent matters (such as railroad bankruptcies, energy and environmental 
problems, and land settlement issues) impel state and federal governments to in-
crease planning activity in the field of freight transportation planning. Because 
freight transportation is a relatively new focus, state departments of transportation 
are often not familiar with the kinds of freight data needed for such planning. Little 
is known about currently available data, their reliability, their compatibility among 
different sources, their temporal continuity, their units of aggregation, and their 
costs. Knowledge of data sources is indispensible to sound planning. 

Accordingly, the research problem was to identify and rank data essential to 
freight transportation planning and to begin building a core of knowledge about 
these data that will be useful to those engaged in such planning at the state level. 
The findings of this research are presented in this report, NCHRP Report 177, 

"Freight Data Requirements for Statewide Transportation Systems Planning—Re-
search Report," and a companion report, NCHRP Report 178, "Freight Data 
Requirements for Statewide Transportation Systems Planning—User's Manual." 

The research approach consisted of: 

Identifying the principal problems/issues facing states through state visits 
and information from other sources. 

Through examining problems/issues, deducing the types of state-level 
planning activities needed to deal with these problems/issues and their correspond-
ing data requirements. 

Through contacts and a literature review, identifying available planning 

methods and their individual data requirements. 
Cataloging available secondary data sets. 
Assessing unmet data needs by comparing data requirements with the data 

supply, both quantitatively and qualitatively. 
Assessing the criticality of unmet data needs and proposing alternative 

strategies to improve the data supply through both state- and federal-level activities. 

A pervasive factor in the research work—and a major finding of the project—
is the immature state of the art of freight transportation planning. There is a great 
diversity of problems and issues, of possible state roles in freight planning, and 
geographic/jurisdictional levels at which problems occur. There is, as a result, a 
diversity of actual and potential planning responses. The research team found no 
consensus as to a formalized process by which different planning activities could 
be woven together to produce a plan, or, in fact, any agreement as to the content 
of a freight plan. 

The research team found, through examining 74 major freight problems/ 

issues: 

The greatest data need was for physical and operating data, especially 
information on facility location, operation characteristics, use, and capacity. This 
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occurs regardless of mode and priority group. This data need is especially im-
portant during the beginning phases of freight planning. 

There is a strong need for information on vehicle flow and on plant con-
dition and unit costs, both capital and operating. 

Data supporting impact estimation are of moderate importance, especially 
data relating transportation system change to public health and safety. Of lesser 
importance is detailed information on the carriers themselves and the attributes of 
shippers and receivers. 

Four kinds of planning activities were examined in detail: demand forecasting, 
modal choice analysis, economic evaluation, and impact estimation. The examina-
tion was for three main purposes: ( 1 ) to identify the likely planning activities by 
stage, (2) to determine data requirements, and (3) to assess the current state of 
the art. Each of the four activities was found to have a sizable number of technical 
methods or models within it, some fairly standard or well-perfected, others largely 
untested or experimental. Key findings from the examination of planning methods 
include: 

Demand forecasting. The interdependency of freight or commodity flow 
and macroeconomic data in forecasting—that freight demand forecasts can be no 
better than estimates of total economic growth and change. Trend extensions and 
simple correlations of traffic flow data with macroeconomic variables, which repre-
sent the current state of the art, must ultimately be replaced by more advanced 
techniques that take into account economic interdependencies, differential regional 
growth and specialization, and technological change. 

Mode choice analyses. The interdependency of data and theory, the lack 
of consensus among professionals on both data and theory, and the fact that, even 
were agreement reached, much developmental work remains to be done before 
mode choice models can be readily applied by state planners to freight statewide 
transportation systems planning. Model development has been hampered by the 
scarcity of suitable traffic flow data containing transport level-of-service and com-
modity attributes. 

Network analysis. Mechanical assignment methods must be developed 
further to simulate more realistic routings of freight traffic. The development of 
these more refined methods is directly related to improvements in traffic flow data 
availability. 

Economic evaluation. Methods for developing cost, rate, transport time, 
and time reliability information must be further developed to support economic 
evaluation activities. Cost and rate data are so specialized, difficult to understand, 
and changeable over time as to effectively preclude direct state involvement with 
original data sets. 

Impact estimation. Techniques for impact estimation, although originally 
developed primarily for application at the project level, can be adapted to use in 
systems planning to the extent that supporting traffic, operating, and physical data 
are available, as well as information on ambient conditions necessary to determine 
air, noise, and water pollution impacts. More refined estimates of unit energy 
consumption and emissions productions are also needed to more closely simulate 
actual conditions. 

With respect to data availability, substantial resources were found to exist 
that can be used for freight statewide transportation systems planning. These data 
are not all in the form or in the degree of detail needed for planning purposes, 
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nor are the various data files consistent as to type or degree of geographic detail 
so as to make them easy to use. The research team found 80 principal data sources, 
114 other sources, and 34 reference sources. These have all been catalogued in an 
appendix of NCHRP Report 178, "Freight Data Requirements for Statewide Trans-
portation Systems Planning—User's Manual," a companion volume to this one. 

The purpose of the catalog is to aid the state planner in locating and obtaining 
suitable data as required for freight planning. Given the extensiveness of the data 
sources listed and the need for priorities, recommendations have been included as 
to which data sources states should acquire, referenced by planning stage, mode, 
and order of acquisition. 

For each of 31 freight data categories, assessments were made of present avail-
ability and quality. These were compared with the frequency that the particular 
data categories are required in statewide transportation systems planning to de-
termine the criticality of deficiencies and unmet data needs. The most important 
unmet data needs were found to be: 

Commodity flow and traffic flow data. 
Routing data. 
Rates/tariffs data. 
Transport level-of-service data. 
Unit cost data (capital and operating). 

Strategies to reduce deficiencies and generally to improve the quality of data 
available to the states differ as a function of the data category and the criticality 
of the deficiency. Five basic strategies for improving the quality and quantity of 
available data were identified and discussed in detail. These include: (1) assem-
bling similar data sets, (2) publishing and disseminating data, (3) establishing close 
working relationships with carriers, (4) expanding the sample rates of federal 

data sets, and (5) expanding the Census of Transportation. For certain types of 

physical and operating data, states can best assemble the required data. Given 
the administrative and technical difficulties involved and the relatively high cost 
of new surveys, states are not advised to conduct their own primary surveys except 
in cases (such as a shipper's survey) where limited, specialized information is re-
quired that is not available from any other source. States should basically rely on 
existing secondary data for freight transportation systems planning purposes. 



CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

RESEARCH PROBLEM STATEMENT 

Many state DOT's, as well as other state and regional 
agencies, are now concerned with preparing or assisting in 
the preparation of statewide "master plans" for motor car-
rier, rail, air cargo, pipeline, and water facilities and services 
to meet existing and future freight demands. Some state 
DOT's are actively working on various components of the 
freight transportation system, through (I) responding to 
immediate problems or issues, (2) conducting project or 
program studies having a specific modal or facility-type 
orientation, and (3) reassessing state policies toward infra-
structure investment, required services, costs, and com-
petition. 

These are relatively new activities for many state DOT's; 
in the past their concerns have focused primarily on high-
way transportation and particularly on planning for capital 
facilities. State and Federal laws have for the most part 
been related to regulatory matters and safety. The actual 
business of moving freight has been the responsibility of 
private companies, and these competed not only within 
modes but also between modes. 

Now, however, a variety of urgent matters impels state 
and Federal governments to increase activity in the field of 
freight transportation. The bankruptcy of several major 
eastern railroads has caused the Federal government to re-
organize these lines and to provide funds for rehabilitation 
of their physical facilities. High energy pricesand shortages 
indicate a need to look at all modes to see where savings 
can be made. The environment continues to be a major 
issue. Finally, there is a need to provide, wherever possi-
ble, a more coordinated freight transportation system and 
to relate that system better to land settlement patterns. 

Because freight transportation is a relatively new focus, 
state DOT's are often not familiar with the kinds of freight 
data needed for such planning. Little is known about cur-
rently available data, their reliability, their compatibility 
among different sources, their temporal continuity, their 
units of aggregation, and their costs. Knowledge of data 
sources is indispensible to sound planning. 

Accordingly, the research problem is to identify and rank 
data essential to freight transportation planning and to be-
gin building a core of knowledge about these data that will 
be useful to those engaged in such planning at the state 
level. Methods by which such data can be assembled are 
also described. 

RESEARCH OBJECTIVES 

The general objective of this research was, first, to deter-
mine the type, amount, and relative importance of freight 
data required to develop statewide transportation systems 
plans; and, second, to design and develop techniques, meth-
ods, and procedures for assembling these data. 

The specific objectives of the research were: 

I. Identify the types of freight data necessary for state-
wide transportation systems planning purposes. Recom-
mcnd what type of data and the scale of detail required in 
view of the current and proposed planning methodologies. 

2. Rank these data requirements in terms of their rela-
tive importance to statewide transportation systems plan-
ning. 

3. Given the data requirements, catalogue and determine 
the existence of available data in reference to the planning 
data requirements determined in Task I. This inventory of 
freight data was to pay special attention, but not be limited 
to: (a) a review of selected statewide "master plans," 

a review of studies performed and data collected for 
the 1972 and 1974 National Transportation Studies, and 

a review of freight data compiled by government 
sources and organizations such as national and local trade 
and carrier associations. Investigate the institutional prob-
lems and constraints in the use of freight data (e.g., dis-
closure restrictions, proprietary nature of shipper and car-
rier data, and joint use and reciprocity agreements among 
private and public parties). 

4. Identify deficiencies in existing freight data and eval-
uate the criticality of such deficiencies to statewide trans-
portation systems planning. 

5. Develop and evaluate alternative strategies for re-
solving such deficiencies. These strategies may range from 
creative use of existing data to extensive collection of 
primary data. 

6. Prepare a manual describing in detail appropriate 
techniques for the assembly and understanding of existing 
freight data and the collection and understanding of such 
additional data as may be required by statewide transporta-
tion systems planning. Such a manual was to include speci-
fication of data acquisition, processing, verification, and 
maintenance procedures. 

7. Provide illustrative, realistic examples of how to apply 
these techniques to typical problems encountered in state-
wide transportation systems planning. 

SCOPE 

The term "systems planning" as used in this research 
project was interpreted broadly to include policy, systems, 
regional, corridor, and modal or submodal (e.g., branch 
line, main line, or route) planning. It was felt that state-
level freight transportation system planning would simul-

taneously encompass all of these levels or types of planning, 
and that the main emphasis of this research must be on 
defining the data needed to support all such planning ac-
tivities. In urban transportation planning, systems planning 



refers to the complex but orderly process in which plans 
for entire networks are devised and tested or evaluated by 
computer traffic assignment. This capability is only partly 
operational in freight transportation, and full operational 
capability is not expected in the near future. 

It is virtually impossible to reach universal agreement 
on what constitutes statewide freight planning. Each state 
would interpret it differently. Some states see a strong 
interdependency with national or multi-state planning. 
Others largely limit state DOT activities to defined or 
legislated responsibilities. Still other states are concerned 
mainly with regional or localized problems within the state. 
Modal emphasis varies, depending on the presence or ab-
sence of different modes, legislated authority, and the im-
portance of the freight-related problems or issues facing the 
state. In the end, each state must decide for itself what it 
considers freight statewide transportation systems planning 
to be. 

Planning for urban goods movement was considered to 
be a separate field, with its own data requirements. Like-
wise project-level or subarea planning (if not carried out 
uniformly across the state) was considered to be outside 
the scope of this research project. State response to freight 
"problems and issues" was included primarily because most 
state freight planning activities are oriented to problems and 
issues rather than to the urban "systems" approach devel-
oped in response to the 1962 Federal-Aid Highway Act. 

JRESEARCH APPROACH 

The following steps constitute the research approach: 

Issue identification. The consultant visited five states 
and by a combination of structured and unstructured inter-
views identified the principal problems and issues facing 
states in the field of freight transportation. Information on 
freight planning methods and on data was also collected. 

Identification of planning methods. Available plan-
ning methods, many of them at the frontiers of the state-of-
the-art, were identified through contacts with public agen-
cies, private companies, and universities, and through an 
extensive literature review. 

Data needs identified from issues and planning activi-

ties. By examining the diverse problems/issues facing state 
DOT's, it was possible to deduce the types of planning 
activities necessary to deal with these problems/issues, and 
then to determine the data requirements of the planning 
activities. This approach permitted data needs to be pri-
oritized, inasmuch as the interviews had indicated the rela-
tive importance of the various issues. 

Data needs of planning methodologies. By studying in 
detail selected planning methods for demand estimation, 
modal choice analysis, network analysis, economic evalua-
tion, and impact estimation, it was possible to determine 
their individual data requirements. Data needs could then 
be generalized for each of the five areas. 

Catalogue data. Lists of available data sets were ob-
tained from all known sources collecting freight data. Prin-
cipal data sets were catalogued, giving information on the 
source of the data, sampling rates (if any), the contents 
of data files, significant exclusions, future update or exten- 

sion plans, data availability, constraints on dissemination, 
workmanship, and available summaries. In addition, an 
evaluation was made of the usefulness of principal data sets 
in freight statewide transportation systems planning. This 
is intended to facilitate the work of the state planner in 
conducting freight-related studies. Abbreviated informa-
tion was catalogued for other data sets and references. 

Strategy to improve data supply. By comparing data 
requirements (identified by two separate procedures), with 
available data, unmet data needs were determined. Strate-
gies were then proposed to correct and improve data 
supply, both short- and long-term. 

GUIDE TO DOCUMENTATION 

The research results are presented in this report and a 
companion "User's Manual" (NCHRP Report 178), as 
follows: 

Research Report 

The report presents research findings, interpretations, and 
conclusions. The body of the report is for a general au-
dience—particularly those responsible for managing or 
supervising over-all statewide freight transportation sys-
tems planning. It presents the data needed for freight plan-
ning in summary form. The appendixes present detailed 
information required by technicians and others practicing 
in the field. 

Chapter One, "Introduction and Research Approach," 
briefly summarizes the problem that led to the research (the 
need to identify and rank data for freight systems planning 
purposes), the defined objectives and scope, and the spe-
cific approach used in undertaking the research work. 

Chapter Two, "Findings," presents the research results, 
including over-all freight data needs, data availability, data 
deficiencies, and alternative strategies and recommendations 
for resolving unmet data needs. 

Chapter Three, "Interpretation, Appraisal, Applications," 
discusses the findings in the light of the current state of the 
art at the state level. 

Chapter Four, "Conclusions and Suggested Research," 
presents the recommended strategies for improving freight 
data which should be carried out at the federal and state 
levels. 	- 

Appendixes A through H present (for a technical au-
dience) the research done in identifying freight data needs. 
Appendix A identifies freight data requirements derived 
through the systematic examination of freight issues or 
problems. The method given can be used by states to de-
rive their own unique needs based on the characteristics 
of the transportation system and resulting problems and 
issues within that state. Appendixes B, C, D, F, and F 
identify data needs derived through an examination of 
available planning methods for demand estimation, modal 
choice analysis, network analysis, economic evaluation, and 
impact estimation. Appendix G assesses the data needs 
identified in the earlier appendixes in the light of the data 
that are available, thus deriving unmet data needs. This 
appendix further proposes and assesses different strategies 
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for resolving these unmet needs. Appendix H is a bihli-
ography, organized by seven categories, of published 
materials having value in freight planning work. 

User's Manual 

The User's Manual (NCHRP Report 178) is a long-term 
reference for identifying and locating primary and sec-
ondary freight data sources. It is organized to enable the  

user to locate data resources either for a specific problem 
or to establish and maintain, at the state level, a freight data 
acquisition program. The manual includes illustrative ex-
amples showing how primary and secondary data needs may 
be determined and the data actually assembled. 

Appendixes A and B of the manual provide examples of 
data collection methods, shipper surveys, and physical in-
ventories. Appendix C catalogs 228 existing secondary 
sources of freight data. 

CHAPTER TWO 

FINDINGS 

A pervasive factor in the research work—and a finding 
of the project—is the immature and fragmented state of the 
art of freight transportation systems planning. There is a 
great diversity of problems and issues, of possible state roles 
in freight planning, and geographic/jurisdictional levels at 
which problems occur. There is, as a result, a diversity of 
actual and potential planning responses. The research team 
found no consensus as to a formalized process by which 
different planning activities could be woven together to pro-
duce a plan, nor, in fact, any agreement as to the content 
of a freight plan. 

This situation results from a number of factors. One is 
the newness of the field, but this is primarily a symptom 
of a more fundamental cause: the divided responsibility 
for freight planning;  not only between governments, but 
also between government and private enterprise. There still 
remains a great deal of uncertainty as to the proper role 
for state government in this field. Lack of data has not been 
helpful to planners, either public or private, and this is in 
pan the cause of the immaturity of technical processes. 

Freight planning stands in sharp contrast to urban trans-
portation planning. By and large, in urban transportation 
planning there is only one client (government), one com-
modity (people), and two modes (auto and mass transpor-
tation). There is a mature process that integrates many 
separate planning activities toward a plan. The content of 
the plan tends to expand slowly (e.g., by adding "trans-
portation systems management" (TSM) elements) but 
there is consensus about its contents. None of this is true 
for state freight transportation planning. 

Two consequences flowed from this situation that affected 
the research design. 

First, the research work had to cover a very large span 
of issues and planning activities—and their data require-
ments. Presenting the kinds of planning activities likely to 
be undertaken became an important activity of the research 
work, inasmuch as many techniques are not well known to 
state planners. The six modes (rail, motor carrier, port,  

waterway, air, and pipeline) all had to be addressed. Con-
sequently, it was not possible to be rigidly precise about the 
exact requirements of the contents of a particular file of 
data, or sample rates at which it should be collected, or the 
sensitivity of the process to the quality and sample size of 
data. A research policy of identifying all inclusive data 
requirements was demanded, but it was not possible to 
establish specific file parameters. 

Second, the research work had to be structured to per-
mit individual states to use the results to identify and 
prioritize their individual statewide freight planning pro-
grams and data collection activities. This research policy 
responded to the wide variety of problems/issues facing 
states and to the expected variety of roles that states may 
adopt. What is reported here regarding needs and priori-
ties is an amalgam of the experience of five states (Con-
necticut, California, Iowa, Maryland, Wisconsin) that have 
done more statewide freight planning than most of the 
others. Consequently, throughout the appendixes detail is 
provided which will permit states to reduce data needs from 
planning methods that respond to their particular needs. 

FREIGHT DATA REQUIREMENTS 

Appreciable effort was devoted to (1) identifying freight 
problems or issues likely to occur at the state level, (2) 
identifying freight planning methodologies and their data 
requirements, and (3) ranking and classifying data require-
ments. Two approaches were used to identify the most 
important and essential data. The first was a 'top-down" 
approach of first identifying important issues and problems, 
then deriving (1) the level or scope of the problem, (2) the 
state role in addressing the problem, (3) the major plan-
ning activities that would logically be carried out at the 
state level, and (4) the major classes of data that would 
be needed to undertake transportation systems planning. 
This work is discussed in Appendix A. The second, or 
"bottom-up" approach, required a careful and detailed 
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study of the literally hundreds of different analytical pro-
cedures that have been applied in the study of freight trans-
portation. The ultimate objective was not to weigh the pros 
and cons of different procedures but rather to identify the 
types of data required, especially the level of detail and 
other characteristics. This work, which is discussed in 
Appendixes B through F, covers (1) demand estimation, 
(2) modal split, (3) network analysis, (4) economic 
evaluation, and (5) impact estimation. 

Problems and Issues 

This section reports on the analysis of the 74 freight 
transportation issues and problems identified in the "top-
down" analysis. Examples of the types of problems and 
issues covered include: (a) condition of roadbed and track 
structure on railroad main lines; (b) merger of competing 
or complementary railroads; (c) temporal restrictions on 
highway use by motor carriers; (d) poor highway access to 
ports for intermodal service; (e) air cargo terminal replace-
ment, modernization, expansion; and (f) slurry pipelines. 

Type of Problem/Issue 

The 74 problems/issues have been classified into the six 
types given in Table I. A problem/issue may fall into one 
or more types. Consequently, there is a total of 140 indi-
cators in the table. Based on the number of indicators, 
"line-haul" problems/issues are the most important, but  

"infrastructure" and "impact" have nearly as many. Indi-
cators of "intermodal," "terminal," and "competitive" prob-
lems/issues are about half as frequent, but are still sig-
nificant. From this table it is concluded that most states 
will have to deal with all of these categories of problems/ 
issues. 

A second total line in this table shows the number of 
problems/issues for each mode. In this summary each is 
assigned to only one mode; then the total is 74. 

Level or Scale of Problem/Issue 

For this classification, given in Table 2, problems/issues 
have been grouped based on their primary geographic im-
pact area. Again, a single problem/issue can occur at one 
or more levels (for example, "terminating services on light-
density tines" can have both a substate or regional and a 
local impact. The frequency of indicator occurrence is high 
for both state-level and local problems/issues. The na-
tional level is a close second. But a significant number of 
problems/issues occur at the multistate regional and sub-
state regional levels. It may be concluded that problems 
occur at all levels, and that state DOT's will have to think 
beyond their borders as well as within. 

State DOT Role. The roles which states must play rela-
tive to the various problems/issues are quite diveise as 
shown in Table 3. UndertakIng technical studies is the 
most frequent role that must be played; but states must also 
support (or work with) other governments, promote (en- 

TABLE 1 
INDICATORS OF THE FREQUENCY OF PROBLEMS/ISSUES BY TYPE, BY MODE 

INLAND 

TYPE OF iSSUE MOTOR WATER- AIR PIPE- 

OR PROBLEM RAIL CARRIER PORT WAY CARGO LINE TOTAL 

Intermodal 5 2 4 0 1 1 13 
Linehaul 13 9 1 7 1 3 34 
Terminal 3 3 4 0 3 2 15 
Competition 7 2 2 1 2 2 16 
Infrastructure 10 6 7 5 2 1 31 
Impacts 5 6 6 6 5 3 31 

All indicators 43 28 24 19 14 12 140 

All issues 25 16 12 9 8 4 74 

TABLE 2 

INDICATORS OF THE FREQUENCY OF PROBLEMS/ISSUES BY LEVEL 
OR SCALE, BY MODE 

INLAND 

LEVEL OR SCALE OF MOTOR WATER- AIR PIPE- 

IsSUE OR PROBLEM RAIL CARRIER PORT WAY CARGO LINE TOTAL 

National 5 6 5 6 3 2 27 
Multistate 8 1 2 2 1 1 15 
State level 12 12 3 3 1 3 34 
Substate or regional 9 3 2 1 0 2 17 
Localized 13 7 8 3 3 0 34 

All 47 29 20 15 8 8 127 



TABLE 3 

INDICATORS OF THE FREQUENCY OF PROBLEMS/ISSUES 
BY STATE DOT ROLE, BY MODE 

STATE DOT ROLE RAIL 
MOTOR 
CARRIER PORT 

INLAND 
WATER- 
WAY 

AIR 
CARGO 

PIPE- 
LINE TOTAL 

Supportive 3 5 5 5 3 2 23 
Technical study 12 8 7 4 3 I 35 
Promotional 12 7 4 1 3 0 27 
Coordinative 8 3 4 1 1 3 20 
Capital investment 10 3 3 0 0 0 16 
Otherfinancial 1 0 0 0 0 0 1 

All 46 26 23 11 10 6 122 

courage) changes on the part of private carriers, coodinate, 
and make capital investments. These roles vary widely by 
mode. The diversity of state roles has an obvious influence 
on the kind of planning activities they Will undertake. 

Types of Planning Activities 

Seven types of state-level planning were defined as useful 
in implementing the various state roles. These varied from 
"acquire background information and understanding" to 
"impact estimation" (see Table 4). Identifying the indica-
tors was a subjective task because only a few of the prob-
lems/issues have been addressed by state or federal studies. 
The sum of each of the seven types of planning activities 
for a given mode may be considered to be "system plan-
ning." The sum of the types of activities for all modes may 
be considered to be "comprehensive freight transportation 
planning." 

Priorities 

States will vary in the priorities that each assigns to each 
of the 74 problems/issues that were identified. The priori-
ties given in Table 5 represent those for a representative 
state (based on interviews in the five selected states). In  

this case, rail has the greatest number of problems/issues, 
followed in descending order by motor carrier, port, inland 
waterway, air cargo, and pipeline. Of the 74 issues, 11 are 
considered to be of high priority and these fall entirely in 
the rail and motor carrier modes. 

Data Needs Through a Problems/Issues Approach 

The value of the problems/issues approach to identifying 
freight data needs lies both in the results obtained and 
reported herein and in - the fact that the process can be 
applied by individual states to assess their own unique data 
needs. States can follow a general process similar to that 
described in the User's Manual (NCHRP Report 178) 
using staff and advisory committee judgment to determine 
which issues are important, and can then program their 
planning activities and identify the data sets that are needed. 
The listing of problems/issues can be subdivided or ex-
panded, if so desired, to account for local conditions. 

Data needs identified in this project are presented by 
three priority groups. The "priority group" was princi-
pally determined by the importance of criticality of the 
problems/issues facing states, as reported in Appendix A 
(Tables A-7 through A-12). The three priority groups are 
defined as follows: 

TABLE 4 

FREQUENCY OF FREIGHT PLANNING ACTIVITIES, BY MODE 
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0-c sj 
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00 
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11111 ,a 

Rail M M L L M H H 
Motor carrier M M L M M H M 
Ports M M L L M H H 
Inland waterway M H M M M H H 
Aircargo M H L L H H M 
Pipeline M M L L M H H 

All M M L M M H H 

H = high frequency (> 14 weighted activities); M = medium frequency (8.0-13.9 weighted activities); 
L = low frequency (C  8.0 weighted activities) 



Priority I. The issue or problem has been of high pub-
lic interest in at least a dozen states during the past several 
years. There is a high probability of state transportation 
agency involvement, even by those agencies just starting 
out in freight planning. 

Priority I!. The issue or problem is of appreciable con-
cern and interest in one or more states, as demonstrated 
through staff study efforts. There is a moderate probability 
of short-range state transportation agency involvement, es-
pecially by the more experienced agencies. 

Priority 111. The issue or problem has not yet reached 
the point of serious study by any state transportation agency 
staff, although there is expressed interest. There is some 
likelihood of future state transportation agency involve-
ment, especially by the more experienced agencies. 

The data needs identified through the problems/issues 
approach are summarized in Figure 1, which shows the 
relative frequency of each data need by priority category. 
Priority I data needs center on the rail and Iriotor carrier 
modes, Priority II on these modes plus ports and inland 
waterways, and Priority III on all six identified modes (see 
Table A-14). From Figure 1, the following findings were 
drawn: 

Priority I data needs: 
The greatest data need is for physical and op-
erating data, especially information on facility 
location, operation characteristics, use, and ca-
pacity. This occurs regardless of mode and 
priority group. This data need is especially im-
portant during the beginning phases of freight 
planning. 
There is a strong need for information on ve-
hicle flow, plant condition, and both capital and 
operating unit costs. 
Data supporting impact estimation are of mod-
erate importance, especially data relating trans-
portation system change to public health and 
safety. Of lesser importance is detailed infor-
mation on the carriers themselves and the at-
tributes of shippers and receivers. 

2. Priority II and III data needs. As freight planning 
becomes more sophisticated (i.e., states become involved 
with priority group II and III issues), data needs change 
from a heavy concentration on physically based data to a 
broader, more comprehensive range of data. The needs for 
traffic flow, carrier, and shipper/consignee attribute data 
increase, whereas the requirements for physical, operating, 
and impact data decrease. This same pattern is generally 
true across the modes. Specific observations are as follows: 

(a) Initial data requirements for traffic flow data 
largely center around vehicle flow data. Priority 
III problems/issues indicate •a strong need for 
traffic flow and routing data in addition to ve-
hicle flow data. Priority III requirements show 
a moderate need for commodity production and 
consumption, and commodity flow data, as well 
as specialized information on imports and ex-
ports. Over-all, there is a trend toward increas- 

TABLE S 

FREQUENCY DISTRIBUTION OF ISSUES BY PRIORITY, 
BY MODE 

PRIORITY 

MODE 	 HIGH MEDIUM Low ALL 

Rait 6 13 6 25 
Motor carrier 5 7 4 16 
Port 0 7 5 12 
Inland waterway 0 3 6 9 
Aircargo 0 1 7 8 
Pipeline 0 0 4 4 

All 11 31 32 74 

ing amounts and diversification in traffic flow 
data. 
Priority III requirements indicate some need for 
carrier data, including information on rates and 
tariffs, Otherwise, requirements for data on car-
riers appear to be fairly modest. 

Data requirements for shipper/consignee at-
tributes under all priority groups are modest, 
reflecting the rather narrow, pragmatic, problem-
solving orientation of the problem/issue ap-
proach. Data requirements increase as the plan-
ning processes become more sophisticated. 

Some lessening of data needs for physical and 
operating data can be detected as freight plan-
ning becomes more sophisticated. This reflects 
the fact that Priority II and III issues are less 
physically oriented, more economic or policy 
oriented in character and thus require different 
sets of data. 

With one exception, a general lessening of data 
needs for direct and indirect impacts can be 
detected as freight planning progresses in so-
phistication. The exception is an increasing need 
for data reporting economic impacts. The rela-
tively low requirement for energy consumption 
data can be attributed to the fact that most prob-
lems/issues are not directly concerned with en-
ergy consumption per Se. This, of course, could 
change should fuel again become scarce. 

Data Needs Through Examination of Planning Methods 

Five kinds of planning activities were examined in detail: 
demand forecasting, modal choice analysis, network analy-
sis, economic evaluation, and impact estimation. The ex-
amination was for three main purposes: (1) to identify the 
likely planning activities by stage, (2) to determine data 
requirements, and (3) to assess the current state of the art. 
Each of the five activities was found to have a sizable 
number of technical methods or models within it, some 
fairly standard or well-perfected, others largely untested or 
experimental. In some cases, numerous alternative tech-
niques existed; in others, relatively little methodology had 
been adopted. 
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Figure 1. Data requirements for freight transportation planning, all modes. 
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As states develop increased skill and capability, they will 
shift from reliance on very simple methodologies to the 
increasing use of comprehensive, quantitative techniques. 
This will occur in stages, as defined in Table 6. 

Table 7 lists likely planning activities by the three plan-
ning stages. Table 8 lists the corresponding data needs by 
stage, as derived through examination of planning methods. 
Underlying the identified data needs is an assessment of the 
current state of the art and the utility of existing planning 
methods in conducting statewide freight transportation sys-
tems planning. The key findings are summarized in the 
following. Also included are references to tabular and 
descriptive material on data contained in the appendixes. 

Demand Forecasting 

A variety of forecasting methods was examined, as de-
scribed in Appendix B. Some of these methods are quan- 
titative, a few are based on time series and projections, and 
others are largely qualitative. Four methods were identified 
as being of greatest use to state planners in forecasting 
freight demand: (I) regression analysis techniques, (2) 
econometric models (simultaneous equation systems), (3) 
input-output models, and (4) economic base studies. These 
methods themselves are standard and have been in existence 
for a long time. Except for regression analysis techniques, 
their application to forecasting freight demand is relatively 
recent. Forecasting done to date was found to be largely 
(1) short-range, (2) national or corporate in scope, (3) 
trend oriented, and (4) dependent on historical commodity 
or traffic flow data. A strong need was found to incor-
porate macroeconomic data and indices of anticipated fu-
ture economic performance into demand forecasting pro-
cedures as well as long-term locational, technological, and 
transport cost and service factors. 

A key finding was the interdependency of freight or 
commodity flow and macroeconomic data in forecasting—
that freight demand forecasts can be no better than esti-
mates of total economic growth and change. Trend ex-
tensions and simple correlations of traffic flow data with 
macroeconomic variables, which represent the current state 
of the art, must ultimately be replaced by more advanced 
techniques that take into account economic interdependen-
cies, differential regional growth and specialization, and 
technological change if significant improvements are to be 
made in tactical (short-range) and strategic (long-range) 
forecasts. Better data obviously are important to improv-
ing present demand forecasting capabilities at both the 
national and state level. 

Appendix B contains descriptive and tabular material 
that can aid the planner in preparing freight forecasts and 
determining data needs and availability. Several forecasting 
methods were reviewed in detail, including (1) the USDOT 
Input-Output Model for national projections, (2) Polenske's 
Multiregional Input-Output Model for state projections, 
(3) forecasts made for economic areas by the U.S. Bureau 
of Economic Analysis, and (4) economic base studies for 
regional forecasts. Major national freight demand projec-
tions, which states can use as bases or checks for their 
individual projections, are described in Figure B-8. Data 
needed for economic base studies are specified in Figure 

TABLE 6 

DEFINITIONS OF PLANNING STAGES 

PLANNING 
STAGE 	DErINITI0N 

Initial stage. Involvement largely limited to ob-
taining an initial familiarity with the freight 
transport system and its economic implications. 
Planning largely an individual response to par-
ticular problems or issues. Some broad-scale, 
policy-level planning. Data requirements lim-
ited to readily available secondary source data 
concerning network characteristics and use. 

II 	Intermediate stage. Developing a systems plan- 
ning capability. Initial use of analytical tech-
niques for forecasting demand, estimating 
modal choice, assessing economic effects, and 
estimating impacts for comprehensive freight 
planning. More sophisticated, quantitative re-
sponse to particular problems or issues. Deeper 
understanding of factors influencing demand 
and mode choice. Data requirements mandate 
the acquisition and use of a majority of the 
listed data sources. 

III 	Advanced stage. Full development of a compre- 
hensive freight transportation systems planning 
process. Full-scale application of the more 
sophisticated techniques for demand estimation, 
mode split, network analysis, economic evalua-
tion, and impact estimation. Data requirements 
include the listed data sources plus other sets 
of primary and secondary data. 	- 

B-2. Multiregional Input-Output Model data tapes avail-
able from USDOT are listed in Figure B-9. Stage I, II, and 
III data requirements for demand estimation are listed in 

Table B-i. 

Mode Choice Analyses 

A large number of mode split models falling into eight 
categories were examined, as described in Appendix C. 
These categories include (1) macroeconomic, (2) inven-
tory theoretics, (3) regression analysis, (4) abstract mode, 

(5) linear programming. (6) discriminant analysis, (7) 
logit, and (8) probit models. The models described have 
at best been tested only on a limited basis. Hence, their 
feasibility or practicality has not been determined. No con-
census, evidently, has developed over which method is best. 
No method has been applied to the solution of a specific, 
state-level freight issue or problem. The lack of application 
and the inconclusiveness of results obtained is usually 
attributed to problems of data availability. 

Key findings include (1) the interdependency of data 
and theory, (2) the lack of consensus among professionals 
on both data and theory, and (3) the fact that even were 
agreement reached, much developmental work remains to 
be done before mode choice models can be readily applied 
by state planners to statewide freight transportation systems 
planning. Underlying the lack of consensus are many major 
unresolved issues that have a direct bearing on data re-
quirements. These include (I) whether to use aggregate 
or disaggregate modeling techniques, (2) agreement on 
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TABLE 7 

PLANNING ACTIVITIES, BY STAGE 

STAGE I 

Demand forecasting. Prepare short-range freight demand estimates for individual modes using 
trend extension techniques, combining demand forecasting and modal split via modal traffic 
flow data extrapolation. 

Modal choice analysis. Develop capability to prepare total demand estimates by individual 
mode using historical trend extrapolation techniques and linear probability functions. 

Network analysis. Develop capability to inventory freight modal networks and prepare network 
maps of each mode. 

Economic evaluation. Assemble published information on costs, rates, and time. 
Impact estimation. Prepare aggregate order-of-magnitude estimates of energy consumption or 

emission production (air pollution only). 

STAGE IL 	 - 

Demand forecasting. Prepare short-range aggregate forecasts using structurally based forecast-
ing techniques (e.g., regression analysis) based on projected changes in the national and state 
economies. 

Modal choice analysis. Prepare interregional demand estimates by aggregate commodity group-
ings by individual modes using mathematically based freight modal split modeling techniques, 
such as the abstract-mode or commodity approach. 

Network analysis. Prepare macro-level estimates of interregional traffic flows using modeling 
techniques or manual processes. 

Economic evaluation. Assemble alternate sets of data on costs, rates, and time. 
Impact estimation. Estimate noise pollution impacts and more detailed estimates of consump-

tion, energy, and air pollution impacts by incorporating details on the physical and operating 
characteristics of the transportation system. 

STAGE ILL 

Demand forecasting. Prepare aggregate traffic flow forecasts from separate commodity pro-
duction and consumption estimates. Projections would (I) be mode independent, (2) be 
tied into econometric models projecting state-level or regional economic activity, and 
(3) account for locational, technological, and transport cost or service considerations not 
possible with time-series projection methods. 

Mode choice analysis. Develop capability to prepare intercounty commodity flow estimates by 
individual modes using disaggregate behavioral mode choice models (logit, probit, and dis-
criminant analysis functions). 

Network analysis. Prepare individual link and node traffic estimates by commodity type. 
Economic evaluation. Synthesize cost and rate information, which would then largely replace 

the use of historically based data sets, and develop computerized procedures to be used in 
generating cost, rate, and time data. 

Impact estimation. Simulate freight system energy consumption and emissions production im-
pacts on a statewide or corridor basis and covering all modes, incorporating extensive data 
on the physical characteristics and operating practices of the different modal systems. 

what constitutes the relevant variables to be included, (3) 
the "level" at which such modeling should take place (for 
the individual firm or for all firms within a geographic 
area), and (4) the degree of homogeneity required in the 
data and whether different commodity groups must be 
modeled separately. Further work in developing modal 
choice models must be hand in hand with improvements 
to commodity or traffic flow data availability and 
characteristics. 

Appendix C contains several tables of interest to the state 
planner, in addition to the review of freight modal selec-
tion models. Table C-i gives shipper, market, commodity 
and transport level-of-service attributes sought in data for 
mode choice modeling purposes. Stage I, II, and Ill data 
requirements are given in Table C-3. Finally, the section 
reviewing mode choice models and their data requirements 
offers helpful insights into the problems involved in match-
ing theoretical models with data availability and data 
characteristics. 

Network Analyses 

Several modeling techniques for conducting macro-scale 
freight transportation system network analyses were ex-
amined, as described in Appendix D. These methods gen-
erally were found to be of two types. The first group are 
traffic assignment procedures that can be mathematically 
derived or simulated by existing computerized assignment 
processes, such as minimum-path algorithms. The second 
group are models that presently are not applicable to com-
puterized assignments. For simplicity, the former group 
was classified as mechanical processes and the latter group 
as manually derived assignment models. Only a few models 
have been applied to help resolve specific state-level freight 

issues or problems. This lack of application is usually 
attributed to problems of data availability. 

The key finding was that mechanical assignment methods 

must be further developed to depict more realistic routings 

of freight traffic. Better understanding of the logistics of 
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DATA REQUIRED FOR FREIGHT SYSTEM PLANNING, BY CATEGORY, BY STAGE 

DATA CATEGORY 	 DATA REQUIREMENTS 	 DATA CATEGORY 	 DATA REQUIREMENTS 
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STAGE I 

Traffic flow data I. 	Estimates of annual state and na- 
tional 	modal traffic flow data, in 
tons and ton-miles, compiled from 
secondary 	sources,, such 	as 	the 
Carload 	Waybill 	Statistics, 	Cen- 
sus of Transportation, Waterborne 
Commerce of the U.S., FHWA 
truck survey data. 

Modal forecasts 1. 	Historical trends and modal fore- 
casts of national modal distribu- 
tions by year, average length of 
haul 	in 	mileage 	blocks, 	average 
shipment size. Obtained from gov- 
ernmental agencies, trade associa- 
tions, etc. 

Network parameters I. 	Schematic network maps showing 
link lengths and nodal character- 
istics. 

National and state eco- Publications of state and 	federal 

nomic forecasts governments, 	trade 	associations, 
and 	major 	industries 	forecasting 
economic growth, trends and out- 
look On a recurrIng basIs. 

Costs and rates I. 	Average operating costs and reve- 
nues for different mileage and ton- 
nage 	blocks 	(from 	published 
sources). 
Typical unit capital costs for dif- 
ferent modal investments. 
Class rates. 

lmpactdata I. 	Fuel consumption and air pollu- 
tant emission rates, by mode. 

STAGE II 

Traffic flow data I. 	Annual traffic flows between state 
regions and between state and na- 
tional 	regions 	(states), 	by 	com- 
modity types. 

Modal forecasts I. 	Projections made by major car- 
riers serving the state. 

2. 	Average shipment size and aver- 
age value per ton, by commodity 
grouping. 

3. 	Distance and transit time between 
zonal pairs, by mode. 

Network parameters I. 	Detailed 	maps 	for 	each 	node 
showing 	link 	distances, 	travel 
times, and interzonal routings. 

State economy I. 	Detailed 	economic 	growth 	fore- 
casts, by county 	or substate 	re- 
gion. 

2. 	Historical data for various years 
on 	commodity 	production 	and 
consumption, by region assembled 
from various agencies. 

Costs and rates I. Operating 	costs 	and 	revenues, 
from sample surveys of waybills. 

2. Average unit capital costs, from 
sample surveys of specific modal 
investments. 

Transport time and I. Sample 	surveys 	of 	total 	transit 

time reliability time 	(e.g., waybill studies). 
 Length of haul by shipment, line- 

haul time, transfer time, delivery 
time from analytic models. 

 Standard 	deviation 	of 	shipment 
times. 

Impact data I. Fuel consumption per horsepower- 
hour. 

 General 	operating 	characteristics 
(average 	vehicle 	size, 	operating 
speed, trips per day). 

 Air 	pollution 	emission 	rates 	for 
different power units. 

 Existing pollution levels. 
 Population near segment. 

STAGE III 

Traffic flow data I. 	Disaggregate 	commodity 	traffic 
flows between county pairs and be- 
tween counties and other states or 
multi-state areas. 

Modal forecasts I. 	Shipment weights and value per 
ton, by detailed commodity group- 
ing. 

2. 	Transit 	time 	and 	rates 	(see 	be- 
low). 

Network parameters I. 	Network 	suitable 	for 	computer 
processing, detailed link parame- 

arame- ters, and detailed node parame- 
ters- ters. 

State-level economic I. 	Inputs and outputs from specially 
information developed economic model of the 

state's 	economy 	from 	state, 	na- 
tional, or private sources. 

Costs and rates Detailed operating cost data (com- 
parable to that available to carriers 
and regulatory agencies.) 
Detailed unit capital costs similar 
to those developed by Bechtel for 
USRA. 
Tariff rules and schedules. 

Transit time and I. 	Time obtained through field mea- 
time reliability surements. 

Impact data Train performance calculators and 
other models that simulate opera- 
tions. 
Physical characteristics of route. 
Ambient air, water, and noise lev- 
els along routes. 
Air and noise dispersion models. 
Accident rates, by mode and com- 
modity grouping. 
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individual freight movements by mode and aggregate com-
modity type is needed. Only then will state planners be 
provided with the kinds of data required for freight trans-
portation system network analysis. The development of 
better network models is directly related to improvements 
in traffic flow data availability. Presently, most network 
models do not provide uniform data coverage of the 
different modes. 

Appendix D contains several tables of interest to the state 
planner, in addition to the review of freight network analy-
sis models. Table D-1 lists the types of data needed for 
network analyses purposes. These data include: (I) net-
work parameters for each transportation facility segment 
and node, (2) interzonal traffic flow information, and 
(3) detailed routing data. Stage I, II, and III data require-
ments are listed in Table D-2. 

Economic Evaluation 

Methods for conducting economic evaluations are quite 
standard and well known, and hence were not reviewed 
per Se. However, to apply such methods requires cost, 
revenue, transport time, and time reliability data. The 
challenge was found to lie primarily in assembling proper 
cost and revenue information. A wide variety of methods 
for transforming cost and rate data into summary informa-
tion suitable for use in transportation systems planning was 
examined, as described in Appendix E. Four methods were 
identified for cost compilation: (I) the USRA's procedure 
for costing the rehabilitation of railroad lines and facilities, 

(2) ICC "Rail Form A" cost calculations, (3) barge line 
costing procedures being developed by the U.S. Army 
Corps of Engineers, and (4) USDOT Transportation Sys-

tems Center's procedure for estimating operating costs. 
Four methods were similarly identified for assembling in-
formation on freight revenues or rates: (1) using detailed 
revenue data, when available; (2) collecting actual rates 
and tariffs from carriers and regulatory agencies; (3) sub-
stituting proxy data; and (4) developing rate generating 
models. Several procedures for measuring transport time 
and time reliability were also identified. 

The key finding was that methods for developing cost, 
rate, transport time, and time reliability information must 
be further developed to provide the kinds of data required 
for transportation systems planning. Cost and rate data are 
so specialized, difficult to understand, and changeable over 
time as to effectively preclude direct state involvement with 

original data sets. In short, the probability of error is too 
high to permit such an approach. Simplified methods were 
found to be an effective solution if done on a centralized 
basis by an agency or organization having the required 
expertise and interest in providing the service to state 
DOT's on a continuing basis. 

Appendix E contains sample products from the listed 

methods for developing cost and rate information. These 
simply serve to illustrate the types of data that can be 
generated. Stage I, II and III data requirements for 
economic evaluation are listed in Table E-1. 

Impact Estimation 

A diverse group of techniques for estimating energy 
consumption, vehicle emissions, noise levels, and water 
quality effects of freight transportation was examined, as 
described in Appendix F. The techniques were found to 
be of three types. The first group consists of generalized 
measures related only to the unit consumption of energy 
or production of pollutants. The use of such measures is 
straightforward; the factor is simply multiplied by some 
production measure, such as net ton-miles, hours, or gal-
lons of fuel consumed. The second group consists of com-
putations based on physical relationships, such as resistance 
equations and propulsive work. The third group is largely 
based on empirical observations and measurements. Im-
pact computations can be refined through incorporating 
additional vehicle, roadbed, and operational factors into the 
computations. 

The key finding was that impact estimation techniques, 
although originally developed primarily for application at 
the project level, can be adapted to use in systems planning 
to the extent that supporting traffic, operating, and physical 
data are available, as well as information on ambient con-
ditions necessary to determine air, noise, and water pollu-
tion impacts. Further, a need was found for more refined 
estimates of unit energy consumption and emissions pro-
ductions to more closely simulate actual conditions. The 
available procedures do not provide uniform coverage of 
the different modes and impacts. Much work remains to 
be done to fill in the voids. 

Appendix F contains descriptive and tabular material that 
can aid the planner in estimating impacts. Table F-i lists 
the factors affecting energy consumption. Figure F-2 gives 
estimates of the energy intensiveness for different modes. 
Figure F-4 gives locomotive fuel consumption rates. Figure 
F-s presents pipeline energy intensiveness values. Figures 
F-77  F-8, and F-9 give locomotive, diesel truck, and vessel 
emission factors. Stage T, TI and III data requirements for 
impact estimation are listed in Table F-2. 

DATA AVAILABILITY 

Substantial data resources exist that can be used for 
statewide freight transportation systems planning. These 
data are not all in the form or in the degree of detail needed 
for planning purposes, nor are the various data files con-
sistent as to type or degree of geographic detail so as to 
make them easy to use. Nevertheless, there is much 
information available. 

The research found 77 principal data sources, 114 other 
sources, and 34 reference sources, as catalogued in Ap-
pendix C of the User's Manual (NCHRP Report 178). 
Four basic criteria were employed to select the sources to 
be included in this catalogue. The first criterion is useful-
ness in the methods needed to respond to freight problems! 
issues. Second, the data must be national data, not per-
taining to just a few states or to a locality. Third, the data 
must be from either a recurring data collection program 
or from a recent one-time study. Finally, a comprehensive 
rather than restrictive approach was adopted in selecting 
data sources; if there was a doubt, the source was included. 
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By including a large number of sources, a planner can 
choose the one best suited to the needs at hand. For con-
venience and efficiency, the data files were grouped into the 
following thrce categories: 

Principal data sources. Major, regularly collected data 
sources most often required for statewide transportation 
planning purposes. Emphasis on original data sources, 
either hard copy or a form suitable for computer process-
ing, rather than statistical summaries or information ob-
tained from other sources and further summarized. Sources 
contain strictly freight-transport-oriented data. 

Other data sources. Less significant data sources hav-
ing one or more of the following characteristics: (1) data 
on production or consumption, or otherwise not strictly 
freight-transport-oriented; (2) statistical summaries of data 
from various sources, such as modal trends, facts, and/or 
figures; (3) major one-time studies, or studies conducted 
on an irregular basis; (4) less significant and important 
data sets as judged by their potential use in statewide 
planning; and (5) data on highly specialized phases or 
aspects of freight transport. 

Reterences. Tools needed to understand and interpret 
freight data, including codes, definitions, guidebooks, man-
uals, and other data-related publications. 

The number of data sources found for each data cate-
gory is given in Table 9. In general there are data series 
relating to most of the data categories required by state-
wide freight transportation planning. Documentation varies 
in detail, but all items in the catalogue are described by 
title, mode, type of data, publication cycle, and issuing 
source. All sources have an abstract and utilize a set of 
key words to describe the content. Principal data source 
descriptions have more information, including (1) the col-
lecting agency, (2) the form of the data, (3) time period 
covered, (4) coverage, (5) relevant content of the source 
file, (6) available summaries, (7) a description of the data 
collection process, (8) significant exclusions of data, (9) 
future update or extension plans, (10) data availability and 
constraints on dissemination, and (1 1) an evaluation of the 
data source as to its usefulness in statewide freight trans-
portation systems planning. 

Given the extensiveness of the data sources listed in 
Appendix C, of the User's Manual (NCHRP Report 178), 
priorities must obviously be set for acquiring needed 
sources. Table 10 is an index of data sources referenced 
by planning stage, mode, and recommended order of ac- 
quisition. Sources marked with an asterisk are considered 
essential sources; those not so marked are either a duplica- 
tion of essential sources or represent data that are not 
considered to be essential to statewide freight transporta-
tion systems planning. 

UNMET DATA NEEDS 

For each of the 31 data categories listed in Table 11, 
assessments were made of present freight data availability 
and quality. These assessments considered: 

Form of the data. Whether the typical format of avail-
able secondary data and the associated units of measure 

TABLE 9 

FREIGHT DATA SOURCES, BY DATA CATEGORY 

5OURCE5 

DATA 	 PRIN- 	 REFER- 

TYPE CATEGORY 	 CIPAL OTHER ENCE5 

Commodity production 5 23 
Commodity consumption 3 12 

; 	Commodity flow 3 5 
o 	Traffic flow 24 16 

Vehicle flow 4 2 
Import-export 2 6 
Routings 6 6 

Financial 25 12 
Operating statistics 32 21 
Phys. characteristics 18 21 
Rates/tariffs 5 2 

Level of service 2 1 0 
Commodity 2 1 0 

5 Market 3 0 0 

r3< Shipper 9 3 0 

Facility location 13 16 3 
Q Condition of plant 2 2 0 

' 	o Oper. characteristics 16 30 3 
. Use-capacity 6 0 0 

Unit costs, operating 1 8 0 
Unit costs, capital 0 3 0 

Noise 0 2 0 
16 Air quality 0 2 0 
. Water quality 0 1 0 

Soil erosion 0 0 0 
Ecologic 0 0 0 

04 Economic 0 8 0 
Socio-political 0 0 0 

. Aesthetic-visual 0 0 0 
0 Energy consumption 0 4 0 

Safety related 0 0 0 

General 0 7 22 

Total 5  77 114 34 

'The search for data of these types was not exhaustive inasmuch as 
most impacts are of a highly localized nature and data for such impacts 
arc local rather than nationat in origin. 

Totals do not add because any data source may contain data in sev-
eral categories 

readily lends itself to statewide freight transportation plan-
ning purposes. 

Availability. The general accessibility of the data for 
state use, including (1) anticipated difficulties in obtaining 
access to the data, (2) the need to seek the data from 
multiple sources, and (3) the amount of staff effort in-
volved in assembling the data into a usable form. 

Characteristics. The general parameters of the data, 
such as (1) aggregation, (2) modal variability, (3) coding 
systems, and (4) level of detail. 

Deficiencies. The degree to which available data 
sources meet data needs, especially: (1) the completeness 
of the data; (2) over-all quality, including reliability, work-
manship, consistency, uniformity, and age; (3) level of 
aggregation, especially geographic; (4) modal coverage or 
lack thereof; (5) immediate usefulness of the data in sup-
porting state DOT efforts to build internal expertise; and 
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TABLE 10 

INDEX OF FREIGHT DATA SOURCES REFERENCED, BY PLANNING STAGE, MODE, AND ORDER OF ACQUISITION 

Ref. No. 1 	 Short Title 	 Ref. No. I 	 Short Title 

STAGE I STAGE II 	(con't.) 

Railroad 
P/A/61 'U.S. Transportation Zone Maps 	 P/A/62 'Interline Revenue Settlement Data 
0/1/33 'Official Rail Guide, No. Amer. Freight Services 	 P/A/46 'Form QCS, Class I RR;s Qtr. 	Rept.-Frt. Conmiodity- Stat. 
0/1/36 *Railroad Mileage by States 	 0/IA/61 'USRA NE Railroad Prog. Rehab. Planning Master File 
0/1/48 *Yearbook of Railroad Facts, 19xx 	 n/A/60 'USDA NE Railroad Prog. Field Inspection Master File 
P/G/06 'Railroad Company System Maps 	 P/A/32 'Form R-1, Class I Railroads Annual Report 
PIG/os *Railroad System Traffic Density Maps 	 P/A/33 'Form R-2, Class II Railroads Annual Report 
0/1/41 'Statistics of Railroads of Class I in U.S. 	 0/A/40 'Railroad Carload Cost Scales, lPxx 
0/1/38 Rank of Class I Railroads 	 0/A/39 'Rail Rev. Contribution by Commodity B  Territory, 19xx 
0/1/04 American Short Line Railway Guide 	 0/A/54 'Short Line Mileages 
0/1/17 Handy Railroad Atlas of the United States 	 R/1/16 *Standard Point Location Code 
R/A/12 Uniform System of Accounts for Railroad Companies 	R/I/06 'Freight Station Accounting Code Directory 
R/I/13 Price List of MR Publications 	 0/A/35 *Circuity of Rail Carload Freight 

R/I/01 MR Standard Route Code 
Motor Carrier 	 P/A/24 RR Agent's Report-Shipments of Minerals/Products 

0/I/08 'ATA American Motor Carrier Directory, National Edition 	P/1/03 Revenue Freight Loaded by Coimaodities 
0/1/20 'Intercity Truck Tonnage, lPxx 	 P/A/39 Form OS-A, Class I RR's Qtr. Rept.-Yard/Train Services 
0/I/05 'American Trucking Trends, 19xx 	 PIG/il Railroad Through Freight Schedules 
0/1/26 'Motor Truck Facts, lPxx 	 R/1/12 Official List of Open and Prepay Stations 
O/A/49 *Highway Statistics, 19xx 	 0/1/37 Railway Line Clearances Including Weight 
0/1/40 'Stand. Hwy. Mileage Guide on H'hold Goods Carriers 	0/1/32 Official Railway Equipment Register 
P/A/13 'Census/Transportation Truck Inventory/Use Survey 	 P/A/58 Natl. Railroad-Highway Grade Crossing Inventory 
R/I/iO Nail. fist. Dir-Local Cartage-Short-Haul Cars. Wrhsg. 	P/A/27 Form F-1, Class A Freight Forwarders Annual Report 
R/1/03 American Trucking Association Publications List 	 O/A/38 Invest, of RR Freight Route Structure, Ex Parte 270 

0/I/14 Freight and Passenger Traffic Density, Class I RR's- 
Air Cargo West. 	District 

0/1/10 'Official CAB Airline Rte-Maps-Airport to Airport Mlgs. 	0/A/26 Waterborne Shipping Market Analysis Master File 
0/1/02 'Air Transport 	 0/G/02 Situation Reports 
R/t/02 'Air Cargo from A to Z 	 0/G/03 Railroad Company Valuation Maps 
0/1/01 'AiL Cargo Guide 	 O/G/04 Railroad Yard Diagrmas 
O/A/47 FAA Statistical Handbook of Aviation, 19xx 	 0/G/01 DICCS Maps 

R/t/04 Car Hire Master List 
Waterway/Ports 	 R/!/08 Manual for Railway Engineering 

P/A/02 'Inland Navigation System Maps 	 O/A/06 Freight Car Supply Problem and Car Rental Policies 
P/A/03 'Map Inland Waterways Freight Tonnage 	 0/A/08 Livestock Transportation Survey 
0/1/21 'Interstate Port Handbook, lPxx - 

P/G/OS 'Port Authority Facilities Reports Motor Carrier 
0/A/11 Transportation Series 	 P/A/60 'Truck Weight Study 
0/1/24 Map-Cos-siercially Mavig. 	Inland Waterways of U.S. 	 P/A/34 'Form TCS, Freight Cosamodity Statistics, Annual Report 
0/A/20 Essential U.S. Foreign Trade Routcs 	 P/A/28 'Form M-1, Class I Motor Carrier of Prop. Annual Report 

P/A/29 'Forim M-2, Class II Motor Carrier of Prop. Annual Report 
Pipelines 	 , 	 P/A/30 *Form M-3, Class III Motor Carrier of Prop. Annual Report 

P/I/Ol 'Atlas/Crude-Oil Pipelines of U.S. and Canada 	 0/A/36 'Cost of Transportation Freight-Class I-It MC's-Gen. 
P/I/02 'Atlas/Products Pipelines of the United States Comodities 
O/A/31 'CrudeOil and Refined-Products Pipeline Mileage in U.S. 	P/G/03 'Motor Carrier Cbntinuing Traffic Studies 

- 	 P11/16 *Standard Point Location Code 
TOFC/COFC 	 0/1/44 'Trinc's Blue Book of the Trucking Industry 

o/A/41 'Study of TOFC Operations 	 O/A/52 'Nationwide Truck Cormiodity Flow Study 
0/1/33 'Official Rail Guide, No. Amer. Freight Services 	 D/A/48 Highway Freight Flow Study 
0/1/48 'Yearbook of Railroad Facts, 	19xx 	 0/1/45 Truck Taxes by States 

0/1/34 The Owner-Operator: 	Independent Trucker 
Multi-Modal 	 o/A/44 Comp.-lntercity Freight Market-Waybill Study of MC Industry 

0/A/55 'Sumasry of National Transportation Statistics 	 P/A/27 Form F-i, Class A Freight Forwarders Annual Report 
0/1/43 'Transportation Facts and Trends, iOn 	 P/Aj58 National Railroad-Highway Grade Crossing Inventory 
P/A/59 National Transportation Study 	 0/1/09 ATA American Motor Carrier Directory, Spec. Services Edition 
R/A/10 Statistical Abstract of the United States 	 P/A/56 Test Study Distribution of Shipments/Weight 
R/A/06 Historical Stats, 	of the U.S-Colonial Tiaes to 1957 	o/A/09 Livestock Trucker Survey II 
O/A/37 Intercity Ton-Miles, 1939-1959 	 0/A/08 Livestock Transportation Survey 
R/I/05 Commercial Atlas and Marketing Guide 

Air Cargo 
Non-specific 	 P/A/57 'FAA Airport Master Record Forms 5010-1,-2 

R/A/14 'Standard Transportation Coimaodity Description and Code 	0/1/30 'Official Airline Guide 
P/A/07 'Air Freight Origin-Destination Study 
P/A/08 CAB Service Segment Statistics 

STAGE 11 	 P/A/ll Scheduled All-Cargo Services 
0/1/12 CTOL Transport Aircraft char/trends 

Railroad 	 O/A/46 FM Air Traffic Activity 
P/G/09 'Railroad Track Charts 	 0/1/13 Digest of Statistics, Traffic Flow 
P/G/07 'Railroad Employee Timetables 	 0/1/42 Transoceanic Cargo Study Master File 
P/A/55 'Railroad Carload Waybill Sample 

* Essential data source. 	Ref. No. -- let digit: Pprincipal data source; O=other data source; R'reference. 
2nd digit: Apublic agency; Iprivate organization or individual; 

Ggeneral. 
3rd digit: Listing order found in Table C-3 of User's Manual (NCHRP 

Report 178) 
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Ref. N0.1 	 Short Title 
	 Ref. No. I 	 Short Title 

STAGE II (con't.) 	 I 	 STAGE Ill (con't 

Waterways/Ports Motor Carrier 
P/A/OS *port Series-Part II 	 0/1/29 *MCHRP 33-Values of Time Savings of Commercial Vehicles 
P/A/06 Waterborne Commerce Statistics 	 P/G/04 Motor Carrier Waybills 
P/A/35 *Form 14-1, Class A-B Carriers-Waterways, Annual Report 	P/A/48 Form QFR, Class I-TI Motor Car, of Prop.-Qtr. Rept. Rev. 

P/A/36 *Form  14-3, Class C Carriers-Waterways, Annual Report 	P/,xj49 Form QL & D, Qtr. Report Freight Loss/Damage, Class I NC's 
P/A/37 *Form W-4, Maritime Carriers Annual Report 	 P/A/43 Form PTR-M, TOFC Traffic-Class I Motor Carriers of Prop 
O/A/Sl 5List of Lights and Other Marine Aids 	 P/A/53 Form RB0, Rate Bureau/Organizations Annual Report 
R./A/03 River Pt. 	Dir. • Miss. River-Gulf Coast Inland Water- 	O/A/04 Cost of Operating Trucks for Livestock Transportation 

ways System 
0/1/19 Inland Waterborne Commerce Statistics, 19XX Air Cargo 
0/1/16 Greenwood's Guide to Great Lakes Shipping 	 P/A/b *Financial/Operating Report-Cert. Air Carriers 
0/A/56 Traffic Report of the St. 	Lawrence Seaway, 19XX 	 P/G/02 'J,iform Airbills 
0/A/26 Waterborne Shipping Market Analyses Master File 	 P/A/09 Finaiscial/0perating Report-Air Freight Forwarders 
P/A/17 Ship Data System 
0/A/10 Petroleum Transportation System Study Waterways/Ports 
0/1/42 Transoceanic Cargo Study Master File 	 P/A/04 *Perforl,Tance  Monitoring System 
0/AJ43 Barge Mixing Rule Study 	 0/1/23 *Keystone  Coal Buyers Manual 
RJAJ07 List of Barges Specially Designed-Carried on Other Ves. 	P/A/52 *Fon QWS, Qtr. Report Water Carriers Revenue Traffic 

0/A/22 Inventory of Aimerican Intermodal Equipment 	 P/A/14 Container Utilization 
P/A/25 Tanker/Barge Shipments PAD Ill-Crude Oil/Petroleum 

Pipelines 	 P/A/lB Foreign Trade System 
0/1/27 ,MPC: 	Report of Committee on Oil and Gas Trans. Facilities 	P/A/45 Form PTR-W, TOFC Traffic Term-Class A Water Carriers 
0/1/46 *U. S. Petroleum and Gas Transportation Capacities 	0/A/07 Grain Market News 
P/A/23 *Pipeline Products Report 
P/A/31 *Form P, Carriers by Pipeline Annual Report Pipelines 
0/A/29 Statistics of Interstate National Gas Pipeline Cos. 	P/A/51 *Form QPS, Quarterly Report of Pipeline Companies 
0/A/27 Cost of Pipeline and Compressor Station Construction 	0/A/28 Gas Supplies of Interstate Natural Gas Pipeline Cos. 
0/A/30 United States Imports and Exports of Natural Gas 	 0/1/15 Gas Facts 

TOFC/CDFC TOFC/COFC 
0/1/31 * Official Intermodal Equipment Register 	 P/A/43 *Form PTR-M, TOFC Traffic-Class I Motor Carriers of Prop. 
D/A/40 *Railroad Carload Cost Scales, 19XX 	 P/A/44 Form Pm-N, 11DFCfraf. Term-Class I PR'S/Car Movements 
0/A/50 Intermodal Cargo Study 	 P/A/45 *Form PTR-W, TOFC Traf. Ten-Class A Water Carriers 
D/AJ35 Circuity of Rail Carload Freight 	 P/AJ42 *Form  PTR-FF, TOFC Traf. Drig. Class A Freight Forwarders 
P/I/03 Revenue Freight Loaded by Commodities 
0/A/22 Inventory of Aiserican Intersodal Equipment Multi-modal 

P/A/21 *Bureau  of Mines Repetitive Commodity Surveys 
Multi-modal 	 P/A/22 *Distribution  of Bituminous Coal/Lignite Shipments 

P/A/U * Census/Transportation Commodity Trans. Survey 	 P/A/01 *Freeh  Fruit/Vegetables Shipment Master File 
P/A/ls *Domestic/International Transportation-U.S. Foreign Trade 	0/A/25  *U.S.  Multiregional Input-Output Data File 
0/1/27 *NPC: 	Report of Committee on Oil and Gas Trans. Facilities 0/1/11  *Coal Traffic Annual 
0/A/58 * ThC Intercity Freight Flows File 	 P/A/20 Bituminous Coal/Lignite Production and Mine Operation 
D/AJ23 National Network Simulation Model Traffic Flow File 	P/A/18 U. S. Exports-Schedule B, Master File 
0/A/53 Selected Statistics-Distance Hauls of Freight by Mode 	P/1sj19 U. S. Imports for Consumption/General Imports Master 
0/4/42 Transport Economics 	 D/A/33 Mineral Facts and Problems 
0/1/39 Shifts in Petroleum Transportation 	 0/I/06 Annual Statistical Report 
0/A/57 Transportation Projections: 	1970-1980 	 P/A/47 Form qFF, Class A Freight Forwarders Qtr. Report of Revenues 
0/A/05 Dry Granular Fert. and Formula Feed Transport Survey 	P/A/42 Form PTR-FF, TOFC Traffic Orig. Class A Freight Forwarders 

Non-specific Non-specific 
Ru/h *Standard Transportation Commodity Code 	 RJA/02 *Gulde to (FDA Statistics 
R/A/13 *Standard Industrial Classification Manual 	 0/A/03 *Annual Summary of Crop Production, 19XX 
R/I/14 *Standard Carrier Alpha Code 	 0/A/59 *0. S. Multiregional Input-Output Data File 

R/Aj04 *Commodity Transportation Survey Expansion Proj -Phase I 	O/A/21 *Input-Output Structure of the U. S. Economy 

O/A/45 *Energy Statistics-Supplement to Summary of National 	O/A/Dl *Agricultural Statistics, 19XX 
Transportation Statistics 	 0/1/35 sPetrolew, Facts and Figures 

R/I/11 National Motor Freight Classification 	 0/A/14 Census of Mineral Industries 

R/I/19 Tariff Guide No. 7 	 0/A/12 Census of Agriculture 

P11/07 Hazardous Material Code 	 0/A/13 Census of Manufacturers 
D/A/18 County Business Patterns 

STAGE III 	 RJA/09 Schedule B-Stat. Class, of Domestic I Foreign 
Commodities Exp. 	U.S. 

Railroad 	 R/A/O3 Schedule A-Stat. Clsss.of Commodities Imported-U.S. 

P/I/04 *TeleRail Automated Information Network - II 	 R/I/lS Standard Definitions for Petroleum Statistics 

P/G/Ol -Railroad Abandonment Applications 	 R/1/20 United Nations Standard Intl. Trade Classification 

0/1/18 *Indices  of RR Material Prices and Wage Rates, Class I RR's 	O/A/32 Fuel and Energy Data, U.S., by States and Region 

0/1/23 *Keystone  Coal Buyers Manual 	 0/A134 U. S. 	Mineral Resources, 	Geological Survey 

R/I/lB 'Studies in Railroad Operations and Economics 	 0/1/07 Annual Statistical Review 

P/G/lO tRailroad llsybills 	 0/1/22 Iron Ore 

P/A/26 Forms A-B, Monthly Report RR Employees, Serv. 	B  Coap. 	O/A/17 Census of Wholesale Trade 

P/A/40 Form OS-B, 	Class I 	RR's Qtr. 	Report-Oper. Statistics, 	0/A/16 Census of Retail Trade 

Revenue Traffic 	 O/A/15 Census of Population and Housing 

P/A/41 Form OS-C, Class I RR's Qtr. Report-Oper. Statistics, 	O/A/24 Survey of Current Business 

Pwr/Equip. 	 R/A/05 County and City Data Book 

P/A/SD Form QL, I D-R, Qtr. Report Freight Loss/Damage, 	 R/AJ01 Agricultural Outlook 

Class I RR's 	 R/A/ll National Petroleum Product Supply and Demand, 19XX 

P/A/44 Form PTR-R, TOFC Traffic Term-Class I RR's/Car Movements 	0/1/49 Yearbook of the American Bureau of Metal Statistics 

P/A/53 Form RBO, Rate mureau/organizations Annual Report 	 0/1/28 National Petroleum News Factbook, 19XX 

P/A/54 Form RE, 	I I, Qtr. 	Report Rev./Exp./Inc. 	Class I 	RR's 	0/1/25 Metals Statistics 

P/A/38 Form CBS, Class I RR's Qtr. 	Cond. Balance Sheet 	 0/1/03 Aluminum Statistical Review 
R/ 1/09 Moody's Transportation Manual 
0/1/47 weekly Statistical Bulletin of API 
D/A/02 Interregional Analysis-U.S. Grain-Mktg. Industry 
0/A/19 Enterprise Statistics 
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TABLE 11 

OVER-ALL CRITICALITY OF DEFICIENCIES, BY CATEGORY 

Frequency that Data Are Reqd. for Over-all Criticality 
Transportation Systems Planning Deficiency of Deficiency 

Issues and Problems Quantitative Assessmen; and Unmet 
Data Category Approach Methods Approach Table H-1 Data Needs 

Commodity Production Low Moderate Minor Low 

Commodity Consumption Low Moderate Minor Low 

Commodity Flow Low High Major High 

S Traffic Flow Moderate to High High Major Very High 

Vehicle Flow Very High High Minor Moderate 

Import/Export Low Low Minor Low 

Routings Moderate to High Moderate Moderate Moderate to High 

Financial Moderate Low Moderate Moderate 

Operating Statistics Moderate Low Moderate Moderate 

Physical Characteristics Moderate Moderate Moderate Moderate 

Rates/Tariffs Low to Moderate High Major High 

Level of Service Low Moderate Major High 

Commodity Low Moderate Minor Low 
0- - I- 

Market Low Low Minor Low 

Shipper Low Low Minor Low 

Facility Location Very High Moderate Minor Low 

E Condition of Plant High Low Moderate Moderate 

o Operating Characteristics Very High Moderate Moderate Moderate 

Use-Capacity Very High High Minor Low 

Unit Costs-Operating Moderate Moderate Major High 

Unit Costs-Capital Low to Moderate Moderate Major High 

Noise Low to Moderate Low Minor Low 

Air Quality Low to Moderate Low Minor Low 

Water Quality Low to Moderate Low Minor Low 

- Soil Erosion Low to Moderate - 	Low Minor Low 
Li 
04 

Ecologic Low to Moderate Low Minor Low 
a z - Economic High Moderate Minor Moderate 
a z < Socio-Political Moderate Low Minor Low 
Li 

Aesthetic-Visual Moderate Low Minor Low 

Energy Consumption Low to Moderate Moderate Minor Moderate 

Safety-Related Moderate Low Minor Low 
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(6) whether the identified deficiencies can readily be met 
through proxy measures or state-level data collection activi-
ties. An over-all assessment was then made by judging 
whether the deficiencies were minor, moderate, or major. 

The over-all assessments were compared with the fre-
quency that the particular data categories are required in 
statewide transportation systems planning by both the 
problems/issues and quantitative methods approaches to 
determine the criticality of deficiencies to statewide trans-
portation planning needs and unmet data needs. The re-
suits are given in Table 11. 

The most important unmet data needs were found to be: 

Commodity flow and traffic flow data. 
Routing data. 
Rates/tariffs data. 
Transport level-of-service data. 
Unit cost data (capital and operating). 

Of these five unmet needs, commodity flow and traffic 
flow data were found to be by far the most important, as 
they are basic to (1) demand forecasting, (2) modal choice 
analysis, (3) network analysis, (4) economic evaluation, 
and (5) impact estimation. None of the other unmet data 
needs have such wide applicability. 

ALIERNAF1VE Si RAjEGIES AND RECOMMENDATIONS 

Strategies to reduce deficiencies and generally to improve 
the quality of data available to the states differ as a func-
tion of the data category and the criticality of the deficiency. 
The research distinguishes between substantive strategies 
(relating to improvements to the data per se) and institu-
tional strategies (relating to who should do the work). Rec-
ommendations given in the following concentrate on the 
former, however. 

Six basic strategies for improving the substantive quality 
and quantity of available data were identified, as follows: 

1. Assemble similar data sets. The on-going work by the 
USDOT Transportation Systems Center is a good example 
(at the national level) of how existing commodity and 
traffic flow data files from different sources can be com-
bined to produce a comprehensive data base. The advan-
tages of this strategy are: (I) the work is institutionalized 
on a continuing basis; (2) necessary cross-checks are made 
of commodity production and consumption; (3) competitive 
files can be assessed, differences identified, and the best data 
sources chosen; (4) long-standing problems in coding sys-
tems and definitions are more likely to be identified and 
resolved, once and for all; (5) the use of existing data files 
is maximized; and (6) advanced data base management 
techniques and computer software systems can be used. 
Such a data base should be designed with state needs in 
mind, as well as those of the sponsoring federal agency, and 
should be made available to states. This same strategy 
applies to other data sets as well. 

Publish and disseminate data. Many categories of 
data, especially those involving unit costs, rates, and emis-
sions, are difficult to assemble because of the uniqueness, 
fragmentation, and obsolescent characteristics of the data 
sets. The suggested strategy would be to have a govern-
mental agency or private organization prepare reference 
materials for state DOT use in much the same way that 
various routing guides, atlases, "facts and figures," and 
other similar publications are prepared for shippers. One 
possibility, discussed in Appendix C, would be a handbook 
or fact book containing a full set of unit cost data in a 
form readily usable by state planners. (This concept could 
be extended equally well to rate and emissions data.) Such 
a handbook, which would be updated periodically, would 
fully describe and document the sources of data used and 
the assumptions made in a form readily understandable to 
the state planner. Further, it would explain how to adapt 
the data to different planning applications and how to 
modify it to reflect local conditions. 

Working relationship with carriers. Under this strat-
egy, states would establish close working relationships with 
carriers operating within their border by bringing them into 
the freight planning process, as well as cooperatively work-
ing with and relying on them for data analyses, assessments, 
etc., much of which could be on a cost-reimbursable basis. 

Expand sample rates of federal data sets. The useful-
ness of traffic flow data for state planning (as opposed to 
national and multi-state regional planning) is severely re-
stricted by the low sample rates, which mandate geographic 
aggregation of the information obtained for disclosure rea-
sons. The recommended strategy is to increase these sam-
ple rates so that enough samples are obtained to provide 
traffic flow data for at least multi-county planning regions 
within a state. States should actively encourage federal 
agencies to improve the quality and extensiveness of exist-
ing data sets. 

States conduct primary surveys. For certain types of 
physical and operating data, states can best assemble the 
required data. Although states should basically rely on 
secondary data for freight transportation systems planning 
purposes, there are instances where primary surveys are 
required. These surveys should be designed to collect only 
the limited, specialized information required, as is done in 
rail branch line shipper surveys. 

Expand the U.S. Census of Transportation. The Com-
modity Survey has the virtue or potential of being the only 
truly comprehensive approach, provided it is expanded to 
include agricultural, mineral, and wholesaling sectors (as 
well as transport level-of-service attributes). The recom-
mended strategy is to expand significantly the coverage, 
sampling rates, and detail sought on sample shipments and 
to conduct the survey on a continuous basis. Ideally, data 
on both physical movements and transport expenditures 
should be obtained, thus tying together the work of the 
planner and the economist. 
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CHAPTER THREE 

INTERPRETATION, APPRAISAL, AND APPLICATION 

The preceding findings are interpreted and appraised in 
the light of the freight planning situation as it existed in 
1976 in most states and regions, because that situation 
represents the point of departure from which the results of 
this research will be applied. The current situation, de-
scribed in the following, affects the way in which planning 
is done and, as a result, the data that are required. Ac-
cordingly, interpretations are drawn regarding both the 
"planning" findings of this research and the "data" findings. 

THE FREIGHT PLANNING SITUATION 

At present, limited state resources are being applied to 
attack a very broad set of problems, using a variety of 
methods (some of which are in need of substantial im-
provement) In many states, the role that state government 
will play in statewide freight transportation planning is still 
being worked out. Despite these fundamental problems, 
freight transportation is a matter of utmost importance to 
each state, particularly to its economic base. 

Perhaps one-half of the states are actively pursuing 
freight transportation planning. Of these, the typical state 
might have a staff of between one and eight professionals 
(more often only one or two) able to devote full time to 
freight planning. Generally staff work is primarily con-
centrated on railroads, highway truck transportation, and 
to a lesser extent on ports and waterways. Some federal 
funding for rail planning has recently become available 
under the Regional Rail Reorganization Act of 1973 and 
the Rail Reorganization and Regulatory Reform Act of 
1976. Otherwise, freight transportation planning is largely 
state supported. Planning is typically concerned with physi-
cal facilities and economic or environmental impacts; regu-
lation of rates is most often someone else's responsibility. 

In part, this situation is the result of past uncertainty as 
to the state's appropriate role in freight transportation. 
Freight has largely been the domain of private enterprise 
and the Federal government, whereas states are responsible 
for the intrastate regulation of rates and for some types of 
safety regulation and inspection, the main actors have been 
the carriers, USDOT, ICC, CAB, and the Corps of Engi-
neers. As the railroad crisis deepened since 1970, states 
have become more involved in rail system planning, par-
ticularly with light-density lines. Through this, the critical 
importance of adequate, economical, and efficient freight 
transportation to the state's economy has become more 
apparent to state governments. The need for preparing 
comprehensive plans for multi-mode freight systems has 
received renewed interest. But the state's role is still being 
hammered out, and each state may adopt a different policy 
and approach, What role should the state adopt with regard 
to private industry? What aspects of planning are properly 
federal, as opposed to state or local? It may turn out that  

the appropriate responsibility, even within a mode, is di-
vided: for example, the federal government and the rail-
roads may have primary responsibility for main line 
railroad planning, whereas the state role is limited to 
light-density lines. All this is still being debated and 
consequently will remain unsettled for quite some time. 

From the point of view of methodology there is a num-
ber of techniques for certain aspects of freight planning, 
as described in Appendixes B through G. However, there 
is a great need for improvement of techniques. Moreover, 
there is no "grand design" for pulling together or coordi-
nating the many separate kinds of planning activities. Pre-
vious conceptions of comprehensive, multi-mode planning, 
such as urban transportation planning, do not appear to 
work in the freight field. In particular, no satisfactory 
linkage has been created between economic or development 
planning and transportation planning. 

None of these difficulties, of course, reduces the im-
portance of the subject matter or the need for a constant 
search for better adaptation in an area of economic, social, 
energy, and technological change. But they do have strong 
implications for state planning programs and for the data 
that such programs will require. 

INTERPRETATION OF FINDINGS REGARDING PLANNING 

In light of the preceding description of the situation, how 
should the findings of the research regarding planning be 
interpreted? The principal findings were (1) that there is 
a diversity of problems and issues, of possible state roles, 
and of geographic/jurisdictional levels at which problems 
occur; (2) that there is a diversity of actual and potential 
planning responses; and (3) that there is no consensus as 
to what a comprehensive freight planning process should 
be or as to the content of a statewide freight transportation 
plan. 

The answer is that the present diversity of planning 
responses is an undesirable state of affairs and that in the 
next five to ten years a consensus should be achieved as to 
a "core" freight planning process, or at least a common 
program of freight planning activities that will be used by 
most states. 

The research work did not produce any findings as to 
what a "core" freight planning process might be, as the 
research was deliberately oriented to data needs rather than 
techniques. Proposals have been advanced by sources out-
side of state government in both California and Pennsyl-
vania, but neither has been tested in practice. Consequently, 
it is only possible to speculate on what such a process 
might be. 

The minimum essential requirement of a "core" freight 
planning process is that it should provide connecting link-
ages between most of the specialized types of freight plan- 
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fling that a state is likely to use—not simply for the sake of 
connecting them, but to make certain that separate plan-
ning operations do not produce inconsistent or false recom-
mendations. Thus, essential linking components will most 
likely be: 

Short-range (5 to 10 year) aggregate freight demand 
forecast by county or substate region. The output of this 
forecast should be in tons of freight shipped and received, 
by major (2-digit) commodity classification. 

An estimate of the modal split of the preceding 
demand. 

Physical and capacity characteristics of the freight 
modes, mapped and tabulated. 

Capital and operating expenditures likely to be made 
by the freight transportation system, both public and 
private. 

General estimates of the direct and indirect impacts 
of freight transportation system operations. 

Basically, these linking components permit (1) across-
the-board evaluation of the needs of the state's economy for 
transportation services, and (2) the comparison of effi-
ciency and impacts of proposed changes in the several 
modes. 

The components, by themselves, do not constitute a 
process. The lack of a process continues to baffle profes-
sionals working in the freight field. Thus the conclusion is 
that extensive work is required by both federal and state 
governments, to advance the state of the art in freight 
planning at the state level. 

One practical approach for states to take is to enter into 
freight planning by small steps, tackling a problem here 
and a problem there as needs arise or are foreseen. Because 
of the mixture of public and private interests in freight and 
the fact that freight planning is a new and relatively un-
charted activity, it is most probable that a majority of states 
will adopt this approach. In many ways this is a desirable 
strategy that will allow planning techniques to mature, as 
opposed to the high risk of attempting a massive system-
wide or multi-mode approach that could fail and/or be 
excessively time consuming. On the other hand, major 
advances in planning techniques will be inhibited or frus-
trated until the supporting data become available. Hence, 
the major need is one of improving the data resources 
available to states. 

INTERPRETATION OF FINDINGS REGARDING DATA 

In capsule form, the principal findings regarding data 
were that ( I ) there are substantial secondary data resources 
available for state transportation planners, (2) many times 
these data are not in the form or degree of detail needed 
for state or regional planning, and (3) the most important 
unmet data needs are in the fields of commodity and traffic 
flow, routings, rates and tariffs, level of service, and unit 
costs. 

In the light of limited state capabilities and an immature 
planning process, such findings accentuate the need for in-
creased effort to make it easier for the states to acquire and 
use data that are in the form and detail required for state 
or regional planning. 

A dominant need, therefore, is not so much to get more 
data as it is to make present information more accessible 
or available to states for use in their planning activities. 
Accessibility in this sense is the total cost of assembling, 
coordinating, and checking data. Thus: 

This NCHRP project is a major step in the right 
direction because it presents, for the first time, a 
catalogue of available data with specific directions 
regarding how to obtain such data (User's Manual, 
NCHRP Report 178). 
There is a significant need to improve the coordina-
tion of the existing files, so that states, for example, 
will not have to deal with separate files on minerals, 
agricultural products, and manufactured products as 
they now are required to do. 
There is a significant need to increase sample rates 
in several major files so that data can be published, 
without disclosure, for smaller geographic areas. 

These interpretations accentuate the importance of Fed-
eral action, because coordination of existing files, the most 
important of which are federal ones, if done once at the 
source, will obviate the need for individual coordination 
efforts at the state level. It would also make the data more 
usable for federal purposes. State petsonnel would then be 
able to concentrate on planning instead of onerous data 
assembly operations. 

Except for special-purpose shipper/consignee surveys, 
little need is seen for primary data collection by the states 
themselves. 
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CHAPTER POUR 

CONCLUSIONS AND RECOMMENDATIONS 

The research work undertaken for the project "Freight 
Data Requirements for Statewide Transportation Systems 
Planning" has resulted in the production of two major 
documents—this Research Report containing findings and 
interpretations, together with technical appendixes, and a 
User's Manual (NCHRP Report 178) containing a cata-
logue of available data and techniques for collecting 
primary data. 

The conclusions and recommendations given herein are at 
the policy level and are concerned primarily with improv-
ing the supply of data available to the states. 

CONCLUSIONS 

I. Although there are substantial quantities of secondary 
data currently available for freight planning, and these data 
have been catalogued, many of the data sets are insuffi-
ciently detailed, especially in terms of geographic detail, for 
application at the state level. Further, the coordination 
between data sets is difficult to achieve. From the perspec-
tive of limited state planning staffs, the costs and time now 
required to assemble the necessary materials are excessive. 
Therefore, it is concluded that substantial effort is needed 
to improve existing data sets to make them more useful to 
the states. 

States need to collect only a limited amount of pri-
mary data to supplement existing data series. The shippers 
survey is probably the most important type of such primary 
data collection. 

There are many separate planning techniques avail-
able to address the many varieties of freight problems/ 
issues facing the states. However, (a) the techniques them-
selves need further improvement and (b) there is a need 
for a core process to link the various techniques together. 
The need for improvement on both fronts is important to 
the states but will be difficult to attain, unaided because of 
limited funds and professional resources. 

RECOMMENDATIONS 

Given the preceding policy conclusions, the following 
implementation recommendations are made: 

1. The primary initiative for improving freight data must 
come from the federal government, acting in cooperation 
with the states. The reasons for direct federal government  

involvement are (a) most data series are already federal, 
(b) most freight data need to be obtained nationwide 
(states, even when planning just for their areas, need data 
for regions beyond their borders), and (c) the costly, 
technical nature of data collection and processing. 

The states should not enter the freight data collection 
business except (a) for specialized surveys of particular 
activities (such as shipper/consignee surveys connected 
with branch line abandonment) and (b) for the assembly 
of specialized information from secondary sources, such as 
compiling of physical inventories of freight networks and 
terminals, and calculation of their capacities. 

Major federal initiatives in improving freight data 
should be: (a) to assemble and combine existing data sets 
so as to facilitate their use; (b) to publish and disseminate 
those types of data (such as unit costs, rates, energy re-
quirements, and emission rates) which are difficult to as-
semble because of their unique character, fragmentation, 
and variability through time; and (c) to expand sample 
rates of federal data sets so as to provide disclosahie in-
formation for smaller geographic areas. 

Improved working relationships should be established 
between government and private carriers because so many 
data originate with private carriers. 

Research into improved planning techniques of sev-
eral types is warranted, particularly into (a) methods for 
calculating the costs and revenues, from available data, to 
be used in economic evaluation techniques, and (b) meth-
ods of forecasting future freight demand at the county or 
multi-county level. 

Research is needed into the development of a core 
process by which multiple planning methods can be linked 
or related in ways that will assure consistent results toward 
the achievement of state goals. 

The advent of electronic communications between 
large shippers and carriers, which is on the horizon, will 
ultimately change the entire nature of carrier record-
keeping systems. Collection of traffic flow data should 
be incorporated into the development of such systems at 
the outset. In the meantime, present obsolete systems for 
providing traffic flow data should be revised to permit 
mechanical sampling/data extraction or provision of the en-
tire file. Although mechanization can never reach 100 per-
cent, it ultimately could provide the great bulk of traffic 
flow data. 
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This appendix records the results of the initial approach 
of Project 8-17, which was to deduce data needs for state-
wide freight systems planning by first identifying the major 
issues and problems facing representative state departments 
of transportation. Then probable state roles in addressing 
the issues/problems were examined, together with the major 
planning activities that would logically be carried out at the 
state level to solve the issues/problems. This led, in turn, 
to a listing of the major classes of data required by states. 

It should be noted that the data needs identified through 
the preceding "top-down" approach have been combined 
with data needs as identified in Appendixes B through F 
"bottom-up" approach to provide an over-all ranking of 
data needs, as given in this appendix. 

ISSUES AND PROBLEMS 

Suivey Procedure 

Issue identification started with a series of interviews with 
public agencies, private companies, and universities under-
taking various forms of freight transportation planning. 
The purpose of these interviews was primarily to identify 
specific procedures that have actually been used to develop 
plans, priorities, and capital or operating subsidy programs 
for freight transportation, and secondarily to rank freight 
transportation issues and planning needs. During the course 
of the interviews it became apparent that substantially less 
quantitative work had in fact been accomplished by state 
transportation agencies than originally thought; thus not 
many freight planning procedures and associated data re-
quirements were discovered through the interview process. 
On the other hand, the interviews did produce a thorough 
discussion of current problems facing the selected states, 
indicating what issues were important to states interested 
in freight planning. 

During September 1975 interviews were held with DOT 
planning staff personnel in California, Connecticut, Iowa, 
Maryland, and Wisconsin. These states were selected on 
the basis of (a) existing legislative authority supporting 
statewide transportation planning activities, including 
freight; (b) preparation (either complete or in progress) 
of a statewide master plan for transportation; and (3) cur-
rent state initiatives in undertaking freight planning "on 
their own." Interviews were also held with officials in 
USDOT and its modal administrations, other federal de-
partments, and the regulatory agencies. 

In discussing freight issues or problems with state re-
spondents, efforts were made to determine their relative 
importance: Does the particular issue now or will it likely 
warrant significant state involvement during the next five 
to ten years? Further questions were asked focusing on 
whether the issue was (a) receiving significant department  

attention; (b) considered to be major, minor, nonexistent, 
or beyond normal department responsibility; (c) a one-
time or recurring problem; and (d) of direct interest or 
concern to state government (as compared with local gov-
ernments or in a few cases the federal government). If the 
issue had received significant attention, additional questions 
were asked concerning (a) whether staff work had been 
undertaken to resolve the issue, (b) the use of a formal 
analytical process, (c) a description of any planning tools 
or methods employed, and (d) the types of data used and 
their sources. Issue identification initially was by a list 
supplied by the interviewer; however, time was allowed at 
the end of each interview for an unstructured discussion 
of other issues and problems. 

The interview results were carefully studied and aug-
mented with similar information on problems and issues 
obtained from other sources. In the end, a composite list-
ing of 74 major issues having widespread applicability was 
developed on a modal basis. The identification of 74 issues 
represents a compromise between a smaller number of more 
generalized issues versus the increasing unworkability of an 
expanded list having somewhat improved specificity. Inter-
modal issues were not singled out separately; rather, they 
were included with the mode with which they were 
primarily associated. 

Not unexpectedly, the issues vary by mode. Over one-
half of the identified issues were associated with rail or 
motor carrier transport, where the possibilities for state 
involvement are the strongest. A moderate level of involve-
ment was foreseen in the case of ports and waterways. 
Public investment in ports, where done, has usually been 
by local governments; only a few DOTs have had direct 
responsibility for the maintenance, operation, and promo-
tion of ports (as Maryland has in the Port of Baltimore). 
With the sole exception of the New York State Barge 
Canal, waterways have been a federal responsibility. State 
involvement in air cargo and pipelines was found to be 
fairly low. Air cargo terminal facilities are usually financed 
through long-term lease agreements between the carrier and 
airport owner/operator (usually a local government). Run-
ways, taxiways, aprons, and buildings are basically pro-
vided for passenger transport; the cargo function simply 
represents a supplementary service. Pipeline planning re-
mains the responsibility of private enterprise. In most 
states, relatively little new transmission pipeline construc-
tion is currently being undertaken. However, there is some 
talk of slurry pipelines. 

In addition to listing issues, the interviews disclosed, for 
each issue: (1) the planning objective, (2) the past level 
of state involvement, (3) probable future state involvement, 
and (4) the potential role of statewide transportation 
systems planning in regard to each issue. These subjects are' 
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of importance to those individuals who are developing 
statewide work programs, and therefore determine the 
format in which the interview results have been presented. 

Presentation of Results 

The results of the preceding investigations are presented 
in Tables A-i through A-6, each reporting on a separate 
freight mode. A verbal format has been used because there 
is no other way to convey the many ideas that relate to 
each issue. 

It is expected that personnel in state departments of 
transportation will find this table useful as a checklist 
against which their own state's problems and issues, plan-
ning objectives, and roles can be compared. The tables 
assume that a state transportation agency has the legal 
power to undertake freight planning for all modes, although 
many individual states do not have such broad powers. The 
tables also assume no major changes in the present balance 
of roles between federal and state. 

Conclusions on Issues and Problems 

What conclusions can be drawn from examining the 
entries contained in the six tables? First, there is a tre-
mendous variety of types of problems with which the states 
are concerned; these range from systemwide supply ques-
tions to the socioeconomic impact of branchline closings. 
Second, freight planning is invariably a shared or coopera-
tive program with the Federal government and the car-
riers. Third, little quantitative state-level work has been 
done to date. Fourth, interest and involvement in the listed 
issues will vary appreciably as a consequence of the local 
problems being different from state to state; as a result, 
freight planning will remain unique from state to state. 
Finally, unlike other forms of transportation system plan-
ning, no responsibility has been uniquely delegated to states; 
rather, states must develop their ultimate role through 
genuine interest, professionalism, and willingness to invest, 
to promote, to solve emerging or long-standing freight 
issues or problems. 

DATA REQUIREMENTS AS IDENTIFIED BY ISSUES 

For the purposes of identifying data needs in priority 
order, and to facilitate use by state personnel, the results 
of the interviews have been summarized (Tables A-7 
through A-12) in relevant categories; they have also been 
extended to indicate basic data categories needed to respond 
to each issue. This format will enable statewide freight 
transportation planners to observe the frequency with which 
issues in a particular state fall into groUps (a) by type of 
issue, (b) by level or scale, (c) by role, and (d) by type 
of planning activity helpful in responding to each issue. 
The basic types of data needed to respond to each issue are 
then identified. 

The user should employ these tables as checklists, to 
record which issues/problems are important for his state, 
what planning activities will have to be undertaken, and 
what the basic data requirements are. To aid in this use, 
the categories used are discussed in the following. 

Categories of Issues/Problems 

For convenience, the issues and problems described in 
Tables A-7 to A-12 have been categorized into six types, 
as follows: 

Intermodal. Problem involves either (1) the interface 
between different freight modes, or (2) direct competition 
between modes. 

Line haul. Problem involves intercity movement of 
freight from an origin area (shipper or local terminal) to 
a destination area (consignee or local terminal). Includes 
the condition, operation, and/or cost of the physical facili-
ties (roadbed and vehicle) used to perform the movement. 

Terminal. Problem involves handling and local transport 
operations associated with pickup and delivery of freight 
from the shipper to the terminal or from the terminal to 
the consignee. Includes the condition, operation, and/or 
cost of the physical facilities (terminal, vehicle, possibly 
roadbed) used to perform the movement. 

Competition. Problem involves inter-carrier competition, 
including such aspects as market entry, routes, services, 
rates, etc. 

Infrastructure. Problem involves government and carrier 
investment in new or rehabilitated transportation facilities 
(roadbed, terminal, vehicle). 

Impacts. Involves direct and indirect impacts resulting 
from actual or proposed changes to the transport system 
(services, tariffs, infrastructure, etc.). 

Level or Scale 

The listed issues or problems affect different geographic 
areas. Some are national in scope

'
many are state or multi-

state, and a few are essentially local. Scale is a major 
factor in determining which level of government should 
ultimately be responsible for solving different issues or prob-
lems. Once scale has been determined, the role of the state 
in addressing a particular issue becomes clearer. This is not 
to suggest that a state need not be interested or concerned 
with national or local issues because they would logically 
fall to other levels of government; rather it suggests that 
the designation of the lead agency normally conforms to the 
scale of the problem. The fact that an issue or problem is 
of interest and concern to a state does not necessarily mean 
that it is appropriate for the state to take the lead in address-
ing it. In short, states should recognize the need for a 
realistic division of responsibility of freight planning among 
the different levels of government; one which does not in-
hibit state-level initiative or overstep functions assigned to 
other units of government. 

The several different level or scale categories are de-
scribed in the following (a problem or issue may, of course, 
be critical at two or more of these levels): 

National. Problem affects all states; lead and major plan-
ning response must be by federal government with states 
retaining an active interest in the problem and adopting a 
supportive role in the conduct of planning activities. 

Multi-state. Regional problems that affect two or more 
contiguous states; lead and response can be either by 
(a) federal government as described under "National," or 



TABLE A-i 

ROLE OF STATEWIDE TRANSPORTATION SYSTEMS PLANNING-RAIL 

Potential Planning Significant Attention or State Involvement 
Potential Role of Statewide 

Issue/Problem Objective(s) Present Perceived Future Trassnortation Systems Planning (TSP) 
Implementation 
Responsibility 

A National or legional Pocus future promotional, N one eacept forces- lncreaingly important. Implicit federal reoponsibi: its, but are which should re's' heavily on Rn mgt 	and Federal government 
Rail Systems Plan for regulatory and financial  parable work done by Lack of a designated state 15Cr insauts 	plan shou'. d be developed cooperatively between federal and state may require legia- 
Trunk Routes assistance programs on FPA and uSSA in the national system of rail governments. 	Has physical, operational, regulatory and financial components, nation to permi 

an agreed-to system of northeast/madwest, trunk routes inhibits NatIonal rail plan has not been attempted in recent decades 	lead most be taken by syateas planning. 
nnterstate trunk routes, federal/state pro grams IlSOOT and the ICC, 	State TSP (state IXPI working cbs ely with the state regulatory 
Provzde a compatible supporting the use of or agency) not ght undertake a physical/condition usage inventory of trunk routes, trunk 
basis for state trunk, inprovemeno of intern tate route funscti onal class" fi cation 	economic assessments of the ianat t of rai 
route rail pl  innIng, trunk routes. 	Regional changes a,on industries uti firm g  rail service, identification of reali emsent, by. 

or national plan desirable pass, or route consolidation projects offereing nljor time or operating cost savings 
as framework for state plans. etc. 	State product would i.clude (I) data, 	(5) economic assessments, 	(3) 	capital 

project identaficanion and assessments, 	(4) 	joint usage and other tonsolidltion 
proposals, 	(I) 	adentifitation of high/wide routes and the location of industries 
periodically making out -sized shipments, etc. 	Federal product would he a physical 
plan of vmj or interstate trunk rou tes along with polity, regulatory, safety, and 
financIal ccc oomendations designed to bring the developed plan into existence over 
a stated time period. 	General direction, thrust, procedures, etc. must be net by 
the federal government, 

2. 	Construction of New Provide effitient, econ- Virtually tone. Contieuation of periodic Willie planning, constructing, and operanangu new rail line is the responsibility LIi all. 	with state 
Rail 	Lines. onical transportation (permit approvals requirements for conanr 

	
t' 

of RR mr 	there are three nal or areas of state lOT involvement. 	The first is to tOT assistance in 
Shrough cointructios of generally do not of new rail 	lines 	p ? 

n objectively advnne energy f:ren opening up new mineral deposits, on relative costs cbtaining necessary 
I linkages, where involve state trans- those providing 

acse 
 to 

and impacts of alternate nodes of transport. 	This would require etonnoi c and clearances and 
major gains is transport portation object- aaj or new mineral deposits , n envlrontattal impact asseanenos . 	The second is toac t as a lead a gemcy in (1) permits. 
efficiency can be achieved, ices, (occurs naimay in western 

coordinating project planning among lnterestesl and affected federal, 	state, and 

southern 	ortions of U 	
' local ugrmcnes, 	Interest grew, 5, etc. and (2) oh taanat g  persni ts and clearances 

necessary tcproject 	iypleomntstion. The third, which applies particularly to new 
main lane routes, 	us to undertake project feasibility studies, perform preliminary 
etgimeeriaug, prepare environment an 	in pact soatenests, etc. 	The latter presumes 
(1) project jusOificatiom is not purely economic 	(includes social, environnental 
benefits) 	and (2) the necessity for federal/state/railroad investment if the pro- 
jectwere to be implemented, 

7. 	0 lectri ficat ion of nigh Provid emore economical, Virtually none. Some developing interest. While 1,1 alsaling, consoruttin g 	and imp lementin geiectri fication is the reslaonai bili ty tR agt, with state 
Density Rail 	Lines, energy efficient trans- Depends upon the roe e the 

of eR rngt., 	state 	lOTs can at t as a lead mgencv in (1) 	coordinating project planning tOT assistance im 
portation on routes having federal government ulti natel 

y among Interested and affected federal 	state, 	and local agencies, interest groups, ckt ailing necessary 
traffic densities su ffic- plays in promoting ci ectri 

- etc. 	and (2) oh taunung necessary persnl ts and clearances, 	Wha Ic not state TSP per c leurances and 
ient to warrant electrif- ficaO ion for energy conser, 

se, 	states could act as agents of US DOT in administering federal aid to ERa and can- permits. 
icatio, atios purposes. structuon supervision (assumes federal/state financial partIcipation) 

4. 	Construction of Rail eel ocate non -grade Occasional reloc- Cantinaeatiom P41 lswi than state TSP. 	Has physical, 	traffic, safety and res ource allocation State lOT and 55 
Bypass Routes Aroue d separated trunk routes anion general I 	in y 

of present 
response, 

components. 	It the past, has b eenapoction of statewide highway system planni Ig jointly. 	Proj ect 
urban irmas, from densely built-up, lieu of constructing (rail 	lane relocatlon in inca of grade separation of esasting tracks). 	Potential glinting, 	design, 

urbaniled armas by can- an ext ensive number government anvo lveme,i tanner, from traffic, smfety, and urban environmental problems. P.L'IV acquisition 
tructi sg bypass routes, of grade separation Lead eust be taken by state DOTs working in close coordination with RRs, and com- construction 

structures, nunataes aalverse a y nffecte d by Na presence. 	Applicable only to situations where supervision 
(1) nua,ereess grade crossings esas t, 	(2) 	train ape e di are necossa,-i ly slow and fre- t f state IO't 
quent, 	(5) 	serious traffic back-up, 	congestion occurs at crossings, 	(d) economic except for tt 
growth, redevelopment inhibited by pcesenco of Rt tracks, 	(5) hacardous materials force account 
are likely to be transported 	(i) 	cargo aecuri ty is a problet, and (7) 	sen ous noise, work). 	Some states 
publac safety, and scbool/ fire/po lace access prob lens exist, 	'lP involves c end uctimg nequi re RB and/or 
cornidur studies of possible bypass routes; also economic assessments of the benefits local governtett 
and costs if rail bypass routes. 	Pro duct could reconanend bypass route construction 1 financial contri - 
bypass routes mus 0 be judged against other highway-rail grade separation/crossae 
projects. 

S. Terminal/Yard Rcp lacement, Promote improved terminal Virtually none, ultimately iepoctant. Rest undertaken cooperatively on a multi-state basis, 	this physical, locational, 9,ured reapoasibinity, 
bloderniaatlon, efficiency (decreased time unless land 	is pre- Depends upon the roae operatmonsl, and financial components. 	In past, reap, of gin all. with little or no FIT mgt, 	with federal/ 

and cost), 	enhance carrier empted by use for the federal govt ul o in- state or Federal invo Ivemeat eac ept for permits, etc. 	Potential gov'c involvement state financial assist- 
vaahn I my t hcu increased highway purpose, ately plays is promoting arises frjt (1) 	inabl lacy of some railroads to undertake expenditures (2) desire ansce for land, facil- 
traffic, energy efficiency (Rote pi Ion or greater terminal/yard to uchanvm greater industry efficiency, or (3)  reuse of land tied up in railroad ithics. 	Possible state 
etc. 	then federal/state/ prototype at federal efficiency and whether facalntios. 	Lead should be taken by ISlOT, with participation by state DOTs, St or local ownership 5 
railroad investment in me. and 	local 	level,) such pro grats include met. and Labor, to ensure reasonable investment payoff. 	TSP mao Ives preparing lease back of facility 
placing/nodemnixing yards. funding and are implm- freight firecasts, liorridor flows, modal split, network simulation, terminal/ to ke, 

mentesi t bra state DOTs. yard condition/capacity/ne ecs/costs. 	Pro duct would identify terminals/yards 
requiring ceplacement/expamo_ion/modernilation/consoliditiom and those no longer 
needed ulntg with prioritIes, costs, benefits, and impscts onaternimia/yard - 
basis, 	Project plammang resp, of en met. Co ordinating with regional and local 
p lannang agencies. 	General thrust, direction, 	investment criteria should be set 
by federal loin. 



TABLE A-i (Continued) 

Potential 
Issue/Problem 

Planning 
Obj ective(s) 

Slgn,ificant Attention 

Present 

or State Involvement 

Perceived Future 
Potential Role of Statewide 

Transportation Systems PR anning (ISP) 

lnplevaer tation 
Responsibility 

Provide New 	improve or Pro,moteintermodalism. use Virtually, none. Ultimately important. 	Do- Best un iernaken cooperatively on a multi-state basis. 	lisa physical, 1, oporamions I, reguim' Shared rca puns i- 

rail for line haul of 	 per- (some at federal pends upon rule federal tory, 	Policy, 	and finmoaci a I 	components. 	in past, 	resp. 	of IS egn . with 	little or no in laty 	hip. agt 
Existing latermodal 
Trans for Facilities tinn of movement, carrier level) government plays in promoting state o: federal ineolveeent eacehit for pereits , etc. 	Potential 5°V' t asvolvonent nrsses with federal/ 

t iru incr viability 	eased interinodalian and whether from desire to promo te rail usage, istonno daliam. 	Lead must be taken by IEWT, with state faranci ml 

traffic, energy efficiency such programs include participation by state looTs, 	Ia ngt - and labor, 	tSP involves preparing freight forecasts, assistance 	for 

improve the efficiency etc., funding and are implenented corn do:' flows, 	service characteristics, nodal split, rail network simulation, 	f,ici Ii ty facilities, 

of interendal facility in part thro state DOTs, condition! capaci my/aeodslcosts - 	Pro duct would identify new facilities required or equipment, etc. 

operations thru greater inproeeeonno to cxi sting ones, p los service attributes, rate atractores, 	local pickup Poasabl estoteor 

between rail' coordination 
- and dos: very systems, and other fact nra influeecin g the creamios and oper ation of a local ow rershi p 

and roads, ant or carriers, spat em of iste nmodal 	facilities. 	Froj Oct planning resp. of RR mgm. 	coordinating with a leasebaci of 
federal/ regions. and local planning agencies. 	General thrusm, direction shou ad probably be facility to IRs. 

industry and tins 
state/railroad investment in at by 	federal 	gov' t. 

new or improved internodal 
facilities. 

Take local trucking off city Virtually none. Subsidiary to question of F ortiom of sta tewi do highway systems planning. 	lao physical, traffic, and resource alloca- State DOls 	(poas' 
poor Ground Access to 

improve streets to 	covirom- federal/state/railroad in- t ion components. 	in past, 	largely ignored due to lack of coordi nataoa between IRs and ably local goV ' ts) 
Freight Yards for 

ventmelt inintereodal state lasTs and the relatively low vol anon of truck traffic. 	Potential nov'th avolveneat State DO'I resp. 
I Services mont; improve operating 

facilities. 	Relatively arises from service promo tine and esi cc to reduce truck' induced impacts on local street for project plan- 
efficiency; red ace costs, 

OaTs 	 with IRs and local aatoresto sing, denagn, 1cM, 
clergy consumption thru 
federal/state iaveacament 

easy to implement. 	Pro- 
vides tangible evidence 

systems. 	Lead most be taken by state 	coordinating 	 . 
Applicable only to major TOFC/COFC facilities, 'ISP involves pro paring forecasts of acquisition, and 

in improving highway of state LooT interest in TGl,C!CDFC traffic, determining local origins and dent 'nations, estimating assoca aced coastruetnol, 

connections between yard and promotion of intermodmi' truck volumes on different porcioas of local and state highway systems, 	determining Federa 1/state 

tea. and expreamway nys iso. present 	levels of service, aid eamimati a g service improvements from re noviig yard or financing; possible 

termana: 	related traffic from !isk.sesporioaci a gaevero congestion (and associate denvar' local share. 

ormoenma: 	impacts). 	Pro duct coold recomoend access road construction (connecting yard/ 
ter,,i;aa: with urban cap rosswmy sya ten or possibly special aruck highways between major 
yards aid tenminals) . 	Should not be judged solely in eompariaoawith other highway pro- 
jects and existing plans 	(may not adeqa andy reco glue need) 

deferre dmain- Seven 	ci ther states Increasingly important. Partial :y dependent upon multi 'stat e rail systems planning. 	Has physical. 0 perati oeal , RR met. 	Where 
Condition of Roadbed, iii miaate 

teneec e, 	snfety, or operate rail' own oepends upon the role policy and fi mancial components. 	In past, 	resp. of RR mgt. with little or no state or states are pro- 
Track Structure on improve 

or have caps tan roads that the federal gov't federal imvolvement. 	Potential gov't involvenant sri sea from inabolity of some rail- vl.ding capita) 
Main Lines, operating efficiency, 

carrierviability thrx, funds avai imble for plays in eneour aging state roads Is adequately mainnain trunk mutes. 	Lead must be taken by USOOT in clone coor- funding, prcj edt 

federal/state investment ..in line reiabili' investment in main line dieatior with RR agc. 	Role of the states depends toalarge degree upon emerging policy programmIng should 

tation. facilities and whether such of fedenal govt. 	Unilateral state ISP and resulting investment in rehainli cannon and/or be done joantly 
in assisting railroads 

are ultimately programs upgrading of major monk routes is possible and as heang done seam least one state. 	TSP RRs carry out 
rehabilitate and upgrade 

implemented thru states (as involves determining present condition, needs, costs, benefits, and priorities for rehabi I- rehab projects on 
track (tie replacenena, 

etc.). rail renewal, opposed to the present i nation. 	Proj not planning  resp. of an mgt. coordinating with state and local agencies. a force- accOont 

Preservscion of the pattern of direct investment General thrust, direction shoold be set by federal cov't. basis, 

strongest possible by federal gov't). 
systea of trunk routes. 

deferred eliminate 	 maim- Linited to several Unciaately will become a Pal lawi thin state TSP. 	Has physical, policy, and fcnan dm1 components. 	State rail plan OS ngt . 	Where 
a, 	Condition of Isoadhed, 

tenance, 	improve safety, states. 	Recnivim g matioswi do conic rs. 	Sec ant requi rm,aent in RRS Act oeceasi ta ten state level planning for branch line, not included in states are pro- 
Track Structure on 

high 	entioni n att federal legislation has the tonlosi I aystea. 	State rail planning required in nor theast/aidwest states, optional vading capital 
Light-Density Lines, operating efficiency, 

.Its of estesded see Act rail service elsewie cc, 	Applies only to unprofitable lames oporated by bankrupts in reorganacataoe funding, proj ect 
line viability either 
chru federal/state invest- 

5mortheast, 
middle west. continua tion subsidy pro' under the act. 	All other branch lines renaio the resp. of en mgt. with little or no state progrmmaanng should 

meet in rehabilitating visions to ment-bunkre,it  or federal involvement. 	Contents of state rms1 phI specified in Pan's ''Proeed ares and be done jjintiy 

crack or thru operating eRa and states oocside of Requirements aegarding Applications for and Disbursement of Rail Service Continuacaon ens cmrry out 

subsidies to ensure con- northeast/midwest. 	Ocher- Assis cameo ," 	TSP involves determining (1) 	the speci fic services which should be continued proj ecta in a force 

tinoedservice, including wise liaited state inn nave- as a fuection of goals and sup porting criteria, (2) the order or funding priority, and account basis, 

mont. (3) the mmaount and form of financial assistance required. 	Product isareport (pta) 	to Where states are 
necessary maintenance, 

be submitted to and approved by the FRA adai nistrator, 	Proj ect planning and implementation providing opec- 

remains the reapnmsibilaty of Re mgt. a ting subsnd,es, 
maint enanze remains 
reap. of RR ngt. 

ID, 	Preieht Car Supply, Reduce/olimina terecor- Varies. 	List Ic or no asticipate a growing interest Federal rasp onsibila dy 	but dependent upon state inputs. 	
Stares have a promotional role; Trmdit:onalresp. 	of 

Condition ring freight car short' interest in car supply particularly if freight car must develop knowledge and understanding of car siepp If problema, causes, Potential solutlonsa state pub bc service 

in lens in c and ad- shortages persia monitor car availability and condition onmcontiacoin g basis, 	Can supply effacta level should conanissnoas . 	State 
ages, cars 	poor con' proh 	east, 

States any elect to develop snrvn cc standards as a part of state oat s can ni goifi' 
dition, 	etc. 	throste pped- Western 	tates far versely affect a state's 

its 
and quality of service. 

develop 	 to spot chock or monitor the actual service provided by RR5 (the latter cantl y aid regulatory 
a p  car re placement pro- earn concerned with car ability to transport TSP, 	progrm,as 

is de ficnem t, states 'iou ad seek corrective action by a gemcy ideiaastr attic 
grams by carriers (stim- supply for movement fare products to markets thru state Pucs or PSc5) . 	If service 
uimced by cmx cmedits, of farm produce (grain, orinleibi t development the ICC to mere ase car s uppiy. ncnaon'. by technical 

per die echarge than ges, vegetables, 	etc.) of new energy sources, studies, shipper 

etc.) 
surveys, periodic 
moaitorimg of car 
supply problema (if 
not dope by stare 
regulatory mgeacy) 

11, 	Eseess Physical Plant, Recycle redundant, under- Virtually none outside Once state/loss agree on what Fm! )swi thin state TSP, 	Has al,scsical , policy, and fi msmciml components. 	in past, 	respoasi' Shared resp. in' 

Land utilized for 	sail util lied land into more RRindustry (mole coastitu t es eaoesn physical hihity of railroad nmaagement with little or no state or federal alma Ivenent . 	lead can he tween OR agt. and 

prod active urban use source of scmrce capi' plant, states will becoao taken by states in cooperation with railroads and local planning agencies. 	to p involves a local 	.eov't. 

thro f,gci lity consolida' tai) . 	Limited recog' interested in the orderly opermtio'Ialanm 1 ysin of present facilities, estimati on of their future atilication, and timtivtshou Id cone 

tion/moderni aatioo by mition of what consti' disposal or land banking i dentifi;mtiom of cmpital investments and operating changes necessary to permit pbasin g out 'a from level gov 

rail leads and land re- tuteseacess physical of land not required for of under'jtilise d facilities. 	Identification of eacess 	facilities usam II y stral ghtfnrward'. 

development by local plant and posni bili- rail transportation purposes. ian lemontation of change must rec ogalize railroad desire to obtmnn fair profits from land 

planning and urban re- ties for coma olidation re's ource nlus raising capital to shift or consol,dmte facilities elsewhere. 	Joint finane- 

ocean agencies. of yards and tered.emla. ing between railroads and state and local governments possible, but rarely done. 



Significant Attention or State Involvement 
Pot enti at Planning 	 - - 	 Potential Role of Statewide 	 Inplenentation 

Issue/Problem Objective(s) Present Perceived Future Transportation Systems Planning (TSP) 	 Responsibility 

12, 	Tnreinntaon of Service Arrange for the contin- High degree of atter-  Increasing 0 ophiotication Pal lswi thin state TSP. 	Has policy, 	econoein, service, and financial components. 	State 	Shared resp. between 
aation of service on non- ci on in northeast and and standardization of rail p lanni n 	required in northeast/nidwest states, optional elsewhere, 	ape Att mandates 	i'S rpt. 	and state 
viable Ilten where the parts of niddle west. nnalytirae procedures, detailed state-level plannint for branch lines not included in the Canleail systen , 	if states 	DOTS, 	State tOTs 
local econoey would be developing capabiliny Capahala ty developed desire to parc it i pane in rail services canti nuation subsidy pro gram. 	Applies only to an- 	must take lead in 
adverse I y affected thru to prepare quanta tati ye instates outside of north- profitable lines operating by hanhnxp t cnrri ers inreorpaniza tion under the Act. 	All 	 developing possi hi a 
use of federal/state anal yses of am pacts east, midwest. 	Improved other branch 	ci .nes rena'n the rcspoev ;' !silitc of rh 	lroo.i 	nna peeon  twi with corns I 	fvderal 	 so lueia'ss, 	:sciotiaiing 
sobsadies or negotiated of branch Ii neaban- decision-caking. regalaeor y involveties t . 	Ocr tsnts of sri ta rail plus vveclfied 	in Fr 	'3 	Prnced 'Ire S aed 	 totes 5005:5 55 rvgt 
solutaosa between gavers- donntent and seeiu!rsrnnts Pagurdln0 iapi icon ions 	fsr l511 b,,rverer. 1 	of Pail 	Sc-in tonti ruatae s 	 local 	l.a-en  ,se.rntr - 
mont, shippers, 	labor, ssistante ," 	rrt 	iflecinos detcrcasint 	(i) 	the aeciei 	servnrcs :rl,ic's 	stain,) hr cortan,,ed 	.oisipiaor3 
and affected railroads. as 	a 	fsr:Oit-n 	s 	pool vsnisuppert1rgcrir.eria, 	(3.) 	the er/es 	of 	fur;diegni orit,e. 	and 	(3) 
Where service is not re- cbs aesunt and 	orn. ov fi .-.anc,a I 	nssistsecerc qli red. 	Pcoduclii:arepor t 	r p1 Sc) 	to be 
qaired, to provade for ss,hse.i tie d 	to and aisproted 	Sn, 	tln 	IRA Adni misersee:r 	for 	tires 	faitingi:nierlttncc - 	also 
alternate coon carrier aplas,ie-csi hi ng tan service, 	set i cipsced oatronap.s and costn - 	expected 	fstare - 	and ten- 
or private service, if di tioas underlying state support for continuation of service an other light density rail 
necessary • and the orderly lines within state. 	the Ian ter should inclu do criteria for branch line ret ention and sub- 
withdrawslofrallservice. sidation or cost sharing, 	service standards, track naintensncestnadardw, 	etc. 	to plain 

retnnti on/terssinati on decision on an nbiective banns. 	Planning for lighe-density lines not 
included in the a hnve would normally follow the sine techical pattern (or some 	lessor 
version thereof). 

15 	Dispossl of eight-of- Preserve SR ROWs no longer A sssnber of states have Costanuan ' perhaps increas-  Falls within State TSP. 	!l as 	 nsol icy, and financial 	components. 	Is most, 	resp. of 	Sharea ress. between physical, 
way of Abandoned required for railroad pur- legislation granting ing. acquisltlon ° 	ROWs Se mgn . 	with little or no sta to or federal 	invslvenen t . 	Lead 	should be taken by state flflTs 	Pe sgt . and state 
iaght-oens nty Lanes poses for other trsulspor- CTs the right of first for transportstasn e  uti l to insure the erder ly disposition of cc 'Soils as longer needed for ni trans ptrtat ion par- 	tOT. 	istter 

tation or for recre anion-refusal in Se disposml in for recreational purposes. ooses. 	TSP would involve first deterni ning whether the Ff50 was required for transpor- 	 coordinates with 
ally-oriented purposes. of excess ROW. 	Some Acqunsation potentially tat ion purposes and, 	if not, cooperatively ,!eternin ing (with the state utility cosnnissi on 	other state agencies 

tOTs can purchase SR canstnain ed by densnds on and parks and recreation agency) 	its use for uti I it,  or recreational purposes. 	Objective 	if POl'i is not needed 
elis for highway capital funds - would be no 	(1) deter.sine its potential and 	(2) 	identify the ysv 't agencies, 	if any, which 	for transportstion 
purposes. may want and hlvethe funds to acqusre the property. 	work coy involve snal locale planning. 	purposes. 

- studies to develop a prospectus or proposal for budget approvan or federal funding, 
application purposes. 

II. 	ievel/Quallty of To insure the provision Little or no interest Mlticipstnagrowlnginterest Pails within state TSP. 	Has policy, regulatory, sserstional coinpanents . 	In past, 	respsnsi- 	State DOTs workieg 
Service of frequent, convenaent an 	Ievei/qsainty of particularly if rail at"  acs- bilicyof railroad eanogenent with little or no state or federal 	involvement. 	P.sle of states 	closely with federal 

reliable services, both service prohlems tnon continues to decline de penis to a large degree upon emerging policy of the federal gonerent. 	ilust be worked 	gOv ' c - 	state regulatory 
local and Inne haul. 	To (dcc Pt perhaps by or if state economic develop- Out in coordinated fashion with 	railroad sanagerent ar.d labor, 	federal and state govern- 	a eenci es . 	Latter 
Increase the uniliza taon state pub lacservare sent is hnredered by POOL sent. 	Ta P involves denernining presenn service levels - deteresi sing industry reqi.i resents 	resp. 	forcorrectav 
of rail service by nan- cosasassnons) . quaaii y rail service. for rail service, estahl i shin gaset of gui del ines or service standards ama line- by-line 	actions. 
pro vise service a ttrn- basis, and working with railroad eanag ement and industry  to ar hi eve standards via a 
bunco. 

nooitoring p-ropras. 	Initially will apply to light-density lines si.pported is part by 
federal subvidies 	ultimately may be extended to other parts of the state rail systen. 

IS. 	Oevelopimg, Testing, Prunoterail usage thru Virtually 000e. Incressiuglyieportamc. Chile primarily the resp. of Re mgt., there is appreciable room for state initia- 	son mgt. 	State D2Ts 
Marketing New Scrvices developing, demonstrating Depends upon whether the tive (and federal), provided that states are willing to isvest mdc lionmtratioo- 	should active my promote 
to Pronote gail usage and narketing new, inns- federal gov' t encourages type projects. 	Depends upon the acceptance of an advocacy 	.IS for state govern- 	and support innovation, 

native services. 	Improve state prono tional activity nest and s willingness to support the testing and denoostration of new concepts 	both directly and thrna 
carrier visbili ty thru (compared with assuming in comcertwith 55 mgi. and labor. 	TSP may involve identi fying potential projects, 	entounaging federal 
increased traffic, achieve full responsibility for preparing prospectus, securing funding, inspleeenting the proj Oct. determining 	 activity. 	Sea need 
greater energy efficiency, this,) results, and if success fun, instituting long-tent changes. 	Appreciable oppor- 	 to heap tOTs apprised 
etc. tunic ymay esist in teatia g different 	service concepts on light-density lines, 	of such activity. 

States should assist SR agt. by understanding and endorsing the need for innova- 
tion. examining the results, and supporting resulting projects and programs which 
are in the overall pablic interest. 

lb. 	gates 	(inequitable, Promotes restructuring of eircualay none, Increasingly icportamt. Basically, resp. of federal gov't, rather than states. 	States do have alegiti- 	Pederal and state regu- 
nconsi scent, 	inflea. rates and 	that regulatory apart from efforts by States will hecone increas- mace cooce an, in achieving an econonical If sound private railroad industry maximi sing 	latory a geacies working 
ib le to changing traffic, controls to allow carriers state public service ingly ins olved in promoting its market ahare is freer competition with other 'modes. 	States have a direct 	 with e.g lngt - 	State 
nos-conpenss tory, reve- the largest possibl ecom-consinissi ons to hold rate and service changes interest in rates • divisions - surchargea • etc. as they apply to both mann lane 	 BUT, should work closely 
nue divisions between prcitive freed om to meet rates down - before federal regulatory and night- densi t yservice. 	States have apronotional role in encouragin g federal 	and cooperatively with 
rai lroids - etc.) the thai! esge of private bodies, as well as applying activity in restructuring rates and other regulatory controls. 	States have the 	fed end and state 

and umregulate dcarriers these concepts toionrista te opportunity to test out dereguistory princi pies on intrastate eovements • some 	 regulatory agencies - 
thrure lasation of certain ,a venents . of which represent substantial freight novements. 	Responsibility of regula- 
speci fic race and service tory a gencies rather than state roTs - although cl ose coordina tion is desi cable, 
restrictions. 

17. 	Tsaatnom of Soadhed, Relieve the burden placed Possibly a half increasingly important, Depends upon federal policy and state legisletion to eliniaate taxation of rail' 	Within state gov'c, 
Pacalnties , onrailroado - but not the docen states have States will become increas- road properties at rates or on bases other than those that apply to industrial 	 generally legislative 

other modes, by alleviating enacted some fore of ingay involve d is eli neinating property or to conpe ting modes. 	Basic policy, direction • 	leadershm p.  most cone 	cononictees, 	gov. office, 
local taxation of railroad tax relic f. 	Suprene the grosser inequities in- from the federal gov' t . 	Obj ertive in to en tablish uniform policies/principles 	 budget personnel. 	State 
property and other forms Court has ruled that volvi ng taxation of railroad usderSyimg taxation of rail property. 	States would normally implement tax relief 	lOts can assist via 
of taxation appi ied at the only states can pno- property. or phase out progrnms through legis nation of their own, 	'NP might include 	 imp act studies, 

- state 	level. vide relic f, estimates of the anolea t end iapsct of present taxation policies upon th erailroad 
industry in that state. 

IS. 	Inabili ey to Raise SI i menace deferred nain- virtue any none. Anticipate a growing Best uoderta ken cooperatively between 55 met. - federal and state gov'ts - 	States 	S hared ron possibility 
necessary Capital for tenance, 	improve safety. (eacept Pennsylvania, interest i a eassringade- do have a legitinate concern that required capital is raised and investments are 	ce ogt. with federal/ 
New lnvestnrn e . Sehab operating, ffi ciency, Iowa, 	Illinois, quate financing of necessary made equitably among the states. 	'NP may coons der new funding mechanisms such as 	state gov • ts 

carrier viability thru Vermont) rail p lant rehahi Ii tation state inves tnaent, cooperative arrangements between SR ,ngt - and government, the use 
sapporcang private invest- reqairemests - 	Little mit- of loan guarantees and the use of surcherges, trust funds • etc. for direr trevenues 
most ,n rehabilitating and iative likely at state level, or for capital i nation purposes. 	Also included within state 'N P is easing existing 
lip grading track and 	than however • without federal legal constrain tn which would prevent state gov' t capital investment in privatesy 
fac'ilitiesvaa low interest gov'tinvolvenent. owned and operated facilities. 
loans, 	loan guarantees, 
grants. etc. 



TABLE A-i (Continued) 

Potential 
as, 	 Objective(s) —.a 

Significaqt Attention or 

Present 

State Involvement 

Perceived Future 
Potential Role of Statewide 

Transportation Systens Planning (TSP) 

Implementation 
Responsibility 

Direct resp. of federal gov't, although of great interest to states. 	Control over us agc. 
19. 	Merger of Competing or Improve carrier viability Yes, when merger - pace 	 interest Antic'a growing 

detailed anal in performing 	 y- management and financial arrangements res p. of federal regulatory agencies. 	Issue 
CoeQlementat'y Rail- proposals are made, 

- sea of potential effects dces not fit well ci thin usual framework for state 'ISP; tends to be a non-recurring 
roads - impacts of merger and 	 pro- phenomena having unique characteristics. 	Hence mergers inevitably necessitate 

as a backup to teati- posals special studies which can utilize products from a 'ISP program as a basis for 

officials, tony of state determining resulting impacts upon the state and whet her such a nerger ftts wi thin 
on contributes to the goals and objectives established by ISP. 

interest Pal lswi thin state TSP. 	Has pollcy, economic, service, regulatory and fim ancim 1 II met., working 
20, 	Substituting Railroad Improve carrier viability. Virtually none. Anticipate a growing 

components 	In past, not possihle to achieve on account of legal constraints, closely with state 
Metor Csrrior Pick-up/ ahi licy to respond to in positi vesongle-carrier - 

TSP involves ins lycing the economics of potential railroad-provided motor carrier WTs and users of 
Delivery Service- TOPC! changing aarkets • abandon- solutions to service con- 

detemni 	and where such substitution coo Id be profitably under- service to 	newhen rail service. 
COP C in lieu of Light- ment of light density lines tinuacion in the event of 

represents a viable alteniative to out- tsken, and whether this course of action 
Service, while providing present oserl light-density line abandon- 

Density Rail 
wit h continued railroad-pro- nents . light-density right abandonment or subsi dation, 	Pro duct would indicate which 

lines, if any, night be best operated ooder service substitution arrangements. 
side d service, 

Some, 	 in'Hoderat especially e iscr ease especially P11 lswi thin state ISP, evee though NRPA as a federal requirement (a few states do have 	RI mgt. working 

21. 	gnvironaen tal Impact of Protect and enhance the 
light in coaparison with other state equivalents of dPi) - 	Has direct policy and investment implications'. indirect cbs ely with 

Railroad Pacilities physical environment, as- relation to 
Environments 1 impact modes. alperts through envirosten ta 1 assessnents of propose d investment programs or economic/ state s,vironnental 

pecialay air quality, density lines, Find- 
railroads by themselves of regulatory policies, particularly in terms of impacts upon air quality, orb an noise, protection agency. 

noise, and water. ings generally show 
is not an issue at a state ci ter quality, and other potential changes to the physical envn ronment . 	product may low levels of impact. 
level, be an cmvi' rovonental impact statement or simpl y an enaironmental report or assessment 

atconpanyingastate plan. 	Federal agencies rosp. for preparingenvi. roisnental impact 
statement for programs initiated at that level, 

Falls within state TSP, particularly incontributing to state economic goals relating State LisTs working 

Socio-Icononic Impscc Protect and enhance the Some, especially in Costimu ed attention to en- tz employsneot and income growth. 	TSP may involve preparing before/after economic with local go v' ta 

of Railroad Facilities quality of the human relation to light- ploymsent and persotal income assessments of proposed investment programs or regulatory policies, particularly with 
environment, especially density lines. 	Great effects of rail 	line abandon- respect to continued operation of esisting industries and at traction of new eonnnerce. 
the local economy. concern over employ- meet, Pie duct may be a separate assesstseo t of the economic effects of cmpinnestin g  a state 

sent losses from rail rail plan or this may be included with clvi' ronsental impact assessments. 	Appreciable 
line abandonment. attention has been given to the economic effects of local rail service termination, 

Fo 1 lswi thin state TSP, although heavily dependeng upon federal govenssent policy. Federal gov t, with 

Energy Consumption Reduce the amount of Some especially in cecreasingly isportanc . 	oe' Also has operational and regulatory components. 	usi lateral state actnon for energy state WTioputs 

clergy used for trans- relation to light- pends to a large ci test on casservati On reasons is possible but unlikely unta I general thrust, direction is set 
portation purposes, density lines. 	Find- the emphasis plan ed by fed- 

by federal goverssent. 	TSP involves deter,ai ning energy consmtptios on a system basis 
increase efficient y. ingst aed-general by eras governeemt in promoting atd then detecimining the effects of different policy or regulatory alternatives on 

show low levels of energy efficient me de util- 
m-ergy colsump tion and existing trans portati on services. 	Usually anvo lvesntenodal 

impact. icanioe, 	energy consumption 
ccsapsri sons. 	Pro duct could be consusiptios estimates related to present or future of railroads by themselves tinve I patterns andhypothesized policies or restrictions, which may be included 

not an issues t the state- 
it a plan doc,ssemt, 	Potentially one of the most iortent areas for state DUT wide level. 
irvolvement, 

from Some 	are in- states increasing attention. lump. of states as well as federal govt. 	Iesp. may be assigned to state public Shared res p0 nsihsll ty 
Safety (derailments, Protect the public 

from dbed, volvedieroa service cosstiasion or OUT, depending upon Imeis latioe forming WT. 	Primarily a regu- between federal gov' t. 
hazardous materials, accidents stestmi eg 

locomotive, and letory problem, rather than state TSP. 	Safety standards, regulations for track, loco- states, and railroads. 
etc.) -roadbed or equipsenc 

freight car isspec- ectivms 	and freight cars have been set by federal gov't; efforts at state level failure or condition. 
tAos programs through 

, 
primarily inspection and enforcement. 	Hazard ous sateri a's transport reap. of federal 

public service com- 
missions. 

Increase emphasis On On-going programs to C ontinu at ion of present Pal lswi thin state TSP, portion of statewide highway sys tens planning. 	Has physical, State ml's working 
Safety at Railroad- 

better and more wide- grade-separate high attention and involvement, accident traffic and resource all ocntion cornponenta. 	Lead ecest be taken by state with RIO  Mn., 	local 
Highway Grade 

at spread protection volume crossings. Possible changes infunding tCTs, coordinating with Rem and local interests. 	TSP involves preparing traffic comsrssntties - 
Crossings - rail-highway grade upgrade protection arrangements between federal/ estinates, compiling accident records, identifying potential projects, estimating 

crossings, particularly devices at other state governments and ccsts. oh tainin g funding, setting priorities for projects on a program basis, 

the more heavily used crossings. railroads. Pieductis an active program for improving the protection offered motorists at 

trun iroutee where gmade crossings on a systematic basis. 	Well established program in most states, 

train speeds are high. 



TABLE A-2 

ROLE OF STATEWIDE TRANSPORTATION SYSTEMS PLANNING—MOTOR CARRIERS 
Significant Attention or State Involvement 

Potential 
Issue/Problem 

Planning 
Objective(s) Present Perceived Future 

Potential Role of Statewide 
Transportation Svotens Planning (TSP 

I 	lementac'on 
Rponsnbs I ity 

Inadequate Supply of 
Highway Facilities 

Reduce transport time and 
cost from circui'tous r.at- 
rugs, 	gross weight limits, 
etc. 	than bridge replace. 
nemt, pavemenu strengthen- 
xng, and interstate systen 
completion. 

Aooajor upgrading of 
state primary routes, 
lesser upgrading of 
secondary routes 	more 
I lnited upgrading of 
highways under local 
jurisdiction 	(md 	. 
farm-to-market-roads) 
has taken p lace in 
recent years, 

Emphasis changin I away from capita' 
intensive invnotsients (new high- 
ways, retomotructioe)to safety 
inprovementa, bridge rehabil- 
macion or rep laceten c and high' 
way rehabilitation and preserv. 
ation. 

Portoomo f 51 anewide highway systems pianeing. 	Has physical, condition 	traffic, and re- 
source allots tionconvponenns. 	In past, 	latgle specific planning consideration has been 
gnven to the needs of motor carriers separage from person movement via autonobile, except 
where truck traffic seriously affected roadway capacity or operagimg conditions. 	Pavement strength, 	tsin'ng radio, and gradIent effects of heavy trucks have long been recognized amd 
smcluded in 	ighway designs - 	Poteeta al gov' t involvement arises from desire to reduce track- 
isduced impacts osstate and local 	systems. 	- Lead aust be taken by state 001's coordi nag i ng 
with motor carriers and local gaa'ts . 	TSP might naclude designation of in terci I y truck 
routes, perxcdmc review of the meed for cli thing lames, design at ion of truck lanes on heavily 
unxiszedurban arterials, 	ident.fication of structures having load weight limits mecessi. 
ta tug circuit ous routisgs for eupedi ted reconst n,ct ion, etc. 

State Dots working 
closely with local 
gov'ts, 	trucking 
associations. 

Highways in Poor 
Physical Condition 

undertake necessaryr ehab. 
ilitation to eliminate dc-states, 
ferred maintenance, 	safety 
deficiencies, 

See above. 	In many 
upgrading has 

cumin ate d seasonal 
load restrictions and 

See above, Varies from state-to- 
state. 	In some states, may require 
increase in taps' ta I resources 
allocated to naintnnamte and 

Highway maistcnsnce responsibi 1 :ty of state and local goeersmencs. 	Not generally conside red 
part of TSP, except perhaps for imsentorylng conditions and assigning priorities associsned 
with facolo ey rehabilitation. 

State 	lOTs 

lessened annual main- rehabilitation. 
tenance needs. 

3, 	Traffic Congestion 
(particularly in 
urban areas) 

Reduce congestion to re- 
duce time and cont of 
truck pscttip and delivers, 
o petitions, 	pmrtncularls 
in large urban areas chru 
government investment and 
other programs to improve 
the efficiency of urban 

Coestruction of urban 
expressways and arter- 

in Is, TOPRC Simprosc-mosementsinlatget. 
meats to existing 
arterials, 	traffic 
engineering improve- 
ments, 

continuation of past programs.
Increased study of urban goods 

most con- 
gested urbans. 	Proj ects demon- 
strating feasibility of route 
and ceoraI consolidation of 
pickup and delivery operations. 

Fal lswi thin state TSP for facilities in rural areas, 	part of the join t state-local uTP process 	unimetropol stan areas ho'ving central 	ci ty populations greater than 50,0l50. 	Has physcai, policy, 	traffic and resource shod at ion ,components. 	In past, 	truck  congestion considered 	unjirectly. 	Rising interest 	in CObS, 	lxmi ted practical 	applications to date. 
Issue largely confined to dos cf largest, densest urban areas. 	Potential solo cions vary 
from capital 	Lntensive 	(flew armnrials , 	off-street 	loading, 	etc.) 	to management and 	imstm't- stoosa I 	aoiaOtons, 	No direct 	ste o Isemeil t other than financial 	cmvi missed for state TSP. 

State Dots and local 
gos its isplememti ng 
recovmvendatioms from 
lOP proces 

goods movement (uGH). 

4. Temporal gestriccions 
on Highway usage 

Some, generally than 	Gradually increasing resorictions 	Part of the uTP process. Has policy, traffic, economic conponemtv. Co. be cossidered m 	Stage RIOTs and/or local state regulatory 	on truck travel during particular 	part of UGH. Issue largely confined to specific facilities experiencing high coegcstion, 	goa'cs (depends upon a gency imposed restrxt- hours or the weekday in urban 	Spnllover effects on local arterials and resulmimg impacts must also be considered, icoson- 	who has operating and tioss on intercity 	areas, generally related to 	 to effects of temporal restrict inns on motor carrier ondoatry part of state TSP, also n,od at 	main c enance reaponsi b. traveO, 	 specific areas, routes, or fac- 	diversionary effects of such re, lamionv, 	
iliny for particular ilinies, 	
facility.) 

S. Regsalauionm Per-
among to Maximum 

Permitted Vehicle 
Weights and Dimen. 
sicsna 

Terminal Relocation, 
consolidation 

Cargo Security 

Reduce truck usage of sel-
ected highways during rush 
hours (urban arterimas 
esprnmsways) or during 
peak periods of weekend/ 
vacation travel to reduce 

improve oper-
ating conditions. 

Increase the efficiency 
of motor carriage while 
preventing overloading of 
pavemests, adverse safety 
impacts on other vehicles 
uniformit yamone states 
to reduce transport costs 
to motor carriers. 

Promotg improved trans-
part efficiency, lessen 

intramoda 1 and intermodal 
transfer costs, enhance 
carrier viability through 
greater terminal  effic-
iency. lower costs for 
users, energy efficiency, 
thru fgdnral/anate/iocall 
motor carrier investment 
in relocating/comsolid. 
ating terminal facilities. 

Reduce the incidence of 
cargo theft and thereby 
reduce transport costs 
touanr, 

Reaction to industry- 	continsaacion of past. 
promote d changes to 
nanimum permitted veh-
icle weights and dimen-
sions, Issue arises 
periodically in differ-
ent states. 

Virtually nose. (Some 	Ultimately important. Depends 
at federal and local 	upon the role the federal gov't 
level) 	 ultimately plays in promoting 

greater terminal efficiency and 
whet her such programs are imple- .on  

ted in part thru statn DOTs. 

Some at the local 	Iecrnasi n g interest from law en- 
level in large metro- 	forcemest officials, insurance 
politan areas. 	 companies, motor carriers. 

Partially dependemtupon multi-state or national legislation pertaining tomaainumvehicho 	State ROTs working 
weights or dimesis,ons, Has poli:y, physical, maintenance, and operational components to 	with legislatiae states, economic and efficiency sspec n 5 to carriers. Lead can he taken by state Riots in 	comavittees 
quantitatively assessing the impact that increased weights or di tensions would have upon 
traffic flow, safety, and maintenance costs of state and local systems and economic benefits 
accruing to motor carriers and ua ers as a result of no re efficient and economical trucking 
operations, 10cm aasessmeets wosld tend to be special psrpose acidic5' reactimg to entorna 
initiatives. Where the issue is con farmig y with neighboring states, such studies fall 
within state ISP; otherwise, it mends to be multi-state or national in scope. The federal 
govt should take the lead in the latter case, 

Pal Ia winhin state TSP in close coordination with transporcaciom planning in metropolitas 	Motor carriers working 
areas. Ham plsicsl, operatiosa,, economic, energy consumption, and financial compomemts, 	closely with local 
In paso, reap. of motor carrier ngt. with no govt involvement other than for building 	 gov'cs. In some ciscs, 
permits, land use compatibility, etc. Potential goen involvememc arises from (I) desire to 	state/local financial 
achieve gteacma' md ustry eff,cie.c y particularly on local pickup/delivery operations • (2) con- assi stance may be 

on city streets from truck 5 traveling to/from poorly located terminals, and (3) land 	required to acquir cl 
use conflicts and a dverse impacts upon the environment from trucking activities. TSP moo lees construct terminals 
preparing freight forecasts - corridor flows, modal spa it, network simulation, terminal requl re-and consolidate oper- 
ments/costs. Pro duct wou Id odemni fy those terminals which lend to relocation/consolidation , 	.ations (with regula- 
Project planning reap. of local cfficials working directly with motor carrier mgc. General 	tory agency approval,) 
thrust, direction should be Sen by state or federal gov t, 

Falls outside of state TSP alnhoigh the economic inpact of cargo securiny programs in 	 local gov'ts. reducing loss and damage claims iso f interest with respect to rates. 



TABLE A-2 (Continued) 

Significant Attention or State Involvement 

Potential Planning Potential Role of Statewide leplenelstatioTa 

lssue/ Problem Oh] ecti Ce(s) Present Perceived Future Transportation Systems Planning (TSP) sesporsabiaity 

8. 	A000aTlt of Inrraeodal Achieve more econonaca I RegulaR oryageiscycon- Continuations P past. Presentl, the responaibili ny  of federal and state regulatory agencies. IThi Ia not done on ac000n t Pedaraland state 
motor carrier transport trol over var let entry of the 	Feature iostigugiona I fr anewor it for decision nakin g,  state TSP could provide disinterested 	regt 1st ory agencies. 
sarvac en by increasoog for oon- 1 oral cartage. technical analysen of the economic effects of ihtreas ed competition onncsrridor or area basis, State DOTs have a 
or lamatang cornp atstaan. Virtually nate by state Such studies would involve preparing forecasts, istinating the division of traffic amoog the support and/or pro- 

DOTs. carriers and renaltisl costs, 	effects on rates, crass-subsidies, estimates of net operating national role. 
ncone aid other eeasures to quantitatively judge whether increas ad or decreased coaipetitioo 

would be in the pablic interest. 	Product would be individual assessments of the economic effects 
of increasing or liniting compntitian in selected areas or 

a. 	segu Iatoe y  Moderail - Promote a restructuring V let Call ynone. Increasingly important. 	State Shared rasp, between federal and state gas' t . 	loch levels of got t have identical objective of Federal and state 

at ion of rates and other toga- DOTs will become increaais gly achieving an economi call ysound con0000 carrier motor transport industry-- one able to compete regtlatoryagencies. 

latory controls to allow involved in promoting rate and freely with rail as well as private and contract trucking. 	States have a promotional role inan- State DOTs have a 

carriers the largest service changes before federal couragirag federal activity in undertaking regulatory oodersioatioa for interstate conanerce - in- support and/or 

possIble competitive asd state regulatory bodies, cluding such possibilities as rate somplificatimo. deregulation, freer market entry, increased promotional 	role. 

freedoa to toot the cha I - size or olimination of coaeverciaa roles, one-way haul restriction, eatendim g  cegulation either 

lange of private and ae- in part or in fall to cover oxenp t carriers, etc. TSP can auppart bath state promotional efforts 

regula ted carriers than ftheocon- with the federal gov ' t and in trastate regulatory changes through technical analyses of the a—.- 
relaaati on of certain relaxati ode off_rts of specific rate and service restriction changes. States have the opportunity to 

and service specific rate imp leneo'_ rate and service restriction changes on intras tateshipmaota; 	the latter being the re- 

sp onsihiti ty of regulatory agencies rat her than state DOTs 	(close coordination between the two restrictions 
agencies 	is desirable. 

lii. 	Indirect 	Subsidatios El inmate indirect govern- Periodic 	issue. Continuation of present Basic all 	, reap, 	of federal gsa 't, 	rather than states - Has policy, economic, financial, 	and State DOTs working 

of Motor Carriers teat subs i dies of motor Stmdaes to date pra- situation. Depends upon fed- des i gn cxnponants. 	In past, 	issue has been vi goroosly debated with conflicting evidence being will 	legislatovo 

carriers, 	if 	substantial, sontronflictingre- eral 	gav't efforts Oselaman- presented bytrade associations, government, and other groups. Cost impacon of heavy trucking ronmiattaos. 

- g brui nst i tutionof add-silts. Little work a teindirect 	subsidies. 	States an highway systems have been difficult to pis down. 	Renewed gov't ante Ivemont sri sos from 

itional user charges/tao- done by sna mesas not 	likely to act by thom- poneetiaF desire to eliminate all forms of indirect aabsod aratiam and am pport of one mode versus 

ati oa 	reis listi toll yre-reren t years seloos-ao major change fore- another. TSP can su pp ort state promotional efforts through technical anal yses of the cos. t of 

spondang to the heavy seen, heavy trichi 5 gapon state and local highway systems and the offsatn ing revenues received from 

rock portion of tons- motor carriers. State DOTs have the opportuni t ynat only to conduct detailed economic vtudies, 

tructi on/maintenance but to promote corrective legislation at the state losal, (loge coordination with state regu- 

colts. Intory aid taoo ti on agencies require d in undertaking above sto dies. 

II, 	Intoreodali sn Proente 	internadalism, tirtan Ily none. Increasingly amportoat. Do- eoat undertaken cooperatively onanulti-stato basis. 	Has operational, regulatory, policy, and Shared rasp. Honor 

greater use of rail 	for posds upon role federal gos't finlnriaLcoonents, 	in past, 	reap. of motor carrier ngt. with virtually no federal or state carrier mgt. with 

• Ii no ham I 	portion of p loyal n promoting inter- I nvoltem-at. 	P0 tootin a goa • t into Ivomont arises from desire to promote intornodal ism, rail federal, 	state 

mnseemomt by common and modslism and whether such usage on line haul portion of movements. Load most be taken by USOOT, with participation by gas 'ts, major 

private motor carriers, prograosaroimplcmcmtedin state slOts, motor carrier mgt., major skippers, and labor. TSP involves preparing freight shoppers, 	labor. 

labor efficienty, energy part thcu state DOTs, forecasts, corridor flow, 	service characteristics, modal split and highway network sinulation 

officicavy, 	etc. 	thru (heavy truck flows). 	Product would identify service attributes, rate structures, 	local pick- 

removing regulatory and op and dalivery systems, and other factors imvolsed in implementing intarmodalise on a major 

institutional 	harriers scale, Camera I thrust, direction should probably be sot by federal gov't. 

to TOPC/COPtsorvico, 

lx. 	tmsironneona I 	Imparn Pr stern and tnhaace the Appreciable attention Continued high interest Pal lswi thin state TSP, even though NIP Aisafedoral requirenent (a few states do have state State DOTs working 

of Innorcany motor quality of oha physical in connection  with the especially in comparason with equivalents of sipi). 	Has direct policy and investment inplicationa 	indirect aspects through will 	local 	gOt'ta 

Transport omairoemeot, 	especially planning and design of railroads. 	Pnvironmental assosome',tof alternatives involving other nodos. TSP may involve preparing before/after 

a ic 	quality, 	noise, 	and new highways, 	especial - impact of heavy trucks nends ostironmam tal assessments of peoposa d investoen t pro crams or economic/regulatory policies, 

water. Iyeapresswaysinurban to baa Iocaliaed issao which particularly in terms of impacts upon air quality, urban noise, water qualaty, and other 

areas, at 	tinosi is of intense impart- potentiolchanges to the physical environment. 	Product may be an environmental impact stato- 

anca, cantor, loplo an onsironnental report or assessneat accompanyingastate plan. Federal agencies 
rasp. 	for preparing osvironieent al 	impact statements for pro grams imitiat ad at than 	level, 

Is. 	Socio-Pc000mic 	lnpscr l'rsnccn and onhaste the Somo, 	especially in Conninuation of prauant. Pal Is within state TSP, particularly in contributing to state economic goals ralaning to omploy- State mOTs working 

of Interci ny Motor quality of the human rolation to now cc- lent and income growth, TSP may involve preparing before/sf tar economic assessments of proposgd with local 

Transport environeant, especially press ways. highway systems or regulatory policies pertaining to motor carraara, 

the local econo my. 

14, 	Inergy Comsamls t tom nedace the arnouno of tirta,s I ly none. io,creasongly inportant.lsepends 
Falls within state TSP, although hastily dependent upon federal got' t policy. Also has oporat- Federal gay 't with 

onorgyl g local 	4 regulatory 	np 	t 	U 	lot 	1 state 	ton for energy 	vt 	oe at! 	DOT 	Pt 
so 	p 	. p 	cs d 	' ph 	as placed 	federal a oral ?u possible but unlikely until general thrust, direction ins at by federal gnt't. TSP involves de- 
increase effocaency. an promoting energy effic,ent 

termising energy consumption anaaystoa basis ond then dotnrminimg the effects of di fforant 
mode ai a aDa ann, 	Energy toll policy or ragul atory alternatives on energy consumption, 	service,  and economic use of other 
sm ptnon by motor carreas resource- 	Usually involves intereodal comparisons. Product would be consumption ostinatesre- 
a potential issue at the state- latgd to present or fnturn travel patterns and hothgsizod policies or restrictions, which 
wide 	level, may boise ludad in a plan document. Potentially one of the most ieportant areas for state DOT 

intolveea_nt, 
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(b) a grouping of states directly working together and/or 
H delegating responsibility to a regional group (e.g., New 

4 England Regional Commission) 	to act in their behalf. 
State-level. 	Statewide problem; response normally by 

a 
state planning or transportation agency and/or public ser- 
vice or utilities commission, possibly with regional and local 
inputs. o Regional. 	Substate problem that affects a portion of a 
state; response can be by (a) state planning or transporta- 

a tion agency and/or public service or utilities commission, 

a 
and/or 	(b) 	regional planning or development agency, 
transportation authority, or the like. 

2 Localized. 	Substate problem local in scope and effect; 
2 	2 response by local planning or development agency, trans- 

portation authority, or the like. 	State planning or trans- 
2  1! portation agency may provide technical and planning as- 

sistance, coordinate preparation of plans and programs, 
2 2 establish criteria, etc. 

State Roles 

Each issue/problem has been classified into one or more 
- M a 

a 
- of the following groups 	Multiple roles are possible 	Of 

particular interest is the wide variability of roles observed 
= - with mode with kind and with level or scale of the prob- 

lem or issue. 	In defining a state role, this does not mean 
- : '.2 	a that states should immediately seek to become involved in 

a each and every issue or problem where involvement has 
- - 	2 	- been indicated 	Rather, the role 	identified represents a 

2 desirable state of affairs that can only be achieved through 
a program of continuing involvement in freight planning. 

Supportive. 	Responsibility basically of federal govern- 
ment; state support through performing subtasks such as 
providing data, 	conducting economic analyses, 	assessing 
direct and indirect impacts. 

Technical study. Covers the full gambit of transportation 
planning activities: 	data assembly, forecasting, mode split 
analysis, network analysis, economic evaluation, and im- 

.2 . .2 pact estimation done by the state planning or transportation 

I agency on its own initiative. 
a Promotional. 	Encouraging carriers or other levels of 

government to provide identified services and facilities with 
a or without subsidies, tax exemptions, and other forms of 

"hard" promotion. 
Coordinative. 	Administrative assistance to aid private 

carriers in expediting government review and approval of 
a plans to implement new services, build new facilities, etc. 

Capital investment. 	State-level investment in construct- 
!] a ing new or rehabilitating existing transportation facilities 

I (either publically or privately owned) 	used for freight 
purposes. 

II Other financial support. State-purpose funding of freight 
transportation services, such as rail branchline subsidies, in 
support of larger socioeconomic goals. 

Types of Planning Activities 

Ideally, the identification of major planning activities can 
best be done by examining past state- and federal-sponsored 
freight-planning studies to see what methods have been 
used. However, few examples of such studies actually exist. 
Therefore a subjective approach, built around several hypo- 



TABLE A-3 

ROLE OF STATEWIDE TRANSPORTATION SYSTEMS PLANNING—PORTS 

Potential Planning 
N. ignificant Attention or State Involvement Potential Role of Statewide Implementation 

Sssue/Problem Obj ective(s) Present Perceived Future Transportation Systems Planning (ISP) Responsibility, 

A National or Regional Focus future promotional and None 	Most ports are Increasingly important. 	Port Implicit federal responsibility, but one which should rely Iseavi ly on port authorities, Federal government 

Port Development Plan financial assistance pro- owned and operated by needs 	(especially new off- major shippers including oil companies, and state DOT inputs; plan should be developed may require legis- 

grams on an agreed-to system local gov'ts, eacept shore deepeater ports) will cooperatively between federal and state gov'ts. 	Has physical, operational, policy, nation to permit 

of publicly and privately on Great La kes where mandate the preparation of environntal , and financial components. 	Anational or regional port plan has not been system planning. 

owned/operated port faci I - many are private, regional or national port dcv- attempted; lead most be taken by tEDOT and the Maritime Administration - 	General direction 
ities. Make better use of elopsent plans to guidesuch and thrust most be set by the federal govt. 	State 'ISP might coordinate authority inputs 

esisting facilities, reduce develop,sest, as sell as the re- to such planning including as inven tony of port facilities, capital proj ect identification 

over-investment, eacensi ye habilitation and modernization and assesssents 	traffic proj ecti ens, economic assessments - etc. 	Federal product would be 
competition. of eaistisg ports. a physical  plan for existing and prep osed major ports (international trade) along with 

policy, environnenta I - regulatory, and financial recomnendations designed to bring the 
developed plan mt 0 existence. 

New Port Construction Provide efficieet economical Virtually none. 	(Del - sapidly becoming a major issue Dependent upon national or regional port planning- 	Has physical, operational, policy. Federal gov' t with 

especially Off-Shore, transportation of imported aware went to court among environmentalists. New envi-roenmental and financial components. 	In past, resp. of local gov' t or private companies state DOT assis- 

Oeepwater Pont, for crude 	it and petrol eum to prevent such .It construction mcvi tahle with little or no state or federal involvement cxcept for penmits. etc. 	Lead must be taken tance in planning 

Supertankers products, ninisice environ- port construction.) asener gy consunption increases by iScQT and the Maritime Administratnon, with participation by state DOTs, port authori- and implementing 

mental 	impacts, probability Careful planning is essential ties, major shippers, state and federal environmental protection agencies, Coast Guard, necess ar) 	ground 

and consequences of oil if such facilities are to Corps of Engioeera, etc. for the port facility itself. 	State TSP might involve preparing transportation 

spills, receive public approval and freight forecasts, corridor flows, n,odal split, networle simealation for not or carrier/rail improvenents. 

implementation. Depends upon flows to/from the propoaed port facility as well as assessment of the condition/capacity/ 

the role of federal gov'tin need and costs of constructing or increasing the capacity of any connections to the rail 

promo ting new port construction and highway systems - 	Product could recoemend access road or railroad construction. 
and whet her such programs are 
implemented in part thrt, state 
DOT's.  

Capital 5, quired no Undertake necessary physical imcept where direct- Gradually espandin g  stati role Be" undertaken cooperatively on a multi-state or national basis. 	Has physical, geogra- Shared res p. 	Port 

tmpand; Moderei,e, or improvements to keep general ly owned by a state, in financing port modernization phat, operational, envio'oremental, and financial components. 	In past, resp. of port manage- egt. with federal/ 

Rehabilitate laisting cargo terminals competitive virtually none, and rehabilitation when finan- meni with little or no state or federal involvement except for pesmits, etc. 	Potential state financial 

Publicly-Owned with others in terms of cing cannot be secured by local gov't involvement arises from (I) the potentiality of overbuilding particularly where ports nssls tance 

Terminals available facilities and 5cr- agencies. Applies particularly are -under competing jurisdictions, (2) the inability of some ports to obtain funds for 

vices, meet growing shipment to seal Icr ports having publicly reh4si litation via the bond markets, and (I) the desire to stimulate area employment and 

volumes, and provide jobs and owned and operated facilities, income by increasing the amouot of freight hand led through the port. 	Lead should be taken 

income to the surrounding by the federal gov' t • with participation by state DOTs, maritime interests, port authorities 
area, and regional/local gov't. 	Unilateral state action inevitable without multi-state or nation- 

al port planning. 	Certain TSP oethodoaogy, such as forecasts and dividing traffic nmong 
competitive ports, can best be done on a multi-state or national basis. 	TSP might involve 
assembling port condi tion/capacity/meeds/cost asti'mates from port authorities along with 
pritricies, costs, benefits, and impacts of desired expansion or rehabilitation projects. 
General thrust, direction should be set by federal gov't, rather than left entireiy to 
poris and/or states. 

4 	Capital Required to Undertake necessary physical Virtually none. Gradually eipanding state role Likewise best under talc en cooperatively on a multi-state or national basis. 	Has physical, Shared resp - leg mgt. 

expand, Mod ermice, or improvements to keep major (uSes Final lystei in financing port modernization geographic, operational and financial components. 	In past., reap. of railroads with little with federal/state 

Rehabilitate Ixistim g. railroad-owned bulk terminals Plan ad dresses and rehabilitation especially. or to state or federal involvement. 	Potential govt involvement arises from (1) inability financial assistance 

sailroad-Owned Bulk in operation so as to provide iosue. ) when such financing cannot be of some railroads to undertake needed bulk cosaiodity terminal rehabilitation. modernization, 

Terminals jobs and income to the sur- done by owning railroads, or consolidation and (2) the desire to promote terminal usage. 	TSP might involve assee- 

rounding area, blirg terminal conditi on/ capacity/needs/cost estimates from owning railroads along with 
pricrities, costs, benefits • and impacts of desired expansion, modernization, or rehabilita- 
tior projects. 	General thrust, direction should be set by federal 5ov't, rather than left 
entirely to ports and/or states 

a, poor Highway Access to Take local trucking off city Virtually none. Ultimately important. Subsidiary Pornion of statewide highway systems planning. 	Has physical, traffic, and resource allo- 
State lXprs (possibly 

Ports for Internsodal streets to improve environ- (escept for ono to question of federal/state cation components. 	In past, largely ignored due to lack of coordination between port oper- 
local gov ts) 

far Stae D3Tres. 
Services ment; 	improve operating eff -state.) inves tment in i ntermodal 	fat- ating authorities and state DOTs and the relatively low volemmes of truck traffic. 	Pocen- 

reduce costs, etergy i lities owned and operated by tiai gov ' t involvement arises . from desire to reduce truck-induced impacts on local street projec 	P  anning, 	- 
153W 

consunption thn, federal/ pubs ic authorities and/or local systems. 	Lead must be taken by state tOTs coordinating with port and local interests. 
engr.. 	acqul

- 
- 

sition an 	construc 
state investment in improving governments. Applicable only to major ports. 	'ISP involves preparing forecasts of maritime traffic, 

highway connections between determining origins i destinations, estimating ansoci ated truck volumes on different per- , 
g. p ossi 

port and espressway system. tioca of local and state highway sys tens, determining present levels of service, and esti- 
ocasare, 

eating service improvements from reeaving port -related traffic from links experiencing 
severe congestion (and associated envi ronmerltal impacts) - 	Product could recommend access 
road construction. 	Most be judged against other highway projects and overall needs - 

6. 	Poor sail Access or proe,ideieprov ed terminal Virtually none. II timately important. Depends Pal Inwi thin state TSP. 	Has physical, operational and financial components. 	In past. Shared resp - 	IS 
Condition of Yard/ efficiency thru federal/ upon the role the federal govt. resp, of Is or port authority mgt. with little or to state or federal involvement. 	Poten- mgt. with federal/ 
Tereinal Servicing the state/railroad inves tlseet . plays in promoting rail yard/ tiai Boy' t involvement arises from (1) inability of some railroads to under take needed state/port author- 
Porn or Bulk coemodity an replacing/modernizing terminal upgr a ding and whether yard rehabilitation, modernization, or conaolidation, 	(2) the desire to promote port or ity financial 

yardsse rvicing port or such programs are implemei ted terminal usage, (3)  desire to promo to rail transport to/from port facilities, and (4) re- assistance. 
bulk commodity terminals, in part into state DOT's. use 'of land tie dup in underutili,ed rail facilities. 	ISP involves preparing freight fore- 

casts, corridor flows, modal split, rail network simulation • ter,mimal/yard conditioci 

capsci ty/needs/costs , 	Product would identify facilities requiring replacement/expansion/ 
modernization/consolidation with priorities, costs, besefits , and economic impacts. 



Significant Attention or State lnvolveoent 
Potential 

Issue/Problem 
Plam,ing 

Ohj active(s) present Perceived Future 
Potential Role of Statewide lmpleaentation 

Trans portatit.n Systems Planning (TSP) Responsibility 
7. 	Maintaining/Improving Maintain and, when desir- Varies. 	Encreasing Increasing attention,•  par- Resp. of federal gov • t, rather than states. 	However, 	hand-in-hand goes 	 with multi- Channel/Harbor Depth, able, undertake necessary attention via promo- ticularl yinconoettnom state ornational port p1 anning - 	Has physical, policy, environmental. and financial 

Federal gov'twith 
state Navigational Aids - etc. narine iaprovementn to tiona 1 route with with keeping major ports coaponents. 	In past, resp. of port aanagement working directly with the Corps of 

input from 
DOTs, state and keep the port competitive federal gov' t. toape titive and finding Engineers - 	Potential state gov ' t involve,sent arises from (1) increasing difficulty federal environ- with others in terms of 

capability for handling 
suitable disposs I sites 
for 

in obtaining cmvi ronmentaj agency approval to undertake dredging operations necessary mental protection 

current ship designs and 
spoil. to mallrain required depihs and clearances and (2) the cost of spoil disposal. 	State agencies, port 

tonnages. ISP and environmental sy tees planning necessary to (I ) agree on the work required over authorities, ship- 
time, (2) the conditi ons surrounding the work, 	(3) locating spoil disposal sites, and ping interests. 
(4) expediting necessary permits and clearances - 

H. 	Administrative and To eliminate administrative Virtually none. Rising interest. Resp. of federal gov't although states do have Institutional obstacles and institutional obstacles -(Federal activity) 
a promotional opportunity. 	State IS? Fed. gov' t with 

to Intermodal Trans- to interoodal transportation 
should concentrate on uni erntan ding current adai nistrative and institutional problems • inputa from state 

p ortation - thrt, ports, to trans late 
possibly undertaking ecorojaic an sessnents as appropriate to demonstrate concern. 	Currrost DDTs, port author- 

mechanical benefits into problems include (1) eli sinating requirements for cus toss' officials in some cases  to ities 

economic savings, 
open aid ins pect containers an route, 	(2) modifying liability regulations governing 
different transportation modes, 	(3) establishing through bills-of-lading for through 
routes and rates, and (4) reducing tendency for cargo to be decontainericed to take 
advantage of volume rail rates. 

9. 	Regulatory Modernization To promote changes in Virtually none. Rising ilteren t. Resp. of federal govt, although states should have aninteres t and concern. 	State ISP Fed. oov 't with existing rate structures 
designed to entourage should concentrate on unc.erstanding current rate structures and regulation, promote thom e inputs from state 
interotdaninm, -improve 

changes which would help bring about necded change. 	Of particular concern in the estab- DOTs, port author- 
operating efficiency, lishaent of single fact or rates and centralizing regulatory authority for intermodag itien 
achieve economic savings freight utilizing port facilities. 

ID. 	Environmental Impact To protect and enhance the Appreciabl eincolnec- Continuation of present. Falls -within state TSP, Iven though NEPA is a federal requirement (a few states do have Shared of Port P acilities . physical enviroranent, esp, tion with dredgnng, state equivalents of NEPA) . 	Has direct policy and investment implications', indirect 
renp. 	Port 

auth oriti es working water quality, wetlands • spoil dinponal for aspects through aslessner.t of alternatives involving other locations and modes. 	TSP may with state DOTs and and harbor and control existing facilities • involve preparing before/after environmental as nessaents of proposed port inves taent local gov tn - environmental impact programs upon water quality, wet lands, clan tal mn ources, and other po tentia I changes to 
and new deep water ports. the phvsicalenviroeanent. 	Product may be an environmental impact statement or simpLy as 

envirorentag report or assessment for proposed port devalopaent. 

lx. 	locno- Economic Impact To pro tect and enhance the Soae, especially in Continued attentnon to area Falls sit bin state TSP, Torticularlyin contributing to state economic State of Port Development, human cmvi ro,ntent, espec- relation to justi fy- employment and personal income 
goals relating no 

employsamt and incone grrwth. 	TSP may involve 	 before/sf ter preparing 	 economic assess- 
DOTs working 

gaIly the local economy. ing govt investment effects of port development meets, f proposed port investment programs. 
with local gov tn - 

- in port rehabilitation/ 
modernization. 

12, 	Energy Consumption To reduce energy used for Virtually none. Increasingly important, Ranitat my, resp. of federal gov' t, rather than states. 	Inherently coupled with ground Federal -transportation -purposes. Depends to large extent on transportation, es pecia II yusing energy efficient forum of transportation and minimizing 
gov't with 

state DOT inputn the emphasis placed by total Length of haul. 	Ojound transportation fal lswi thin state ISP. 	Unilateral state 
federal gov't in pron,otisg actioa for energy consen-ati on reasons is possible but unlikely until general thrust, 
energy effi ciency. direction is net by fedemal gov't. 	TSP could involve determining ground energy consujnp- 

tion ana system basis ar.d then determining the effects of different policy or reguRa- 
tory alternatives on energy consumption, service, and economic use of other ran ources. 
Pro duct would be consuapi ion estinates related to present or future ground shipment 
pat tar-sn and hypothesizec policies or restrictions. 



e. 	Iodirnct an' haidation 
of Watertany 

P. enniroteental Impact 

of carrier Usage of 

lnlaod waterways,  

ttiminate indirect povore.-

en p a uhsid len of ante rwav 

operators, if suhstartiu 1, 

than irstitnition of 

Ste or unor c barges on 

in land watelvars to at 

least coon-, proportionate 

toata of taint enaaee and 

operation. 

Protect and enhante tie 

phys ion I eta ironmont; 
especial 1" water quality. 

TABLE A-4 

ROLE OF STATEWIDE TRANSPORTATION SYSTEMS PLANNING—INLAND WATERWAYS 

Significant Attention or State unvo Ivement 

Potential Planning - Potenti a l'iole of Statewide eopleeeaeation 

laaue/Probaern Objective(s) Present Perceived Future 'trans narration Systems P lannine 	(TSP) Responsibility 

I, 	A National or River Focus future promotional S'irtualny nIne. 	frst encreaninfly 	important. 	In- Pe,ie:alrrsl,oesiliil,tv, 	hat 	one w5i,e5, 	should 	rela' !eeaa'ily on 	vtatr 	inputs 	rotate 	IlclTaiftrans- Federal gov't with 

Basin Saterwaa and federal investment waterwaa'a are owned/ creasief conpeti tie! for gov't pireitieni a 	involved) z 	plan 	shes' I,! be .Ieveloped 	eaopnoratively hrtsven 	federal 	and 	state gov'ts. staeeanputs 

Development Plae pro grams on an agreed- operlto d by the federal fuedi ng p Inn enviroiveontal I las -,ivvi cal, 	operational 	pa hey, 	environrnta I , 	and 	financial components. 	Previous 	long-fl ace 
to ayntem of puhlitallv gov 0. iepaetn of waterway develop- rlaoai eg done hr the Porno of Fnpinoers on a national or Circe b,isin ua trrv',,,'s transportation 

owned/operated water- (taception, 	th5 Barge meet win lovottually macdate plae 	tim! 	l'vupiilrc.t. 	I.e,,,1 	mast 	I'e 	taken 	l,v 	el,v 	Corps 	of Fnpineern 	and 	llSnlT. 	State 	TSr nip_lao 

ways. Canal) the prep oration of river basin roorjievee sty to 	ne/ans 	to 	sarIs 	plant] ag 	or 	sie,nlv proai detransp,artatioe 	inpa to 	and 	ie1ticts of, 

or national waterway develop- watevwarscoasteuce ioe/upvrndii,g. 	Federal 	product 	shoald 	I.e aat'ysic,il 	plan 	for vaisting 	an,l 

naet plans. 'ropnsed 	inland 	and a'oastal 	aaoerway: 	alone wioliyalirv, 	eos'iroemental, 	rrpalaenrv, 	and 	financial 

- rvcvesaevdatioes doss peed te, brine the plan 	into esistvnco 

2. 	New Waterway ton- Provide efficient, coo- Virtually nope. tapiday becoming a najor issue Pare 	ally doponlont 	apoe 	river l,asin or national 	waterivaosis!anvieg. 	l'asyl,ysi.aI , 	onoentional, Federal gav't with 

struotion for Trans- nonical inland and toetal and concern amonl environnentalists . pall en, 	otoirotlncatal 	and 	financial 	coo!aooe'nts 	t.ea,l naive 	he taken 	by 	lice Carps of l,ngineors state 

poetatian Purposes; trannportation for bulk Depends upon the roan the federal and U5110T. 	"mi partiriltotlon 	by 	sea too. 	State TSP miplit 	involve tie 	as505snflit 	of 	the 	con- 
ayateo Eatenaionsl cononoditien, minimize eov't takes in undertaking new dit lons/capac il,/neoals and costs of constructing or increasing the rapacity of any connections 

lajor lioprading of envirotmnentaa impacts. waterways or upgrading eaieting to tie rail and I,Lgiaa 	systems. 	Product cn,ild 	rocomnend access 	road or railroad construetion, 

taisting liaterways. ones. 	Inc reasing state interest 

a nil 	t once en 

S. 	teterneininp, Senefits Peterninitt the capital Virtually ooee. tenewed ittereot in how waterways aasi,ally, 	a 	fedora l 	 Has 	financia land rosolircea Iloca tion cowponrnos:. 	Has tedoral 	govt. 

Costs of Munti-i'ttptne and operatint coats and proincta are justified, hoot 	rosponsilsi litr of Corp, of vngineees: 	co,,si ,leeal,I econtroverss' eni st-sorer 	tie benefit- 

waterway Construetioa/ benefits of different cost 	method used 	to 	justify' sateras"s prejectv. 	Statgo 	haven 	1550001 ioe.iI 	eel pin 	vecear aping 

lpgradiop. taotesofwaternae'prt- tIle cevelennent 	an,t 	im,sleonenlanion 	.1  uniform ens l,iatioo eel bods which 	truly 	reflect 	the 	traea- 

jects and nquitabL port; tion coats and benefits assoriatedwiniiwaterwaysprocecos. 

dividing thene oosrs and 

bnnefitn anoop more- 

ational, 	flood protection, 

water sai.tly and transpor- 
tation ptePeses 

4. 	Piaintaining/tapeeeiog hlai ntain and, when desir- Varies. 	toereaainn antreositg attention. tovisonsibilinyof 	federal 	p000rnmen1 - 	r;ithen' titan 	states 	(vsevnt 	for 	line 	marpe 	'anal 	in 	tow Seek). Pei'eral 	tool. 

loaterwayflnptb, able, tindertake oeoossary at tentioe yin pea- particularly with fosding 110,-ever, 	roes hand-in-hand 	vi tin o'er 	'asia or nanion a Iwaterways planning. 	1155 p!vyaical, 	police, 

Navigwtionaa Aids, etc, marine improvenents to notional activities aaitahvte 	laid disposal vail rvneenta I ,an,l 	finsorial 	components. 	Fotenoisi 	state governmonni avolvomont arises 	from 	(I) 

channels, navigation aid. with Corps of it,, 	for spoil, increasing difficulty 	in ni'ts'vnin 	enr 	macmeal 	agency ,aoprava Ito tindertabr dredging operations 

tapinoera . nrceaaary no nainnain channel 	an,i 	(2) 	the coot 	of son i I 	disposal. 	state T5P 	'nd 	cnn rnneontal 

systems. 	el,aoni at necosyarn 	to 	(I) 	apr00 on the won 	ronmired over tier. 	(2) 	ohrcoodi lions 	oar- 

ag onecetien of Its tori, 	faa 	locatinesv,oiI 	disposal 	sites. 	and 	(4) 	eapedi tingnoressary 
pe nait s and c lea rater 

lnirtuall,v none. 	 aising interest. 

Periodic issue. States Continuation of present 

of tnt support present 	situation . Depentl s upon 

situation for economic 	federal gov'tefforta to 

dens) nanentreasons. 	elinitateio,iireetsal'- 

enma. of the federal gown, state' hive .nprn000iona role in serti np remotatorr entensions or 	Federal gov't. 

eonneahlederey,nlsti on in other to/es:. Tat' ran as000ro such promotional efforts thironigil 

tndamnral anal—es of tlte 000aoeie ofeecta of regulators controls ,,nd potential rhanen'v in the 

total split and nolosea of wateel,otoe freight 

Cove invaivemean arises from potential desire to elioinatr all forms of indirect s,il'sadatiam 	 Federal poe' 0. 

atndsaipport of one ne,lo versta: another. Basically, respeasihility of federal government. States 

tam 	a oromoni anal tale iaoneeitrapinp fair ereatnent of the different transport modes offering 

cottuenitivnafrvi cos. TSr an ouynsorn these effort, throuph nerhnic,al analysev of tine economic 

and modal si'lit effects of user 11111,11 on water carriers (and indirect ly on rai lroa,isl for 

solve ted 

ippreciahile in cot- 	Continuation of present. 	 aaairal If, reopoasil'iIityoffederal poveniaent. rather tilan st'ateo. see paragraph 4 ahovr. 	 federal govt. 

nect 'ion with dreilp i tg 

saoii dispocol, main-

taaniog dikaa. 

	

5. tatendiag regulation 
	

Place water corner oper- 

	

to tarri.ersofl,iauid 
	

aroraoecsmi,arot,Io}yaai a 

and/or Pry nutk Com-
modities 

S. tocio-frononac nmpacr 	troteetnadeohatte tho 	Apnreeaablo ospecially 	Continued attention vs 

of Wntersoy level op- 	o,uatity of the Iauaaaoennir- in inst i eying govern- 	copaopivent and perloma 

teat. 	 cent, especially the lotol 	meneinveatmenein 	inromeeffeetaafport 

ecotomy. 	 wateniaba facilities. 

C. 	Fnergr Consinaptiom. 	Indoor emerp: used for 	Virtuelly tome. 	 Inc mnasiaely important 
Pepenils to a large oatett 

Otn 111eee1ahao i s placed to 
federal povornmentin 

promottgenergyefficioncy 

Pails within state Tsr, particalarl yin contri l'oeitr.to state econonif peals. TSP mae involve 	State tUrn, 

p renarin g beforn/after economic assessments of propose,l federal walerasv inoestoen t programs 

on teal/orate iadustre and coen,erce. 

Bauncallp, reopotaihihity of federal government, ratlaer tItan states. Tel' could involve deter' 	redeemj govt 

nit'.te enorp,y consumption of  waoerwaa' carriers for pareiculari a ten-state noseneato and then 	 watli state 

mak_mg interinodal comparisons. Product would he totstnption estinates related to present or 	 larliaptats 

fatre travel patterns and hynotlaesine,' policies or restrietiens, which maybe included in a 

pin, document. Potentinhln one of the most important area5 for atate POT involvement. 



TABLE A-S 

ROLE OF STATEWIDE TRANSPORTATION SYSTEMS PLANNING-AIR CARGO 

Signi ficant Attention or State Involvement 
Potential Planning Potential 	solo of statewide Implementation 

Issue/Problem OR, ectine(s) Present Perceived future Transportation Syatoms Planning 	(TSP) Responsibility 

ANational 	or Regional Pocus future pronotaonal Sane. Air Cargo faril- Increasingly inportnnt. lnplicit 	federal 	reap011sabi lit>'. 	but one ouch slianid rely heavily no stote IlOTo. 	Plan nl,ouId fedora 1 gov't with 

Air Cargo Torninn I Plan and financial asai at ante sties are genera Sly in developed rooperatively bet nets federal ai d state 	 It,, ph yolca I, Operat iveal , state, 	a 'rpart 
an agreed-no owned or lenses] policy, an-i cannon tnl 	and financial conponent n 	General direction, thrust should beset operator inputs 

system of aircargo routes by Oocal gov'ts 	Sone by federal gov't. 	State TSP can coordinate airport operator 	inplans 	to such plillvieg, 	hod- 

and terminaln. state owanernl,ip, 	however. . oral product wou ad be a phyvtcal plan for proposed air cargo facility development along 
with polic, 	rognlatory, 	and financial 	rocomamendatioas designed tv l'ring the Plan 	i,lto 

nxintoeco. 

Air Cargo Terlminal 	Ige- Proloote improved ter,oinal Virtually none. Lieitod attention. 	Provinian Partially dependent upon nuiti -state air cargo nys tons planninl. 	Has physical, operational, Local 	gov't sod 

placement, sled ermine ti on, effacioecy tbru carrier or of ten insi facilities left onvirommen-.al, policy, and financial components. 	In past, 	romp, 	of air line ,ngt - and airport airport operators 
fxpansion, airport aper a tor invea t' to airS ions and airport oper- opera torn with little direct federal or state involvnmen t . 	State TSP xi tht 	involve preparing with Snvte NOT 

nent in rep lacing, nodern' atom 	. 	Usually an I f-amort - freight forecasts, en timatinp 	future air cargo requirement,, determining land and hui ldnng inputs, 

icing, or expanding present noangi state fnodang not coeds for air cargo facilities. 	TSP night 	nlsninvolve the assoosmomtof the 	conditiona/ 
air cargo terminal facilities. nnnoived capacity/noes], and costs of lanprosiog groin d connections to the local anpressway weston, 	in 

the largcs: netrvpolitom areas, 	atato TSP might involve studying the economic feasibility of 
a contraOl' located freight conaolndation facility. 

Regolatoryilodermimaticn. Promote change, imexaatang Virtually none, tisinginterent. Soa, of fsderaO govt, althcugh.snatea should exhibit a contnnuimg interest and concern. Federal goVt aith 

A Uminoatrative & Coosto t - mate structures and services (federal acti city) State TSP should concentrate on understanding torrent ratg struc tarts and roguOatioll . pro- inputs from state 
utnual Obstacles, offered and eliminate adnin- AN to tlaos o changes whir h eouOd help brin n  about needed change. 	Increasi 0 glntereatan SOT, 

istra tive and 	institutiollal 
obstacles to encourage inter- 

improve operating 
offi ciemcy, achieve economic 
savings. 

4, 	lOunges and Services S Insure the proviaions of Appreciable interest L'onti muation of present. Falls witi,i 5 state TSP, 	Has policy, 	regulatory, operational compamenota 	In past, 	resp. 	of State sOT, working 
Machot Inst ry frequem t , convenient , and in Level/quality of aurlinenngt ; states laaoe shoon direct interest an d concern and ham e promoted the ext onsi o,nc lose! ywi tia 

reliable air cargo services, service problems, gen' of routes and services. 	TSP involve, determining present service level,, 	imdnatcyreqsire -sirlines , 	federal 
both Sine han] and local erally promonionvl. tents for air cargo service, economic fonaibilaty of anchaomvico, 	imdirectcomxnnity gov't, communitie, 
pick-up delimery. benefit, ateming from improed air cargo service, estahliahimg service staedsrds, and 

working with airlines an d conmunities to achieve oxpaunde d services, 	slay involve promot- 
ional - sup port of airline applications to the can. 

S. Cargo Securnt y Reduce the 0°c,' dence o P None. 	Appreciable Incressi m g  interest from law Falls nutside of state TSP, although t hmrv should be an awareness of cargo secori ty pro- Local 	t'ov'ts, 
cargo theft And thereby interest and involve- enforcement offacnals, 	imsur- gransin existence at Oargor air cargo facilities. 
reduce trans port costs to memt at 	local 	level a, amcv companies, air carrier,, 
the 000r, 

t'mvirommenta I 	Impact Protect and enhance the Virtually tone 	(air Continuation of present, leeiativcly imaigmaficant por:ion of larger problem dealing with airport locatnon ,spec- Oh arts] rexp. 	air- 
of Air Cargo Facilities ph ysical environment; en- cargo facilities ataonn, a,'d development of land aurroursding the airport. 	Falls uithin TSP. 	Has direct port oporatoms 

peciallyni r quality, noise only). policy and investment implacstions. 	TSP may involve preparing hetore /afger environments 1 working with state 
and water. assessments of proposed air oar go hmveatmem t pro grams upon noise, safety • socondary devel- nOTs • 	local gov'ts. 

ard other potential rhanges to the ph yaicai environment, 	Product nay be an 
envirommortal impact statomeot or simply an envi ronmental report or assessment 

Socio-Ecomomic Impact Protect and enhamcetl,e Some, especially in continuation of present. Falls within state TSP, particular] p in contributing to state CoO'S Onic goals relating to State IOTa working 
of Air Cargo P acioities quality of the bantam envir- relation to attracting employment and Lncomv growth- 	TSP may involve proparing hefore/aftec economic assessments with local gov'ta, 

omment, especially the industries dependent' of l,igher level air cargo service on local/state industry and commerce, 
local economy, upon air cargo service, 

n, 	Inergy Comsiamption. Reduce ener gy used for Virtually none (air Increasingly important, nasicvl ly, reap. of federal gov 't , rather than states, 	rap could involve determining State DO Tm working  

transportation purpooeo - cargo service), freight-ri lated energy consumption of air cargo carriers for particular intra-state move' with airlines. 

tents and then making moe rmundal cnmparixonx. 	Product would be cons oonpti on esti mates 
related to present or future movement pat terms and lypotinesi ced pa licies or restrictions, 
whichmay be included in a plan document, 
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thetical quesliuns, was utilized. The first question pertained 
to situations where the state had a technical study role: If 
I were asked to undertake this study, what major planning 
activities would be necessary? This was supplemented by 
informally specifying the major conditions surrounding 
such a study: (1) reasonable time and staff resources, 
(2) an in-depth investigation, (3) reliance on existing data 
sets, (4) an end product providing economic analyses of 
alternate courses of action along with impact assessments, 
and (5) fully defensible recommendations. Under this 
situation the major planning activities could be identified 
fairly conclusively. The second question pertained to situa-
tions where the state was not the lead agency: What types 
of supporting work might I be called upon to provide, 
under cooperative arrangements between different levels of 
government? Several variations of the foregoing situation 
can also be postulated. However in the end, there is still 
a high degree of uncertainty over what planning activities 
are likely. To mitigate some of the resulting uncertainty, 
two levels of potential involvement were identified; the 
more basic and essential activities were identified by a solid 
dot in Tables A-i to A-12, and the optional activities by a 
circle. The division between basic and optional also reflects 
the knowledge of where state freight planning capabilities 
stand today. The resultant categories of major planning 
activities are given in the following. 

Acqui,e buck g,ound injur,natiun and understanding. An 
essential starting point is a thorough understanding of the 
issue or problem and a knowledge of what has been done 
in the past to solve it. 

Demand forecasting. Preparing estimates of either short-
or moderate-range demand for freight transportation (long-
range forecasting is virtually impossible). 

Mode split analysis. Dividing demand between com-
peting intra- and intermodal services based on transport 
level of service, commodity, market, and shipper attributes. 

Network ahalysis. Using simulation techniques, assign-
ing traffic to links on a network for the purpose of estimat-
ing traffic flows, supply/capacity relationships, costs, en-
ergy consumption, and the like. 

Economic evaluation. Economic effect on carriers and/ 
or government from providing new transportation facilities 
and/or services. 

Impact estimation. Assessment of social, economic, 
environmental, safety, and energy consumption effects on 
the state and its regions and localities from the provision 
of new transportation facilities and services. 

Each problem may be approached by one or more plan-
ning activity categories. Of particular interest is the wide 
variability of activity with mode and with role. Defining 
major planning activities does not mean that states are 
obligated to undertake the activities so identified. Rather, 
the activities represent the type of planning work they 
should consider doing if the particular issue or problem 
were to become a concern to their state. 

Issue Priorities 

Each issue or problem has been classified into one of the 
following groups: 



Priority I. Issue or problem has been of high public 
interest in at least a dozen states during the past several 
years. High probability of state transportation agency in-
volvement, even by those agencies just starting out in freight 
planning. 

Priority 11. Issue or problem is of appreciable concern 
and interest in one or more states, as demonstrated through 
staff study efforts. Moderate probability of near-term state 
transportation agency involvement, especially by the more 
sophisticated and experienced agencies. 

Priority Ill. Issue or problem has not yet reached the 
point of serious study by any state transportation agency 
staff, although there is expressed interest. Some likelihood 
of future state transportation agency involvement, espe-
cially by the more sophisticated and experienced agencies. 

Establishment of priorities is a complex business. It in-
volves weighing such considerations as (I) the concerns 
being expressed by organizations and individuals within the 
state, (2) systematically equating problems both within and 
between the different modes, (3) the general level of car-
rier profitability and viability, and (4) the degree of so-
phistication and past accomplishments in the state's freight 
planning program. 

The priorities of one state may be significantly different 
from those of another state. Some of this obviously can be 
explained on the basis of transport infrastructure and geo-
graphic location. For example, virtually all states probably 
have a latent interest in the rail and motor carrier modes, 
given the extensiveness of the two systems. On the other 
hand, deepwater port issues directly affect only 23 states, 
inland waterways 38 states, air cargo (at medium or large 
hubs) 36 states. States must develop their own priorities, 
which will in turn determine their data needs. Each state 
is unique in this regard; the priorities given in Tables A-i 
to A-12 are a composite of freight issues or problems found 
in all states. 

Types of Data 

The next step was to identify the major classes of data 
that would be required to address each issue or problem. 
The procedure for doing this was straightforward: a rough 
work plan or prospectus was developed for state involve-
ment in addressing each of the listed issues or problems. 
Data requirements were then derived from the work plan. 

Differences of opinion can exist in deciding what con-
stitutes a data need and what does not. The data needs 
given in Tables A-i to A-12 represent one set of judgments; 
others are possible. In general, however, the results portray 
a reasonable over-all set of data needs for statewide 
transportation systems planning. 

Two levels of data requirements are shown: essential 
data are indicated by a solid dot in Tables A-7 to A-12 
and optional needs by a circle. The division between es-
sential and optional data reflects differences in depth and 
comprehensiveness possible in technical studies, depending 
on the time and resources available for the particular study. 

Data requirements have been subdivided into five major 
groups: traffic flow, carrier, shipper/consignee attributes,  

physical and operating, and direct and indirect impact 
data. Each group is discussed separately in the following 
paragraphs. 

Traffic Flow Data 

The backbone of freight planning at any level is traffic 
flow data, which are categorized into production, consump-
tion, and flow data. The last category has been divided into 
three subgroups to represent total commodity, modal share, 
and vehicle flows. In some cases international flow data 
would be analyzed separately from domestic; in other cases 
there would be substantial interest in the actual routings of 
vehicles. The categories used are as follows: 

Commodity production. Government or trade associa-
tion assembled or synthesized data from major shippers, 
giving production statistics on a federal-designated region 
or multi-state region (high-aggregation), state, or county 
(low-aggregation) basis. 

Commodity consumption. Government or trade asso-
ciation assembled or synthesized data from major consign-
ees, giving consumption statistics on a federal-designated 
region or multi-state (high-aggregation), state, or county 
(low-aggregation) basis. 

Commodity flow. Government or trade association 
assembled or synthesized origin-destination data geographi-
cally linking production and consumption. Commodity 
flow data are mode-independent and should exclude in-plant 
transfers and local shipments. 

Traffic flow. Government or carrier! trade association 
assembled origin-destination data collected on a modal 
basis, generally region-to-region (high aggregation), state-
to-state, or county/ place-to-county/ place (low aggrega-
tion). 

Vehicle flow. Generally, government assembled origin-
destination data giving the movement of freight vehicles 
(railroad cars, trucks, barges, etc.) on a modal basis. 

Import/export. Segregation of commodity, traffic, or 
vehicle flow data into domestic and international categories. 

Routings. Further detailing of traffic or vehicle flow 
data to capture actual routings over the physical network. 

Carrier Data 

Some of the issues and problems require knowledge of 
the financial condition and operating performance of car-
riers and the characteristics of their route structure and/or 
rolling stock. Also needed at times is information on rates 
and tariffs. The types of such carrier-related data are as 
follows: 

Financial statistics. Includes items relating to the over-

all fiscal health of for-hire carriels, including, but not 
limited to, revenue, expenses, capitalization, depreciation, 
income, dividends, retained income, taxes, and balance 
sheet. 

Operating statistics. Includes items relating to over-all 
transportation operations of for-hire carriers, such as 



TABLE A-7 

DATA REQUIRED FOR RAIL PLANNING 

Data Required by States for Freight Systems Planning Purposes 

Type Issue/ProF. Level or Scale State DOT Role Planning Activities - Traffic Flow Carrier Attributes Physical/Open Direct & Indirect Impacts 
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Data l:equired by States for Freight Systems II isis jig 	lbiriic-ses 
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TABLE A-8 

DATA REQUIRED FOR MOTOR CARRIER PLANNING 
Data Ppn,.i ,.,-d hO ct4.t,, c-,- p,-i Sht Systems Planning Purposes 

Type Issue/Prob.  Level or Scale State DOT Role Planning Activities - Traffic Flow Carrier Attributes Physical/Open Direct & Indirect Impacts 

- 0 	 c 0 

. 044 	>450 4.0 

C4-4  fl 	- 	> 	c .4' 	 4 4-4 	0.-I 	 54 544.4 4.04-I .4. 	•M0 4.44. 	.44. 	4.4 

Potential ', 	.2 on>. 	4.LU. 	4< _4 	05 	54 >.I C 	54 	p.44.4. 5 	4.00 	41 
Issueor t0 	4-4 	4.4 

0 	Sm•-. 	4.444 
4.44 	444. 	44 
444.0.450440 

-44405 
44 	4.4.44.44550,4444. 

44_ 	,s io >, , 0 	4.4.4 	4445 
4.4 	0 	0 	44 	00-44.4 44 	 . 4c 	-.14 

'SE- 

	

4.1 	44.4 
44 	4. 	0 

>,oc 	'te 	0. 4.44.4.44 	4_S 	04 14 
4 	0000-10 ta 	4.4-. 	4.0. 	4.4 

Problem = 	4-4 	4-4 , 	e 	s 	u 
44 	44 	44 	0,44 	5_lI-I 

I 	C 	4 
-a 	o 	c- 4.4_4 	5 

4444.44 	5 
0 	c 	a 	-a.444-.-400 
0C 	5 	44_I 	54 

4444 	444.15 	Ia 	44 
0 

044 	0 	54 	5 	4. 	0 
.4 
1, 
0 

	

0.00 	•1.-44.CU4.4 0 . 	0 	04.4-44445,4 
'.. 
5 

s44.4 	0 	1 
0 

.44 	4.1 	I 	04_S 
04.4 	5 	44 

44-I 	505 	a 	>4>4 
5 	44 	0 	00.4. 	4.54.4 . 	•-I. 

4. a 	g g - 	. 
me 	a 	040 C 	>4  44 	.4.0 

Inadequatesupply • S ...o.s• I • 0 SSSSSSSSSS 
Highway Facilities 

Highways in Poor 9 5 S I •••• S . 
Physical Condition 

TrafficCongestion • • • •• 0 0 000 0 5 I S 0 5 555555 0 

TemporalRestract • 0 00 55 II • S 0 • o 
. .. S • SO o.so I • 000 • •••••• o. 

weightsDisen. 

TerisinalRelocation • • s000.Owoo Q• .000 sSsSs 000 
Consolidation 

Cargo Security • .. 0 III 5 0 
• S • • 000000 Comp 

 e ft 1l544O5i5l  ion 
iii 005 sisO . .. S 

Regulatory . . S S 00 0 • UI 0 sSs . ,. 
Modernization 

lndirectSubsidsra- . . . . . . 005 o. • . ...... 
Intermodalise S.; • -;-.- 000 0 . 

•• S 5 • 0 o0• U os 0 • .• .000 . city Motor Trans. 

Socio-Economic S S S 5 0 0 5 1* 5 ! 555 ImpactMotorTrans. 

Energy Consumption .. . 0 0 0000 00 0 .... 0 0 
Vehicle Safety • S S S 0SS% 0 SS5 S 
Level/QualityServ. 

5.. • 0 00 000 11  
0 

5 0 o•S 
1  



TABLE A-9 

DATA REQUIRED FOR PORT PLANNING 
Dais Rer.'4-red C., Ct-sr, C,,. Pa-el ohs Systems Plannino Purnnses 

Type Iaaue/Prob. Level or Scale State tlfl Role Planning Activities ( 
Traffic Flow - Carrier Attributes Physical/Oper. Direct & Indirect Impacts 
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freight traffic originated and received from connecting 
carriers, total carloads or truckloads, total tons, vehicle-
miles, net ton-miles, vehicle-hours, power-unit-hours, av-
erage hours/miles per power unit, etc. 

Physical characteristics. Includes items relating to 
route structure and plant, including route-miles, track-miles 
(railroads), power units and rolling stock owned or leased, 
age of equipment, etc. 

Rates/tariffs. Includes published, legal rates charged 
by for-hire carriers. 

Shipper/Consignee Attributes 

In some cases, the problem or issue may require detailed 
examination of the factors affecting shipper behavior (A-i). 
The shipper or the consignee (whoever is paying the freight 
bill) is the basic decision maker as to mode, carrier, and 
sometimes route choice. Shipper behavior can be described 
in terms of the following four types of data: 

Shipper attributes. Pertains to plant location, supplier, 
and operating policy strategic decisions that underlie long-
term shipper behavior. For example, the choice of plant 
location and the choice of suppliers and markets pre-
determines transport requirements except for volume or 
level of activity. Thus, component variables include (1) 
annual production volume, (2) number of establishmcnts 
(or number of plants and potential commodity flows), 
(3) location of establishments and modal access, (4) own-
ership of the freight (hence decision-making responsibility), 
and (5) pricing structure as it affects transportation de-
cisions (whether price is established at the factory or in the 
marketplace). 

Market attributes. Pertains to the demand for the 
commodities being produced, which reflects both the short-
run equilibrium of supply and demand and the long-range 
choice of markets. Component variables include (1) 
amount sold to consuming industries; (2) number, size, 
and location of consuming industries; (3) characteristics of 
consuming industries; (4) ownership of the freight; and 
(5) pricing structure as it affects transportation decisions. 

Commodity attributes. Refers to the physical charac-
teristics of the commodity being shipped, as well as infor-
mation on its handling and use. Component variables in-
clude (1) the unit value of the commodity; (2) its density 
(original and packaged for shipment), (3) shelf life (or the 
number of days to spoilage or obsolesence), (4) product 
use (whether in manufacturing or final consumption), 
(5) inventory control system (single or multiple item), 
and (6) stock-out consequence (net cost, contribution loss, 
probability of increasing loss with each day of outage, etc.) 

Transport level-of-service attributes. Pertains to mode, 
commodity and shipment size. Component variables in-
clude (1) waiting time for shipment to begin, (2) travel 
time or elapsed time between origin and destination, (3) 
time reliability, (4) the incidence of loss and damage, 
(5) the transport tariff charged by the carrier, (6) other 
costs incurred in making the shipment (such as packaging), 
(7) minimum shipment size requirements, and (8) special 
services that may be required (e.g., refrigeration). 
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Physical and Operating Data 

Virtually every issue or problem requires the acquisition 
of data on facility location, characteristics, and costs. This 
suggests the need for states (1) to maintain information on 
plant and rolling stock characteristics and capabilities of 
carriers serving the state, (2) to monitor operating condi-
tions and environment, (3) to review periodically how 
efficiently the existing plant is being utilized in relation to 
its "capacity," and (4) to be able to obtain or develop unit 
cost data as the need arises. The types of physical and 
operating data that may be needed are as follows: 

Facility location. Includes data identifying the location 
of the line-haul and/or terminal facility (whether govern-
ment- or carrier-owned and operated) and data identifying 
the type, size, age, and general characteristics of the facility. 

Condition of plant. Includes various types of qualita-
tive and quantitative data describing the present condition 
of line-haul and terminal facilities and rolling stock in 
terms of (1) any restrictions on operations for safety rea-
sons stemming from the condition of the plant; (2) the 
type, kind, and cost of renewal, repair, or replacement work 
needed; (3) the amount of wear in comparison with the 
maximum permissible amount of wear; (4) the contem-
plated service life remaining in comparison with expected 
total life; and (5) the market or net liquidation value of the 
existing plant. 

Operating characteristics. Includes data describing 
performance on a modal system or for specific line-haul 
and terminal facilities, including all operations relating to 
commodity transit from origin to destination. 

Use-capacity. Includes data describing the actual use, 
both temporally and spatially, on a modal system or for 
specific line-haul and terminal facilities. An example of 
this would be a traffic flow or density map. Also includes 
information on the capacity or maximum throughput, and 
associated operating conditions, if this can be conclusively 
established. 

Unit operating costs. Includes data describing the cost 
of operating modal system or specific line-haul or terminal 
facilities. Components include line-haul, terminal pickup 
and delivery, and overhead costs that can be further sub-
divided into labor, fuel, and maintenance elements. 

Unit capita! costs. Infrastructure costs. Includes data 
describing the capital costs of constructing or rehabilitating 
modal systems or specific line-haul or terminal facilities. 
Also includes vehicle acquisition and rehabilitation. 

Direct and Indirect Impact Data 

Impacts can be described in terms of their amount, effect, 
and value (A-2). "Amount" is simply the quantity, such 
as the number of jobs, the decibel level of noise, or the parts 
per million of different emissions. "Effect" relates to the 
response felt by people to the "amount," such as the reduc-
tion in personal income, loss of sleep, or increase in per 
capita incidence of lung-related diseases. "Value" is an 
indicator of the cost of the impact, which can be tangible 
(e.g., monetary damages awarded, lost regional product) 
or intangible. Conceptually, the three terms are interrelated 
and quantifiable, although in practice most impact assess- 

ment is concerned with the "amount" rather than "effect" 
or "value." Data needed for impact identification and 
measurement for freight transportation are as follows: 

Noise. Data of direct concern identify the noise gen-
eration characteristics of freight-carrying vehicles, singly 
and at different volumes, at various distances from the line-
haul facility and under different operating conditions. Data 
linking freight issues or problems to existing or projected 
ambient noise levels adjacent to a line-haul or terminal 
transportation facility and the relation of ambient levels to 
federal and/or state noise standards (public health) repre-
sent site-specific data that would have to be obtained 
through field investigation and measurements or from local 
governmental agencies. 

Air quality. Data of direct concern identify the unit 
emissions of different sizes and types of freight power units 
(e.g., locomotives, tractors, tugboats) operating under dif-
ferent load and terrain conditions. Data linking freight 
issues or problems to existing or projected ambient air 
quality levels adjacent to or downwind from a line-haul 
or terminal transportation facility and the relation of am-
bient levels to federal and/or state air quality standards 
(public health) represent site-specific data that would have 
to be obtained through field investigation and measurements 
or from local governmental agencies. 

Water quality. Data linking freight issues or problems 
to changes in (1) ground water (e.g., flow and water-table 
alteration, interaction with surface drainage), (2) surface 
water (e.g., shoreline and bottom alteration, effects of fill-
ing and dredging, and drainage and flood characteristics), 
and (3) quality aspects (effect of effluent loadings, dis-
turbance of benthic layers, alteration of currents, changes 
in flow regime, and saline intrusion in ground water) again 
represent site-specific information of concern primarily in 
project design and construction and obtainable through field 
investigation and measurements. 

Soil erosion. Data linking freight issues or problems to 
pollution and siltation potentially stemming from soil ero-
sion from new construction again represent site-specific 
information of concern primarily in project design and con-
struction and obtainable through field investigation and 
measurements. 

Ecologic. Data linking freight issues or problems to 
impacts on vegetation and wildlife potentially stemming 
from new construction again represent site-specific data 
that would have to be obtained through field investigation 
and measurements, from public interest groups specializing 
in ecologic matters, or from state and local environmental 
protection or conservation agencies. 

Economic. Data linking freight issues or problems to 
changes in the general economic health of the affected sur-
rounding area, including (1) land use (includes both ad-
jacent and "area" land use), (2) tax base (includes both 
loss through displacement from property taking and gain 
from increased property values), (3) employment (in-
cludes both direct transportation industry and commerce), 
(4) housing and public services, (5) income (e.g., gains 
and losses in area per capita income), and (6) damage to 
economically valued natural resources, again represent site-
specific data that would have to be obtained through inter- 
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views with affected industries/businesses, carriers, local 
planning boards, chambers of commerce, local officials, and 
the like. 

Socio-po/iticai. Includes any data linking freight issues 
or problems to (1) damage to or use of cultural, scientific, 
historic, or recreational resources; (2) changes in life style 
or activities; and (3) perception of project or service costs 
and benefits by different racial, ethnic, and income level 
groups. Again, these data are site-specific. 

Aesthetic and visual. Includes any data linking freight 
issues or problems to scenic resources, urban design, blight 
and decay from transportation line-haul and terminal fa-
cilities, etc. Again, these data are site-specific. 

Energy consumption. Data of direct concern identify 
the general energy consumption characteristics of different 
sizes and types of freight power units operating under dif-
ferent load and terrain conditions. Scale and desired pre-
cision of energy consumption-related problems determines 
the amount of additional site-specific physical data that 
would be required to compute energy consumption, either 
in absolute or relative terms. 

Safety-related. Data of direct concern identify (1) po-
tential threat to personal safety, (2) cargo loss and damage 
history and prospects for the future, and (3) the associated 
costs. 

DATA NEEDS IDENTIFIED THROUGH THE 
ISSUES/PROBLEMS APPROACH 

The preceding section dealt with planning processes and 
data needs responding to 74 individual issues facing state 
departments of transportation. In order to get an overview 
of what this means—as a means for establishing priorities 
in data collection-three frequency analyses were prepared. 

In reviewing these three analyses, reported in the follow-
ing, it should be remembered that of the 74 issues recorded, 
only 6 (one for each mode) had to do with an over-all plan 
for a mode or for adding to system capacity for a mode. 
Thus, 68 out of 74 had to do with very particular kinds of  

problems; this has an obvious influence on the types of plan-
ning activities required to address these problems, and on 
their data needs. 

Frequency of Types of Freight Planning Activities 

It is instructive to summarize the planning activities as 
a check on the reasonableness of the identified data needs. 
This can be done by tabulating the frequency of the dif-
ferent planning activities by mode, as given in Table A-13. 

The results indicate that the preponderance of state DOT 
planning activity centers on economic evaluation and im-
pact estimation. Lesser involvement is anticipated in short-
range forecasting and in network analyses, especially for 
motor carriers. Virtually all planning activities require 
acquisition of background information and development of 
an understanding of the particular issue or problem. The 
infrequent occurrence of long-range forecasting and mode 
split analyses stems in part from (1) an inability to prepare 
satisfactory long-range forecasts for use in freight planning, 
and (2) the modal orientation of most freight issues. 

Frequency of Data Requirements: All Modes, and 
by Mode and Major Group 

To rank data requirements, the following procedure was 
used. First, the number of times each type of data was used 
in aildiessing listed issues or problems was totaled, with a 
weight of 2 assigned to "dots" and a weight of 1 to "circles." 
This was done separately by mode and for each priority 
group within mode. Second, the totals were then divided by 
2 and the number of issues/problems in that mode/priority 
sub-group. This obtained "percentage use" answers rang-
ing from 0 to 1.0. Priority II totals represented the sum of 
groups I and II, and Priority III totals the sum of all three 
priority groups. 

The results obtained are shown in Figures A-i and A-2, 
which show, respectively, the frequency of each type of 
data by priority category and the frequency of data groups 

TABLE A-13 

FREQUENCY OF FREIGHT PLANNING ACTIVITIES, BY MODE 
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Aircargo M H L L H H M 
Pipelines M M L L M H H 

All M M L M M H H 

H = high frequency (> 14 weighted activities); M = medium frequency (8.0-13.9 weighted activities); 
L = low frequency (C 8.0 weighted activities). 
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Figure A-I. Data requirements for freight transportation planning, all modes. 
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Figure A-2. Data requirements for freight transportation, by mode and major group. 



49 

by mode and priority group. From these figures, the fol-
lowing general conclusions can be drawn: 

I. The greatest data need apparently is for physical and 
operating data, especially information on facility location, 
operation characteristics, use, and capacity. This occurs 
regardless of mode and priority group. This data need is 
especially important during the beginning phases of freight 
planning (Priority Group I). 

Similarly, there is a strong need for information on 
vehicle flow and on plant condition and unit costs, both 
capital and operating. 

Data supporting impact estimation are of moderate 
importance, especially data relating transportation system 
change to public health and safety. Of lesser importance is 
detailed information on the carriers themselves and the 
attributes of shippers and receivers. 

As freight planning becomes more sophisticated (i.e., 
states become involved with Priority II and III issues), data 
needs change from a heavy concentration on physically 
based data to a broader, more comprehensive range of data. 
The needs for traffic flow, carrier, and shipper/consignee 
attribtue data increase, whereas the requirements for physi-
cal, operating, and impact data decrease. This same pattern 
is generally true across the modes as well. 

Priority I data needs center on the rail and motor 
carrier modes, Priority II on these modes plus ports and 
inland waterways, and Priority III on all six identified 
modes. 

A number of changes were observed as freight plan-
ning becomes more sophisticated, as follows: 

Traffic flow data. Initial data requirements largely 
center around vehicle flow data. Priority II issues 
indicate a strong need for traffic flow and routing data 
in addition to vehicle flow data. Priority III require-
ments show a moderate need for commodity produc-
tion and consumption, and commodity flow data, as 
well as specialized information on imports and exports. 
Over-all, there is a trend toward increasing amounts 
and diversification in traffic flow data. 

Carrier data. Priority III requirements indicate 
some need for carrier data, including information on 
rates and tariffs. Otherwise, requirements for data on 
carriers appear to be fairly modest. 

Shipper/consignee attributes. Data requirements 
under all priority groups are modest, reflecting the 
rather narrow, pragmatic, problem-solving orientation 
of the issue/problem approach. Data requirements 
increase as the planning processes become more 
sophisticated. 

Physical and operating data. Some lessening of 
data needs can be detected, particularly for unit cost 
data, as freight planning becomes more sophisticated. 
This reflects the fact that Priority JJ and III issues are 
less physically oriented, more economic or policy 
oriented in character and thus require a different set 
of data. 

Direct and indirect impacts. With one exception, 
a general lessening of data needs can be detected as 

freight planning progresses in sophistication. The ex-
ception is an increasing need for data reporting eco-
nomic impacts. The relatively low requirement for 
energy consumption data can be attributed to the tact 
that most issues or problems are not directly concerned 
with energy consumption per Xe. This, of course, could 
change should fuel again become scarce. 

In the main, the results obtained appear reasonable. Be-
cause some judgment was involved in identifying data 
needs, the results should be viewed as a general conclusion 
rather than as precisely determined requirements of data 
needed for freight planning purposes. 

The value of the process described lies not so much in 
the results obtained for a "typical" state, but that it can be 
applied by individual states to assess their own unique data 
needs. States need only follow the same step-by-step proc-
ess, using staff judgment as to what issues are important. 
Because of the practical implications of this approach when 
applied to specific states, a full description of the process 
employed is included. 

ASSESSMENT or THE ISSUES/PROBLEMS APPROACH 

The conclusions reached on data needs are logical and 
internally consistent. They indicate a strong need for physi-
cal and operating data, a somewhat lesser need for traffic 
flow and impact data, and a relatively low need for shipper/ 
consignee attribute and carrier data. 

The issues/problems approach identifies where state ef-
forts are likely; once the efforts are identified, the data that 
would be needed are then deduced. It has a pragmatic 
orientation especially useful where planning resources are 
limited and must be focused on the major issues or prob-
lems confronting the state. 

On the other hand, the issues/problems approach does 
have some shortcomings, as follows: 

The approach reflects today's problems. Although a 
conscious attempt was made to look ahead, and visualize 
what issues will be important in the future, such issues are 
much harder to identify and define. Thus, the data needs 
do not necessarily represent long-term requirements. 

The approach used is piecemeal—it divides planning 
into a large number of smaller problems. It does not di-
rectly lead to comprehensive, multi-modal systems planning, 
which is the ultimate goal in developing a freight planning 
process. 

The approach cannot fully identify the data that would 
be needed for freight "systems" planning on a long-term 
basis. A good example of this is the down-playing of needs 
for extensive commodity or traffic flow data containing 
supporting data on shipper-consignee attributes—data that 
are at the heart of mode choice analyses and ultimately 
required were a systems planning approach to be adopted. 

Data needed for planning process research and de-
velopment purposes simply do not show up, because the 
approach is problem oriented. 

The level of specificity is too low; the results do not 
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indicate the level or levels of detail required, the degree of 
aggregation or disaggregation, completeness, etc. 

In short, the issues/problems approach represents a prag-
matic approach of determining data needs, albeit with some 
reservations and the necessity of qualifying the results. It 
is useful for determining priorities for staff work and data 
collection. Coupled with a close examination of freight 
planning methods, it provides reasonable answers to freight 
data needs and priorities. 
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APPENDIX B 

DEMAND ESTIMATION 

This appendix, the first in a series of four devoted to 
identifying data requirements through examining systems 
planning methods and procedures, presents (1) analytical 
procedures that have been or could be used to estimate 
freight demand, (2) the major freight demand forecasts 
that have been made at national and regional levels, and 
(3) the data needed for demand estimation purposes under 
different levels of systems planning. 

FREIGHT DEMAND OR GENERATION 

To the transportation planner the term "demand or gen-
eration" means the aggregate amount and composition of 
the freight generated by the economy or some part of the 
economy. It is comprised of raw materials, agricultural 
goods, and manufactured products moving via the nation's 
transport facilities. The driving force is industrial produc-
tion and personal consumption. Demand is never static, 
but ever changing in volume and character. One of the 
essential prerequisites for statewide transportation systems 
planning is keeping attuned to on-going change in freight 
demand. 

State freight demand estimation is closely linked to fore-
casting future state and regional economic activity. Hence, 
it is essential to have a general understanding and awareness 
of the relationship between transport demand and a state's 
(a) industrial production and consumption by major com-
modity groupings and geographic location, (b) trade rela-
tionships with industries in other states, and (c) long-term 
changes in industrial location, technology, and economics. 

Economists work with dollar representations of inter-
industry transfers, primarily in the manufacturing sectors 
of the economy; transportation planners, however, are con- 

cerned with the physical transfer of goods, measured in 
tons. It is important to understand both sets of data and 
the methods for establishing linkages between the two data 
sets. 

How comprehensive must a trade flow or traffic flow data 
base be for statewide transportation planning? It must be 
a comprehensive representation of significant traffic move-
ments taking place within a defined area at one or more 
points in time. It must cover all modes and both for-hire 
and private operators. However, it need not include local 
movements; most of the major statistical sources already 
distinguish between intercity movements and local move-
ments, excluding the latter. The Interstate Commerce Com-
mission defines local service as "transportation performed 
within a city or town, including the suburban area con-
tiguous thereto." The Census of Transportation similarly 
defines intracity service as traffic moving to a consignee 
with an address in the same town or city as the shipper or 
in a town less than 25 straight-line miles distant; the re-
maining traffic being considered intercity service. Thus, 
urban goods movements having both an origin and a desti-
nation within the same urban area need not be included 
in a traffic flow data base for statewide freight planning 
purposes. 

The traditional method for measuring freight demand is 
through collecting and projecting traffic flow data. Traffic 
flow is measured in ton-miles, tonnage, and revenue terms 
(B-I). The weight dimension, which represents the quan-
tity involved in production and consumption, enters into all 
three terms, whereas the spatial dimension, which repre-
sents the geographic location of production and consump-
tion, enters into ton-miles and revenue. Traffic flow data 
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include only the weight of goods actually moving or in 
transit, as compared to the total amount of goods produced 
or consumed. The location of various economic activities 
directly determines the spatial dimension. Five groups of 
factors are involved in the spatial dimension: (I) quantity 
and type of commodities. (2) industry structure and tech-
nology, (3) the distribution of natural resources, (4) popu-
lation, and (5) the characteristics of the transportation 
system—especially unit transport costs. These factors in-
teract as industry seeks to reduce its costs (including trans-
portation) in the long term through plant relocation and 
market and raw material substitution. The third measure, 
revenue, includes qualitative as well as quantitative dimen-
sions. For example, higher-quality service commands 
higher rates. Thus, it has unique attributes. 

Freight demand estimation can either be for short-term 
periods (up to 10 years) or for longer periods—up to 
25 years. Most freight forecasts done to date are for less 
than 10 years; very few are long-term forecasts because 
technology and the state of the economy are so difficult to 
predict. 

Demand projections typically are more stable the higher 
the level of aggregation in terms of geography and com-
modity detail. National projections tend to be more reliable 
than state projections, which in turn are better than sub-
state (regions or counties). Also, the nation is considered 
to be a closed economic system, whereas states are not. 
Furthermore, data availability is far better at the national 
level than at the state level. For these reasons, state fore-
casts often begin with, or are checked against, reputable 
national forecasts of economic growth and change. 

PROJECTING FREIGHT DEMAND 

Demand projections generally begin with or are based on 
national or at least multi-state level forecasts. There are 
several reasons for this: (I) the economic interdependence 
of states, (2) the large amount of freight transport cross-
ing state boundaries, and (3) the need to maintain con-
sistency and balance among the different modes and across 
the different geographic areas of the country. This differs 
considerably from person transport, where it is possible to 
consider a state or an urban area as being largely separate 
from the surrounding states or rural hinterland for trip 
generation purposes. In fact, it usually is not possible to 
make realistic freight projections on an isolated state basis. 

Demand forecasting is far from being n sophisticated, 
highly developed science. With the exception of recent 
USDOT work (B-2), comprehensive freight projections 
have not been attempted. Even the USDOT work repre-
sents relatively short-range forecasts. Few, if any projec-
tions have been attempted at the state level. Although 
private enterprise has through the years made many projec-
tions for marketing and corporate planning purposes, most 
of these are trend extensions modified sometimes to reflect 
observed technological or economic changes taking place 
in different industries. Techniques employed most often 
are crude and imprecise. More often than not, they do not 
explicitly recognize the fundamental, long-term technologi-
cal, economic, and locational forces at work changing the 
amount and character of freight demand. Because they are  

not based on the fundamental changes taking place in dif-
ferent industries, freight projections can only be considered 
as rough estimations or approximations. Techniques for 
more sophisticated forecasting are available, but data con-
straints limit their use. 

Most freight forecasting is done on a modal basis. 
Usually, assumptions are made regarding one mode's share 
of a particular market, if significant intermodal competition 
does exist. Because demand forecasting cannot be entirely 
divorced from supply side considerations—as cost and ser-
vice characteristics do affect demand, especially over the 
long term—a better approach would focus on aggregate 
demand and leave the division of freight among competing 
modes until later. 

Forecasting Methods 

In their work for SCAG and CALTRANS, Bruck et al. 
(B-3) identified a total of 19 different methods having 
potential use in freight planning. They classified methods 
as ( 1 ) quantitative, (2) time-series analysis and projec-
tions, and (3) qualitative. These methods are briefly re-
viewed in the following paragraphs. In addition, the two 
most important quantitative methods are described in 
greater detail later in this section. 

QuLurtitativc Afethod., 

If time-series data are available and sufficient prior analy-
sis has been conducted to indicate explicit and valid rela-
tionships between the factor to be forecast and other eco-
nomic variables, quantitative methods can be used. Table 
B-I summarizes the four types of quantitative methods 
deemed most useful in projecting freight demand for state-
wide transportation systems planning purposes. 

The most commonly used quantitative method is re-
gression analysis. For example, freight volumes are related 
over time to a single macroeconomic variable, such as gross 
national product (GNP). Obviously, the macroeconomic 
variables must be reasonable, reliable, and predictable. Dif-
ferent regression analysis techniques can be used, ranging 
in complexity from ordinary least squares regression analy-
sis to multiple regression analysis (B-4). 

Time Series 

Time-series analysis and projection, or trend extension 
or extrapolation, is the oldest and still the most widely used 
forecasting method. It differs from quantitative methods in 
that no attempt is made at explaining or relating demand 
to other stable, predictable "causal" variables. Time-series 
projections are useful so long as there is stability in the 
phenomena being forecast. Consequently, such projections 
require the existence of high-quality, stable, temporally 
based data covering a long time span. In addition to basic 
trend extension, other methods include moving averages, 
the Box-Jenkins method, exponential smoothing, the X-1 I 
method, and motionary triangles (8-3). 

The process provides a rapid assessment of freight traffic 
trends. It can be readily computerized. On the other hand, 
confidence in the results is more limited than with quantita-
tive methods. It is good only for short-range forecasts. 
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Qualitative Methods 

The third group of forecasting methods is strictly quali- 
tative. They may be used when no information or very 
little time-series data exist. Their main use, then, is in 
situations where some type of forecast (especially long-
range) is required and only preference information exists. 
Often these methods are coupled with discussions of al- 
ternative future scenarios that a capable analyst can present 
for a particular project. These methods are far more effec-
tive if they can be combined with one of the quantitative 
methods discussed earlier. Qualitative methods include the 
Delphi method, market research, panel consensus, factor 
analysis, historical analogy, and anticipation surveys (B-3). 

TABLE B-I 

SUMMARIES OF QUANTITATIVE METHODS 
FOR PROJECTING FREIGHT DEMAND 

Regression Analysis: The ordinary least squares method can 
be applied to any single-equation model that is purported to 
capture a one-way flow of causality from a set of indepen-
dent variables to a dependent one. The dependent variable 
is the one to be forecast, using the specified historical rela-
tionship as the foundation. Accuracy is usually quite good, 
statistically. Requires ten or more observations of time se-
ries, cross-sectional, or pooled data. Typical examples of 
independent macroeconomic variables include gross national 
product, different production indices, and population. Gen-
erally the number of explanatory variables is limited. Step-
wise regression analysis provides a systematic way of select-
ing the best explanatory variables from among a number of 
independent macroeconomic variables. The technique is par-
ticularly useful when the choice among explanatory variables 
is not clear cut. There is often, however, a high degree of 
multicolinearity among the determinants in the regression, 
which makes the predictive value of such models question-
able. 
Econometric Models (Simultaneous equation systems): 
These are systems of independent regression equations that 
describe some sector or region of economic or transportation 
activity. As a rule, these models are relatively expensive to 
develop and operate, but they tend to be more effective than 
ordinary regression models in expressing the causalities and 
interactions involved and consequently will forecast turning 
points more accurately. In general, they represent the most 
accurate method and attractive framework to handle re-
gional and statewide commodity flows. Same data require-
ments as before. 
Input-Output Models: These reflect the interindustry or 
interregional flows of goods and services in the regional (or 
national) economy and its markets. Considerable effort must 
be expended to use these models properly and additional de-
tail, not normally available, must be obtained if they are to 
be applied to specific regions. Accuracy is fairly good. Ex-
tremely detailed data are required, including base-year out-
puts, employment, and payrolls; interindustry transactions; 
base-year final demands; base-year trade flows; and projected 
final demands. 

4- Economic Ease Studies: To some extent, economic base 
studies are the heart of classical regional location theory. 
These studies reflect the changing economic and industrial 
base in local areas and regions. They are extremely useful 
in identifying the industrial mix of a local community, cap-
turing short-term changes in industrial composition, and gen-
erating employment and freight flow information on its 
industries. 

Source: Bruck et al. (B-3). 

Economic Base Studies 

In this family of techniques, industries are divided into 
two categories—basic activities, which bring money into a 
region from the "outside world," normally by exporting 
goods and services outside the region, and nonbasic activi-
ties, which include all other industries. 

The conduct of an economic base study is generally 
described by three major steps: ( 1 ) identify those activi-
ties within the region which export or are in some way 
basic, (2) predict growth in those basic activities, and 
(3) from these growth measurements, identify growth in 
nonbasic activities. The precision with which this analysis 
is done is the major determinant of the data requirements. 

The simplest approach is to categorize entire industries 
or classifications of industries as basic or nonbasic. Retail 
trade might thus be classified as nonbasic, whereas manu-
facturing would be basic. This method requires only very 
generalized data on industry location, employment, sales, 
etc., but the results obtained in such a generalized study 
may not be very accurate. 

An initial refinement of the industry categorization re-
sults from the realization that each industry produces goods 
both for import and for export, and as such, is neither 
wholly basic or nonbasic. The "location quotient" is useful 
for making such an estimate: 

Percent of national production 
provided by state (or region) 

Location quotient = Percent of national personal 
income, population, value added, 
etc., produced by state (or 
region) 

The criticism of the location quotient is that it normally 
leads to an underestimate of exports because of the likeli-
hood of cross-hauls when dealing with whole industries or 
industry groups. 

The most exacting and most data-demanding approach 
is to survey shippers to determine exactly the quantities 
that are imported or exported from a region. This has been 
done for large regions, as is documented in "Commodity 
Transportation Survey" of the Census of Transportation; 
data on smaller regions, however, can be difficult to obtain. 
Data requirements are given in Table B-2. 

Given a change in the transport network, the next task 
is the projeëtion of future activity in basic industries. This 
is best done through a survey of affected industires (B-S, 
B-6, B-7), or a market analysis of critical industries (B-8). 
Many of the techniques available, however, are not well 
suited to predicting industry or area localized demand 
changes, and the analyst should assess carefully the scope 
of the problem before forecasts are made. 

Once growth in basic industries is specified, it becomes 
possible to determine the impacts on income, employment, 
and other indicators through linkage effects. This is nor-
mally done through calculation of "multipliers" that indi-
cate for each dollar of sales, or each employee added to a 
basic activity, the probable growth in the identical measure 
for a nonbasic activity. Once again there are varying de-
grees of precision in methodology. One method is simply 
the calculation of basic ratios; i.e., the ratio of a given 
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measure (say gross product) produced by basic industries 
to that produced by nonbasic industries. This calculation 
may be for a single year or changes between years, with the 
latter method yielding perhaps the most accurate results 
(B-9). 

One example of an economic base analysis of employ-
ment is shown in Figure B-i. 

As the previous description implies, economic base 
analyses are quite simple both in concept and in practice. 
They have been used extensively for forecasting purposes 
(mostly of employment) simply because by projecting fu-
ture prospects for expansion in certain basic activities one 
can easily derive forecasts of total activity. These economic 
forecasts can then, by indirect methods, be used to yield 
population forecasts. 

Economic base studies have not always yielded convinc-
ing results. Isard (B-9) has compiled a detailed discussion 
of the method's conceptual and technical shortcomings, of 
which there are many. Probably the most serious drawback 
of the economic base concept is the demonstrated lack of 
time stability of multipliers. Multipliers have a tendency 
to change with time and with regional size and structure. 
This has serious implications for use of a multiplier as an 
aid in forecasting. 

Input-Output Models 

Input-output analysis is a method for quantifying the 
relationships that exist in a region between producing sec-
tors and the consuming sectors. It is a systematic method 
of accounting which, among other functions, can be used 
to trace the effects of any action through each part of a 
regional economy (B-lU). 

The basis of the analysis is the input-output table. This 
table displays the manner in which the production of each 
industry is distributed among other industries and the con-
suming sectors of the economy. An example of the table 
format is shown in Figure B-2. Data to produce this table 
can be obtained by a census of sales of each industry or by 
a census of purchases (ideally both should be done). 

From the basic input-output table, a table of "technical 
coefficients" is derived. The entries in this table (example 
shown in Fig. 8-3) are defined as the amount of input 
required from each industry to produce one dollar's worth 
of the output of a given industry. 

These coefficients are calculated for consuming sectors 
only and can be expressed either as monetary values or in 
physical terms such as tons. This table is then read as 
follows: "An increase of $1.00 in output of industry A will 
necessitate purchases of $0.17 from industry D." This 
table is indicative of the initial or "first-round" effects of 
increasing production in given industries. These are known 
as direct effects. 

To determine indirect or total increases in output that 
occur as the result of increased production, a table of direct 
and indirect requirements (as shown in Fig. B-4) is pro-
duced. The direct and indirect results of changes in final 
demand are important because they comprise the final 
expansion in output of the entire economy. In essence, this 
table represents multiple kerations of the calculations per-
formed to produce the direct requirements tables. The 
iterations are normally done by computer using matrix 
algebra. The entries in Figure 8-4 are read as follows: 
"For an increase in production of $1.00 in industry A, 
$0.25 of output will be required from industry B, $0.28 
from industry C, $0.41 from industry D, etc." 

TABLE 8-2 

DATA NEEDED FOR ECONOMIC BASE ANALYSIS 

STEP METHOD DATA REQUIRED 

Determination of industry Industry categorization Industry characteristics. 
type 

Location quotient Industry production statistics. 
Regional population, value added, in- 

come, sales, employment, etc. 

Survey Quantity imported and exported by 
industry or by firm. 

Projection of future Market analysis Present and future transport cost. 
"basic" production Present and future commodity prices. 

Knowledge of trading patterns. 	- 

Survey Quantity of future production by firm 
or industry. 

Interregional input-output Purchases, sales, and employment by 
analysis industry; inventory changes; future 

final demand. 

Projection of economic Multiplier analysis Employment data for base year by 
indicators industry. 

Income data for base year by industry. 
Sales data for base year by industry. 
Tons shipped for base year by industry. 
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WICHITA EMPLOYMENt, 1940 AND 1950, CLASSIFIED ni 

THE TYPE OF MARKET SERVED 

Market Served 

Regional, 
National. and 

Local 	 World 
Employment 	(Service) 	(Basic) 

1940 1950 	1940 1950 	2940 1950 

Total 52,091 88,575 37,148 )9,32) 14,943 29,2)') 

Agriculture 4,074 3,276 1,109 2,442 2,965 1,834 

Total 	non-agricul- 
tural 48,017 85,299 36,039 57.883 11,978 27,416 

Mining 925 971 50 71 875 900 

Construction 2,837 7,297 2,837 7,297 - - 
Manufacturing 8,692 23,931 2,705 4,605 5,987 19,326 

Food and kin- 
dred products 2,624 3.243 1,232 1,193 1,392 2,050 

Textile mill 
products 16 53 16 53 - - 

Apparel 146 205 - - 246 205 

Furniture 135 459 135 459 - - 
Printing 1,208 1,714 686 1,200 522 524 
Chemicals 172 242 - - 172 242 

Petroleum 572 548 - - 572 548 
Metals 985 2,973 - - 985 1,973 
Machinery 637 1,857 - - 637 1,857 

Transportation 
equipment 1,561 11,937 - - 1,561 11,937 

Other nianufac- 
turing 636 2,700 636 1,700 - - 

Transportation, 
corninunicat ions, 
public utilities 4,473 6,833 3,752 5,576 721 1,257 

Wholesale trade 3,003 4,616 2,498 2,774 1,505 1,842 

Retail trade 10,216 16,542 8,617 14,509 1,599 2,033 
Finance, insurance, 

and real estate 3,115 4,118 2,729 3,447 386 671 

Service 12,105 16,711 11,200 25.324 905 1,387 
Public adininistra- 

tion 1,765 3,437 2,765 3,437 - - 
Industry 	not 	re- 

ported 886 843 886 843 - - 
Source: Federal Reserve Bank of Kansas Cit3 Data based on 

Census of Population. 2940 and 1950. 

BASIC-SERVICE RATIOS AND MULTIPLIERS, WICHITA 

Regional 
Basic-Service Employment 

Ratio Multiplier 

I. Based on total employ- 14,943 = 1:2.5 3_5 
ment: 1940 37,148 
Based on total employ- 29,250 = 1:2.0 3.0 
ment: 2950 59,325 
Based on change in em- 14.307 	

1:1.6 2.6 
ployment: 1940-1950 22,177 

* 

Figure B-I. Economic base analysis as applied to employment. Source: Ref. B-9. 
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The foregoing discussion describes what is known as 
regional input-output analysis. There has been growing 
interest in interregional input-output analysis as a means 
to predict economic effects of changed trading patterns. 
Interregional input-output analysis required construction of 
yet another table, as shown in Figure B-S. This table shows 
flows not only between industries but also between regions, 
and it can be used to estimate changing requirements that 
will be placed on the transportation network. 

The chief advantages of input-output tables are best ex-
pressed by Isard (B-9) "(1) they record concisely, in an 
internally consistent manner, a large amount of information 
about a regional economy and interrelations of its sectors; 
(2) they impose a desirable statistical discipline on data 
collection agencies and empirical investigations; (3) they 
reveal gaps in data and may help in filling them; and 
(4) they present an economy in perspective and facilitate 
comparison of the magnitudes of its major sectors and 
bonds with other economies." 

Against these advantages are arrayed some formidable 
drawbacks, both conceptually and practically. One of the 
primary problems with implementing an input-output analy-
sis is the huge data set required, particularly for inter-
regional analysis. For the analysis to be useful in planning 
for transportation, commodity detail must be good. Prob-
ably 100 commodities must be included, although to 
streamline the analysis for a single region, only critical 
commodities need to be detailed, with the remainder 
lumped into general classifications. Transaction table data 
exist now at a national (B-li) and state scale (B-12). 
Some data have also been collected at a regional level. 
Because of the expense of these surveys (individual firms 
must be sampled), small samples are employed with a 
consequent sacrifice in reliability. Interregional transactions 

Processing Sector  

data (B-12), which have been synthesized from a large 
variety of existing data sources, are more generalized and 
unreliable. 

A conceptual problem with input-output models is that 
when they are used for forecasting, the technical coefficients 
(i.e., the components of output as shown in Figs. B-3 and 
B-4) are generally assumed to remain constant. In long-
range forecasting this critical assumption may not be valid 
because of changes in technology. 

For the input-output analysis to be used in transportation 
planning the dollar values of transactions must be converted 
to tonnage of commodities. This necessitates difficult con-
versions; two examples of processes using such conversions 
are given later. 

Summary 

Several conclusions can be drawn: First is the depen-
dency of most methods on historical and/or present-day 
commodity or traffic flow data. Second is the need for 
macroeconomic data and indices of anticipated future eco-
nomic performance to use as the "independent" variable. 
Third is the interdependency of freight or commodity flow 
and macroeconomic data in forecasting. Freight demand 
forecasts can be no better than estimates of economic 
growth and change. Finally, there is a need to include in 
the forecasting process information on long-term locational, 
technological, and transport cost and service. 

RECENT FORECASTS OF FREIGHT DEMAND 

This section presents recent applications of some of the 
foregoing methods to freight demand estimation at the 
national, state, and substate levels. This is being done partly 
to identify data needs and sources more explicitly, and 

Final Demand 

Outputs' 

lnputs2 N. 

N 

(1) 

A 

(2) 

B 

(3) 

C 

(4) 

D 

(5) 

E 

(6) 

F 

(7) 
Gross 

inventory 
accumula- 

tion (+) 

(8) 

Exports to 
foreign 

countries 

(9) 

Government 
purchases 

(10) 
Gross 
private 
capital 

formation 

 

Households 

 

Total Gross 
Output 

j1jj4stryA 10151256 2 5 1 3 14 64 
(2)lndusttys 4 71 13 8 1 1 6 3 4 17 59 
(3) IndustryC 7 2 8 1 5 3 2 3 —1 —3 5 40 
(4) IndustD 11 1 2 8 6 4 0 0 1 2 4 39 
(5)lndustryE 401 143 2 1 2 1 	1 _3 i 	9 40 
(6)lndustryF 6 71 62 6 2 4 2 1 8 46 
(7) Gross inventory 

_depletion (—) ± 2 1 0 2 1 0 1 0 0 0 8 
(8)lmports _I±A 03 2 0 0 0 0 2 13 
(9) Payments to 

government 2 3 2 2 1 	1 2 3 2 1 2 12 32 
(10) Depreciation 

allowances 121010 0 0 0 0 0 5 
(U) Households 19 23 2 5 9 12 1 0 8 0 1 85 
(12) Total Gross 

Outlays 64 59 40 39 40 46 12 23 18 18 72 431 

'Sales to inousiries and sectors along the top of the table from the industry listed in each row at the left of the table. 
'Purchases from industries and sectors at the ten of the table by the industry listed at the top of each column. 

Figure B-2. Example of input-output (hypothetical transactions) table for industry purchasing. (Source: Ref. B-lO. From The 
Elements of Input-Output Analysis, by William H. Miernyk. Copyright © 1957 by Northeastern University, renewed 1965 by 
Random House, Inc. Reprinted by permission of Random House, Inc.) 
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Input Coefficient Table 
Direct Purchases per Dollar of Output 

industries Purchasing 

A B C D E F 

A 16c 26c 3c Sc 13c 13c 

B 8c 7c 18c 3c Sc 18c 

C lic 4c 21c 3c 13c 7c 

D 17c 2c 5c 21c 16c 9c 

E I 	6c 0 3c 36c 8c 4c 

F 3c llc 18c 15c Sc 13c 

Figure B-3. Example of direct purchases table. (Source: Ref. 
B-b. From The Elements of Input-Output Analysis, by Wi!-
liani H. Miernyk. Copyright © 1957 by Northeastern Univer-
sity, renewed 1965 by Random House, Inc. Reprinted by per-
mission of Random House, Inc.) 

partly to record national forecasts that can be used as a 
resource in statewide freight planning and a control within 
which state and substate forecasts can be developed. Be-
cause present forecasting methodology inadequately ac-
counts for locational, technological, and transport cost and 
service changes, a further section discusses the limiting 
assumptions of present methods and the need for supple-
mental data to be worked into the demand estimating 
process. 

National Projections 

National-level projections of freight demand represent 
the most successful application of statistical forecasting 
techniques to estimate freight demand. Most national fore-
casting work done by regulatory agencies at the federal level 
is for very short time periods (six to eight quarters). These 
forecasts are of limited value for freight system planning 
and have not been included in Table B-3. Longer-term, 
single-mode forecasts have been made for special rail 
studies and for air cargo movements. Results from these 
studies should be used with caution because a number of 
explicit assumptions must be made to determine modal 
share of the market. For example, the study done by 
Temple, Barker, and Sloan for USRA (B-28) produced 
two sets of forecasts using different assumptions on the 
quality of rail service. The major drawback of single-mode 
studies is that they do not consider the total amount of 
freight transport needed for a given level of projected 
economic activity. This problem is avoided in several of 
the forecasts that utilize fairly comprehensive methods tied 
to the total performance of the economy. 

Perhaps the most significant work done to date in pre-
paring national projections for use in transportation plan-
ning is that by Jack Faucett Associates for the USDOT 
(B-2). Using a specially developed input-output model, 
Faucett has developed a series of historical and projected 
ton, ton-mile, and revenue estimates for the different trans-
port modes, based on forecasted growth of the national 

Direct and Indirect Requirements 
per Dullar of Final Demand 

A B C D E F 

A $1.38 .25 .28 .41 .27 .23 

B .45 1.21 .16 .19 .12 .24 

C .27 .38 1.38 .23 .17 .39 

D .35 .25 .25 1.53 .65 .41 

: : 

39 1:28 .25  

:1 

Figure B-4. Example of direct and indirect requirements table. 
(Source: Ref. B-b. From The Elements of Input-Output 
Analysis, by William H. Miernyk. Copyright © 1957 by North-
eastern University. renewed 1965 by Random House, Inc. Re-
printed by permission of Random House, Inc.) 

economy. The freight modes separately identified include 
rail, domestic water, local and intercity for-hire and private 
trucking, domestic air carriers, and pipelines. An input-
output model translates aggregate final demand (GNP) into 
detailed interindustry trade estimates and associated re-
quirements for commodity transport. The method ensures 
that the requirements of individual components of the 
economy are consistent, not only with future estimates of 
GNP, but also with personal consumption and business and 
government expenditures. Input-output methodology per-
mits direct estimation of nearly all freight transportation, 
as the interindustry transactions are especially appropriate 
for translating GNP into detailed industry estimates and 
their associated requirements for transport of commodity 
freight. 

The Faucett study relied heavily on Bureau of Labor 
Statistics (BLS) projections of trends to 1980. Historical 
and projected nontransportation demands were based on an 
adaptation of the 1958 national input-output table de-
veloped by the Office of Business Economics (OBE) as 
projected to 1965, 1970, and 1980 by BLS, and included 
the sectoral breakdown and interindustry coefficients of the 
interagency growth project (B-13). The individual trans-
portation demands were developed through disaggregation 
within the over-all BLS final demand. Major modifications 
of interest to freight projections included (1) the collaps-
ing of 82 OBE industry (nontransportation) sectors into 
37; (2) disaggregation of the OBE transportation sector 
into 24 commercial transportation sectors; (3) delineation 
of 16 private transportation modes previously contained 
within the industry sectors and final demand; (4) prepara-
tion of ton, ton-mile, and revenue estimates by sector; and 
(5) further delineation of sector estimates by mode. The 
historical 1965 and the three 1980 demand projections are 
based on those in "Patterns of U.S. Economic Growth" 
(B-14). In addition to the 1980 central tendency BLS 
GNP projection, which assumes a 4.3 percent growth rate, 
4 percent unemployment, and a historical rate for the pur-
chase of durable goods, alternate projections assuming a 
3.5 and a 5.0 percent growth rate were also made to 
represent upper- and lower-limit GNP estimates. 
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Normal input-output practice is to attach freight costs 
to consuming industries requiring that input. 1-1 owever, the 
Faucett study found that the producing sector can give 
better projections of freight service requirements and of 
modal shares, because tons of shipable outputs can be pro-
vided in association with total output and the outputs of 
a particular industry are far more homogeneous in terms 
of value and weight than its inputs. Thus projections are 
based on producing industry output. 

In 1965 and 1970 estimates of freight revenues were 
largely based on data from published sources, including: 

MODE 	 PUBLISHED SOURCE 

Rail 	 ICC statistics for Class I and II rail- 
roads. 

Domestic water 	CE statistics on tons and ton-miles and 
ICC statistics on average revenue per 
ton carried. 

For-hire trucking 	ICC statistics for Class I, II, and III 
regulated carriers, supplemented by 
estimates of the revenues of non-
regulated carriers and trucking by 
warehousing (based on 1963 Census 
of Transportation data) and small car-
riers without employees (based on 
Census of Population, Business, and 
Transportation data). 

Private trucking 	Cost structures and mileage distribu- 
tions developed by Faucett. 

Domestic air 	CAB statistics. 

Pipeline 	 ICC statistics for interstate pipelines 
and OBE estimates of total revenue 
and its ratio with interstate traffic. 

The modal shares projected for 1980 are based on as-
suming (1) the tonaage shipped by each industry increased 
proportionately with its output; (2) the proportion of ton-
nage shipped by private trucking remained constant; and 
(3) the tonnage shipped by railroads, for-hire trucking, 
domestic water, and pipelines would conform to trends 
observed on the bases of time-series data. Thus the modal 
breakdown is essentially one of trend extrapolation. 

The main value of the Faucett study lies in the tables 
produced showing domestic freight revenues (in 1958 and 
1971 dollars), tons, and ton-miles by mode and sector 
generated from the 1965 and 1970 historical and 1980 
3.5 percent, 4.3 percent, and 5.0 percent growth rate final 
demands. The work has been done in a form that will 
permit future updating. The various components that affect 
the 1980 projections are largely trend-based and do not 
anticipate major shifts in government transport policy, pro-
grams, or technological development. 

Although the Faucett study is perhaps the most success-
ful application of input-output technology to national trans-
portation projections, its output is too aggregated to be of  

direct use at the state level. Its principal value lies in the 
development of a method that ties together transportation 
and economic data. 

State Projections 

Whereas an appreciable amount of freight demand fore-
casting has been done at the national level, little has been 
done at the state level. Perhaps the principal cause of this 
is the almost total lack at the state level of both freight 
transport statistics (except rail) and suitable macroeconomic 
data around which to develop causal relationships. Lack 
of the former inhibits even such simple techniques as trend 
extension, whereas the latter has constrained the develop-
ment of econometric models to predict future economic 
conditions. Virtually every freight forecast made at the 
national level utilizes GNP in some fashion or another. 

With the rise of interest in regional economics, attention 
has been directed toward econometric tools for predicting 
the performance of a state's economy. A number of states 
have commissioned or directly developed input-output mod-
els. Unfortunately, these models have rarely found much 
use in transportation planning, because the outputs have 
not been converted to tons, ton-miles, and revenues among 
the different modes of freight transport. Even when done, 
developing the detailed statistical data necessary to develop 
the model has proved to be a major and difficult under-
taking. 

During the past several years, however, a new tool—a 
multiregional input-output model—has been developed in 
work done by Polenske (B-20) and others to investigate 
the transportation requirements in different regions (states) 
of the United States. 

As previously discussed, a national input-output model 
provides a consistent framework within which the inter-
dependence of the transport sector with the rest of the 
economy can be described and analyzed. However, the 
results from that type of model are of limited use in state-
wide freight planning. A multiregional input-output model 
provides a basis for consistent estimates of transportation 
requirements by industry and region, or state, and the many 
interactions between changes in the rest of the economy and 
transportation can be studied in considerable industrial and 
regional detail. This model appears to have appreciable 
promise for study of policy-oriented issues involved in state-
wide freight planning and thus should be of great interest 
to state DOTs. 

To implement the model, a comprehensive set of re-
gional data using the 87-industry OBS classification system 
covering all industries and states was assembled for the 
United States. Five major sets of multiregional input-output 
data were compiled for each state: (1) base-year outputs, 
employment, and payrolls; (2) 1963 interindustry flows; 
(3) 1963 interregional trade flows; (4) base-year final de-
mands; and (5) 1970 and 1980 projected final demands. 
A set of input-output tables was then prepared for each 
state for 1963 consistent with national 1970 and 1980 BLS 
projections. The six components of final demand were then 
projected to 1970 and 1980 to produce estimates of regional 
outputs and commodity flows among regions. 

In determining interregional shipments among the states, 
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three fixed trade coefficient models have been tested within 
the multiregional input-output concept: point estimate 
gravity, column coefficient, and row coefficient. The col-
umn coefficient was ultimately chosen for use in preparing 
the final computations. An obvious alternative would be 
a linear programming model, which has not been tested 
with this multiregional input-output concept. Linear pro-
gramming models require rather detailed and extensive sets 
of transportation cost data and treat commodity flows be-
tween states as net flows (i.e., cross-hauling of commodities 
cannot occur). The aggregate nature of the interregional 
shipments data used does indicate cross-hauling on a state-
to-state basis. 

Extensive written information has been prepared on the 
multiregional input-output model (8-15, 8-16, B-17, 8-18, 
8-19, B-20). In addition to books, reports, and articles, the 
data are available on computer tapes through USDOT: 

This includes data for 79 industries in the 50 states and 
the District of Columbia; the state-to-state tonnage trade 
data for 1963, 1970, and 1980 in 1963 dollars (DOT tapes 
R5 and R6); and the 1963 state-to-state trade flows for 
41 states in values and tons; for both the six modes of 
transportation and the total flows (B-i). Table B-4 gives 
further details on the multiregional input-output tapes that 
are available. A user's guide containing (1) a general 
description of the multiregional accounting system, (2) a 
description of the basic data used to set up the multiregional 
model for the base year 1963 and providing some detail 
and rationale on the methods used to ensure consistency 
both internally and with national input-output figures, and 
(3) information needed for implementation of the model 
has also been prepared (B-22). State-to-state flows were 
estimated from origin-destination data on commodity move-
ments, values of area output, imports by port of entry, and 
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Figure B-S. Example of interregional and regional input-output table. (Source: 
Ref. B-b. From "Interregional and Regional Input-Output Analysis: A Model of 
a Space Economy," by Walter Isard, The Review of Economics and Statistics, 
XXXIII (Nov. 1951), 321, Harvard Univ. Press. Copyright 1951 by the President 
and Fellows of Harvard College. Reprinted by permission.) 
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demand for goods at various locations. For each industry, 	modity, measured in tons, for each state of origin. State 

ton measures of state-to-state trade were tabulated or calcu- 	ton flows were next converted to value terms. The estimates 

lated from various data sources- These initial estimates 	of intrastate trade included elements of industry output not 

were balanced by proration to total shipments of the corn- 	contained in the value of shipments. Finally, the matrices 

TABLE B-4 

MULTIREGIONAL INPUT-OUTPUT (MRIO) DATA TAPES SUBMITTED 
TO THE DEPARTMENT OF TRANSPORTATION SEPTEMBER 1973 

DOT 
TAPE 
NO. 

MRIO 
DATA 
SET 
NO. 

TAPE 
FILE 
NO. 

DATA 
SET 
POSI- 
TION(s) 

MATRIX 
DIMEN-
5ION5 TITLE 

RI 1 1 1-19 88 x 53 1947, 	1958, and 	1963 Final De- 
mands. 

2 1 88 >< 53 1963 Commodity Credit Corpora- 
tion Adjustment to Federal Gov- 
ernment Final Demand. 

3 1 88 )< 7 1947 (58$) and 1958 (63$) Final 
Demand Dellators. 

2 4 1-9 88 >( 53 1947, 1958, and 1963 Outputs, Em- 
ployment and Payrolls. 

5 1 88 x 4 1947/58 Output Deflators. 
3 6 1-12 88 X  53 1970 and 1980 Final Demand Pro. 

jections. 
4 7 1-51 87 X  87 State Secondary Matrices, 1963. 

8 1 87 x 87 Sum of State Secondary Matrices, 
1963. 

R2 4 1 1-51 87 X  87 State Input-Output Tables, 1963. 
2 1 87 )< 87 Sum of State Input-Output Tables, 

1963. 

R3 5 1 1-61 52 X  52 Trade Flows from JFA(PREDUD), 
1963. 

2 1 52 X  52 Sum of Trade Flows from IFA 
(PREDUD), 1963. 

3 1-61 53 X  53 Adjusted 	Trade 	Flows 	(POST- 
DUD), 1963. 

4 1 53 X  53 Sum 	of 	Adjusted 	Trade 	Flows 
(POSTDUD), 1963. 

R4 6 1 1:2 80>( 52 1970 and 1980 Total Final De- 
mands 	Without 	Residual 	and 
Secondary. 

4 1 3 80 )< 52 1963 Regional Transfers, Out. 
4 1 4 80)< 52 1963 Service Industry Residual. 
6 2 1-2 80)< 52 1970 and 1980 Projected Outputs. 
6 3 1-61 53 X  53 1970 Projected Trade Flows 
6 4 1 53 x 53 Sum 	of 	1970 	Projected 	Trade 

Flows. 
6 5 1-61 53 x 53 1980 Projected Trade Flows. 
6 6 1 53 x 53 Sum 	of 	1980 	Projected 	Trade 

Flows. 

R5 7 1 1-61 52 X  52 1963 Tonnage Trade Flows. 
7 2 1 52 >< 52 Sum of 1963 Tonnage Trade Flows. 
7 3 1-61 52 >< 52 1963 Commodity Trade Prices. 

R6 7 1 1-61 52 x 52 1970 	Projected 	Tonnage 	Trade 
Flows. 

7 2 1 52 X  52 Sum of 1970 Projected Tonnage 
Trade Flows. 

7 3 1-61 52 >( 52 1980 	Projected 	Tonnage 	Trade 
Flows. 

7 4 1 52 )< 52 Sum of 1980 Projected Tonnage 
Trade Flows. 

Source: Memorandum dated July 1, 1975, from Karen K. Polenske to putential users listing the multiregional 
input-output publications and computer tapes available. 
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of trade flows were balanced to output and consumption 
controls of the multiregion input-output model by proration 
of differences using an iterative technique. 

The value of the multiregional input-output model is that 
it provides virtually the only complete source of informa- 
tion on state-to-state commodity flows, both existing and 
projected. By covering all 50 states and the District of 
Columbia, this information not only contains commodity 
flows originating and/or terminating in a particular state, 
but it also permits identification of external movements 
having some likelihood of passing through the state. Other 
state-level input-output models accompilsh the former; none 
known to the researchers can accomplish the latter. Al-
though some freight traffic flow data can be disaggregated 
to the state level (e.g., the ICC/FRA Railroad Waybill 
Sample), such data are not uniformly available across the 
modes or, even if available rntionally, cannot or have not 
been disaggregated to the state level for technical or dis-
closure reasons. 

The data sets and projections forming the outputs of the 
multiregional input-output model do have shortcomings. 
First, they are too old and do not reflect economic changes 
occurring in the 1970s. As a forecasting tool, the use of 
input-output methodology depends on the quality of the 
projected final demands. Whether population projections 
or other external increases in demands are used to deter-
mine tinal demands, the predicted changes in outputs will 
only be as realistic as the assumptions. Another difficulty 
stems from the conversion of interindustry flows measured 
in dollars into freight flows measured in tons. There is no 
easy way of doing this that will ensure precise results, 
especially when many of the commodity groupings are quite 
heterogeneous. Such a conversion process requires eco-
nomic rationality of freight movement, which does not 
exist. There is no known way of analytically replicating 
cross flows of commodities, choice of mode, circuity of 
routing, etc., that arise from corporate structures and insti-
tutional practices. Also, there is no way of validating the 
estimates using actual data—this will be the case until a 
comprehensive data set at state-to-state level is assembled. 

Economic Area Projections 

Industrial activity in the producing and consuming sec-
tors is the primary determinant of commodity flows. Thus 
the organization of data on economic activity has a strong 
bearing on the resulting organization and availability of 
data on commodity flows. Use of states as economic analy-
sis regions has one serious drawback—in many instances 
they do not represent particularly rational economic di-
visions within the United States. For example, the New 
York metropolitan area functions as an single unit, yet it 
covers major portions of three states. 

As a part of the National Water Assessment program 
carried out by the National Water Resources Council, a 
series of regional economic projections have been prepared 
that can also be used for forecasting interregional com-
modity flows. These projections are based on centers of 
economic activity defined by the Bureau of Economic 
Analysis (BEA) in the U.S. Department of Commerce. 
Each area includes not only the major production or service  

center, but also the surrounding area depending on that 
generator. The resulting areas, which are basically sepa- 
rate though not independent economic units, are called 
BEA economic regions (BEARs). A total of 173 BEARs 
cover the United States. They are larger than SMSA's and 
smaller than Census-defined production areas, neither of 
which cover the entire country. In only five cases can 
BEARs be aggregated to form states: Hawaii, Alaska, Cali- 
fornia, Nevada and Arizona (the first two are single 
BEARs). Figure B-6 shows the location of different BEA 
economic regions (23). 

A series of "accounts" has been developed for each 
BEAR for the years 1950, 1959, 1962, 1968, and 1969. 
These regional accounts include total population and em-
ployment, total personal income, and total earnings (dol-
lars) by economic sector. In all, 49 different economic 
sectors have been identified. In addition to these historically 
oriented accounts, regional earnings by industry projections 
have also been made to 1980, 1990, and 2000 (B-24). 

To be useful for freight planning purposes, the foregoing 
production and consumption data must be married with 
traffic flow data between the 173 BEARs to be of use in 
statewide freight planning. This has been done in the 
MARAD Domestic Waterborne Shipping Market Analysis 
Study. Its purpose was "to develop marketing aids and 
strategies to assist domestic marine carriers to achieve full 
realization of their inherent role to serve the nation's trans-
portation needs" (B-25). One of the major study tasks 
was to assemble present freight flows and forecast future 
growth. Included in this task was assembling a computer-
ized data base containing the region-to-region transporta-
tion flows of all commodities by surface transportation 
modes. Also included in this task was forecasting the fu-
ture level of flow in five-year increments through the year 
2000, using BEA employment and income data as the 
forecast basis. 

Regional (Substate) 

Obviously, state-to-state or BEA region-to-region freight 
projections would be of great value in estimating interstate 
traffic and of some value in estimating the growth in 
through traffic. But what about freight that originates and 
terminates within the state? 

Unfortunately, relatively few attempts have been made 
to develop freight projections on a substate basis. Although 
rough projections can readily be made, the problem lies in 
finding a methodology and supporting data that are solidly 
based enough to instill confidence in the final results. As 
part of its transportation development program, Ohio ex-
perimented with extending Battelle's DEMOS population 
and economic forecasting model to the year 2000. Freight 
projections were made by mode (rail, motor carrier, water, 
and other) of tons received by county for 11 economic 
groups (B-26). Results could never be validated because 
of the lack of county-level freight production and consump-
tion data. Other states have used (Kentucky), or are plan-
ning to use, DEMOS. 

A number of states have commissioned the preparation 
of forecasts on a modal basis. For example, Pennsylvania 
had R. L. Banks & Associates project the demands for rail 



Figure B-6. BEA economic areas delineated by the Regional Economics Division, Bureau of 
Economic Analyses, U.S. Department of Commerce. 
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service through examining historical relationships between 
levels of industrial and general economic activity on the 
one hand and railroad freight tonnage on the other. State 
population and economic forecasts were used with the 
ICC/FRA 1 percent waybill sample summarized to county 
groups. Texas Transportation Institute, in preparing air 
cargo forecasts for the Texas Airport System Plan, used 
trend extensions coupled with "share-of-the-market" tech-
niques to project 1970, 1975, and 1980 demand for dif-
ferent sized huhs (B-27). Base data consisted of Civil 
Aeronautics Board and Air Transport Association of 
America forecasts and historical data on the cargo han-
dled at Texas airports vis-a-vis national totals. Many other 
examples could probably have been cited as examples of 
state efforts to prepare modally oriented freight forecasts 
on a substate basis, had the documentation been published 
and disseminated. 

Several observed characteristics of substate projections 
are worth noting. First is the heavy dependency on his-
toric traffic generation or flow data. Second is reliance on 
simple methods, such as trend extension and share pro-
ration, tied into more major economic or transport fore-
casts. Finally, with the exception of air cargo and rail 
freight, the lack of forecasts is due in large part to lack of 
a suitable data base. 

DATA REQUIREMENTS, SUMMARY AND CONCLUSIONS 

Summary 

The state of the art for forecasting freight demand at the 
state level is primitive. Forecasting typically has been 
(1) short-range, (2) national in scope, and (3) trend 
oriented. Little work has been done to develop techniques 
suitable for application at the state level. Thus, states find 
themselves starting essentially from "ground zero." 

Two key points need to be emphasized. First, the ability 
to prepare reliable demand estimates can never be better 
than forecasts of economic growth and change. Improve-
ment in the latter must come first; yet little work is being 
done in this area. Second, trend extensions and simple 
correlations of traffic flow data with macroeconomic vari-
ables must be replaced by more advanced techniques that 
take into account economic interdependencies, differential 
regional growth and specialization, and technological 
change. Only in this way will there be significant im-
provements in tactical (short-range) and strategic (long-
range) demand estimates. 

Desired Capabilities 

In summary, the demand estimating capabilities being 
sought by states are the ability to: 

Prepare reliable tactical estimates of anticipated freight 
demand changes for the state as a whole and for specific 
corridors on a modal basis using conventional estimating 
procedures. 

Prepare strategic estimates suitable for statewide policy 
or systems-level planning (e.g., forecasts for a statewide 
master plan, by mode). 

9 Develop commodity production/consumption and flow  

estimates as an output of statewide or regional economic 
forecasting based on advanced econometric models. 

S Quantitatively relate freight flows to commodity pro-
duction and consumption, thus tying together trade and 
traffic flow data. 

Obviously, some capabilities are more difficult to achieve 
than others. Thus, the foregoing must be structured into 
several alternative program levels reflecting different pro-
gram investment and staff expertise. 

Program Levels 

Freight demand estimates may be categorized into three 
different program levels. These categories and their data 
needs are as follows: 

Stage 1. Under this program level the main emphasis is 
on preparing short-range freight demand estimates for indi-
vidual modes using trend extension techniques. This stage 
combines demand forecasting and modal split via modal 
traffic flow data extrapolation. The product would be ap-
proximate estimates of changes in tonnages and ton-miles. 
Data needs center on assembling available published traffic 
flow data, national-level modal forecasts, and short-range 
projections of the national and state economies. 

Stage H. Under this program level the capabilities 
achieved in Stage I would be extended to prepare more 
refined short-range aggregate forecasts using structurally 
based forecasting techniques (e.g., regression analysis) 
based on projected changes in the national and state 
economies. Data needs center around extending traffic flow 
data and particularly on assembling detailed information 
on the state's economy and where it is headed. State DOTs 
would be dependent on other agencies for economic 
projections. 

Stage H!. Under this program level the capabilities 
achieved in Stages I and II would be further extended to 
prepare aggregate traffic flow forecasts from separate com-
modity production and consumption estimates. Under 
Stage III, projections would (1) be mode independent; 
(2) be tied into econometric models projecting state-level 
or regional economic activity; and (3) account for loca-
tional, technological, and transport cost-of-service consid-
erations not possible with time series projection methods. 
Data needs center around those required to apply advanced 
econometric techniques to estimate both short- and long-
range freight demand. 

Data Required for Demand Estimation 

Data required for demand estimation are indicated in 
Table B-S. Data requirements shown are additive; that is, 
Stage II would include those given for Stage I, and Stage III 
would include those given for Stages I and II. 
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TABLE B-S 

INFORMATION OR DATA REQUIRED FOR DEMAND ESTIMATION 

CATEGORY 	 INFORMATION OR DATA NEEDED 
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National and state economy 	I. For a list of national projections, see Table B-3. 

(b) Stage IL 
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state areas (and vice versa) for originating and terminating 
interstate freight. Possible for rail, water, air modes upon 
special request to governmental agencies. 

2. Approximations of the above for motor carrier and pipeline 
traffic flow data. 

Modal forecasts 	 1. Projections made by major carriers serving the state. 
State economy 	 I. Detailed forecasts of state economic growth by county or 
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2. Detailed information on commodity production and con-

sumption by region assembled from data available to federal 
and state governmental agencies. Information should be 
assembled for several points in time. 
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APPENDIX C 

MODAL CHOICE MODELING 

The purpose of this appendix is to (1) describe freight 
mode choice models having potential application in state-
wide transportation systems planning and (2) identify the 
specific data requirements. This appendix is the second one 
devoted to identifying data requirements. 

In statewide freight planning the question frequently 
arises as to the number of tons of freight, by type, that will 
use a particular mode if existing conditions are altered due 
to changes in the transport system or as a result of trans-
portation policy decisions. Investments and regulatory de-
cisions depend on these estimates. Therefore, mode choice 
is an important step in the freight planning process. 

In the past, freight transportation has been viewed as a 
key element in the marketing and distribution process of 
free enterprise. The states have relied on competitive 
market forces and private enterprise to define the shape 
of freight transport. The role of the states has been pre-
dominantly one of improving the resource allocation of 
freight transport through regulatory controls. But times 
change, and so will the role of, state involvement, particu-
larly with respect to public investment in (1) freight facili-
ties, (2) various subsidy programs, (3) regulation, and 
(4) research and development. If current trends continue, 
as demonstrated by the Northeast railroad crisis, state 
DOT's may find themselves also thrust directly into par-
ticipating in the ratification of freight carrier rate proposals, 
the evaluation of new freight services and route applica-
tions, and the appraisal of proposed freight service cutbacks 
and abandonment-of-service petitions. 

To take a more active role in these particular freight 
planning and evaluation activities, states must develop ana-
lytical capabilities and tools necessary to evaluate freight 
transportation policy, system, and facility options or plans. 
Freight modal choice analysis procedures are one such tool. 

Mode Choice Model Development 

An extensive search of pertinent literature on freight 
modal split uncovered a wealth of information on theoreti-
cal frameworks for modeling mode selection, but little on 
actual application of these models. Most of the work to 
date has been done (1) within a research rather than plan-
ning context and (2) by universities rather than by federal 
or state governments. The lack of application partly stems 
from difficulties encountered in assembling required data 
and from the limited amount of freight systems-level plan-
ning done to date. 

Meyer et al. (C-I) in 1959 were the first to attempt to 
develop an analytic freight modal choice model. Using the 
least cost criterion, their model selected the lowest cost 
mode of transportation by length of haul. Mode choice 
attributes were limited to just two variables: (1) freight 
rate charged, and (2) inventory costs based on average 
commodity value, transit time, and shipment size differ-
ences between modes. 

United Research, in a study prepared for the Depart-
ment of Commerce in 1963, also recognized the importance 
of including total transport costs as an explanatory variable 



in the selection of mode of transport. They stated: 
the preferred method of shipment and the intensity of this 
preference will be roughly proportional to the saving in 
total cost . . . and shipping costs should, therefore, re-
flect the 'actual' (rather than current tariff costs) inherent 
in the system" (C-2, p. X-4). 

This theme that transport users attempt to minimize their 
total logistic costs was further advocated by Milne (C-3). 
He also advanced the concept that quality-of-service mea-
sures play an integral role in the mode selection decision-
making process. Milne concluded that service quality could 
be measured by three general attributes: safety, reliability, 
and transit time (accessibility, line haul, and frequency of 
service). 

In 1965 Roberts (CA, C-5), through an economic 
evaluation of transport companies, suggested that the ex-
pected utilization of a new service could be determined if 
the market values of the new and present services were 
established. The independent variables in his model were 
shipping rate and service quality measures that consisted of 
such elements as travel time, reliability, and other indirect 
transport costs not considered in the rate. 

Church (C-6) in 1967 analyzed the 1963 Census of 

Transportation (C-7) to determine the extent to which the 
distribution of freight traffic among modes can be explained 
by the elements of commodity, size of shipment, and dis-
tance between origin and destination. He concluded (C-6, 
p. 6) that".., size and distance factors account for most 
of the variability in the highway share of freight transporta-
tion, with commodity becoming a significant third variable, 
especially for large shipments." Surti and Ebrahimi (C-B) 
and Buhi expanded on Church's study, and BuhI (C-9, 
p. 1 3) deduced that "there is a substantial inverse correla-
tion between the highway-carrier share of total tons origi-
nated by manufacturing establishments and plant size." 
Employment was used as the measure of the size of the 
firm. 

Beuthe and Moses (C-b) developed a freight modal 
split model based on the economic criterion of profit max-
imization. In their model, profit is calculated by 

Profit = price at destination - (cost of pro- 
duction + shipping rate + value of 	(C-i) 
time) 

Profit is expressed in dollars, so a monetary value must also 
be calculated for the value of time. The interest cost of 
money foregone in transporting a product is defined as the 
value of time. Therefore, if the dollar value of time can be 
determined, time costs could be added to production and 
shipping dollar costs to provide a single monetary variable 
for mode selection. The transportation alternative that 
offers the shipper the largest profit margin is chosen. Al-
though the model does not consider the effects of com-
modity or service quality measures on mode choice, it does 
underline the importance of including shipper attributes in 
freight modal split methodology. 

A number of other investigations (C-11-C-17) also at-
tempted to identify the variables that affect the freight 
transportation modal selection process. 

In 1969, Charles River Associates (C-Il) in a study of  

rail and truck transportation suggested that trucking offers 
several superior service advantages to shippers: smaller 
shipment size, faster deliveries, better service reliability, 
more frequent service, and a number of other lesser ad-
vantages. The authors stated that "practically all of these 
advantages are consequences of fundamental technological 
differences between the two modes" (C-li, p.  21). Also, 
that if service differentials (size of shipment, time in transit, 
and service quality) between modes could be reduced the 
rail share of traffic would increase. 

Dueker (C-12) in 1969 described an ideal motor carrier 
commodity flow data set. His investigation concentrated on 
motor carrier flows, because this mode was believed to be 
the most difficult for which to obtain data. The analysis 
attempted to relate the flow data set to the data require-
ments for a freight modal split model. The following ele-
ments of the ideal data set were identified as essential to the 
mode selection process. 

Location of shippers and receivers. 
Commodity type. 
Completeness of service. 
Transit time (line haul). 
Weight of shipment. 
Rate. 
Actual routings. 

Herendeen in a discussion on the merits of various mode 
selection variables concluded (C.13, p.  31) that".., there 
are eight variables particularly germane to the freight modal 
split task," as follows: 

Transportation cost. 
Weight of shipment. 
Distance. 
Transit time. 
Reliability of service. 
Frequency of service. 
Commodity type. 
Size of firm. 

This list was further reduced to five variables for testing 
and predicting modal split. Herendeen argued that because 
transport cost is highly interrelated with weight and dis-
tance these two factors could be replaced by the single 
measure, transport cost. Firm size as a variable was found 
to be statistically questionable in estimating mode shares; 
consequently, it was not included in his modeling effort. 

Both Allen and Beuthe (C-b 4) held similar views on the 
selection of variables, including: 

Volume of production/consumption. 
Price at destination. 
Transit time. 
Transport cost. 
Value of time, expressed as an interest rate. 
Measure of safety. 

Stucker (C-14) suggested that the following characteris-
tics should be incorporated in freight mode-split modeling: 

Transit time. 
Convenient shipping times. 
Reliability. 
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Loss and damage measures. 
Other costs (packaging, or special handling costs and 

terminal charges). 

Meyer and Straszheim (C-IS) recognized the importance 
of properly identifying the type of commodity being 
shipped. They noted that freight traffic is particularly 
sensitive to the shipper's willingness to pay for a specific 
transportation service and that this service is related to the 
following commodity attributes: 

Density or weight. 
Volume—demand for transportation services per unit 

of time. 
Value—expressed as the dollar value of the product 

per unit measure. 
Perishability. 
Fragility. 
Volatility. 
Seasonality or peaking characteristics. 
Adaptability to liquid transport. 

Willingness to pay was described as ". . a negative func-
tion of density, volume of traffic per time period, seasonal 
steadiness, and schedule flexibility, and a positive function 
of value per unit of weight, perishability, and most of the 
other characteristics enumerated" (C-IS, p. 171). 

Wallace (C-16) in his 1971 study on air cargo transport 
suggested that mode selection decisions are determined on 
a basis of minimizing the total cost of transportation, where 
transport cost consists of four component parts: 

Handling cost (pickup and delivery costs). 
Terminal cost. 
Line-haul cost. 
Cost of ownership. 

Handling costs are described as functions of size of ship-
ment, number of parcels per consignment, and access or 
egress distance/time. Terminal costs depend on consign-
ment size, number of parcels and type of mode that utilize 
the facility. Line-haul charges are defined as "that portion 
of the shipper's costs assignable to the carriage of goods 
between terminals but excluding the terminal charges" 

p. 69). These costs are affected by the characteris-
tics: mode of transport, vehicle limitations (weight and 
volume capacity), particular shipping and handling re-
quirements, density or weight of a consignment, and vehicle 
average load factor. The fourth component, cost of owner-
ship, includes such elements as cost of insurance, deprecia-
tion, packaging cost, and a value of investment that is a 
function of transit time. 

Hutchinson expanded on Wallace's work and concluded 
p. 19) that "modal shipping decisions are influenced 

by the freight pricing regime as well as the distributional 
structures of various industrial organizations." He recog-
nized the importance of consignment size, distance of haul, 
and commodity type as principal factors in mode selection. 
Hutchinson advocated use of disaggregate data over zonal 
aggregate characteristics for freight modal split analysis. 

These early research efforts focused principally on the 
identification of the various attributes that affect freight 
mode choice decisions. These attributes, which fall into  

four general areas—commodity attributes, transport sys-
tem attributes, shipper attributes, and market attributes—
and are presumed by various researchers to affect the 
freight shipper's modal selection process are given in Table 
C-I. This compilation of factors, which extends an earlier 
list contained in Appendix A, was derived from an exten-
sive search of literature on freight modal selection. These 
studies usually were not concerned with development of a 
comprehensive, quantitative-type model. A few suggested 
very general, theoretical frameworks for a model of mode 
selection, but none were applied, tested, or calibrated to the 
level necessary for statewide planning. 

PROBLEMS IN FREIGHT MODAL SPLIT ANALYSIS 

In considering the specific attributes given in Table C-i, 
and the developmental work done to date by different 
researchers, several conclusions can be reached: 

No consensus exists on the relevancy of different at-
tributes as they relate to freight mode choice modeling. 

Rank ordering of attributes will be different, depending 
on (1) the commodity involved, (2) the characteristics of 
transport modes available, (3) the geographic location, and 
(4) the unique needs of individual shippers, among other 
things. 

The attributes are not independent. 
Data availability regarding the listed attributes varies 

greatly. 
Several of the attributes do not lend themselves to 

quantitative measurement. 

Although the foregoing has hampered research some-
what, the major problems in freight mode split analysis are 
(1) the availability of data, (2) the heterogeneity of aggre-
gate commodity groupings, and (3) the difficulty of deter-
mining and including all relevant variables in modal analy-
ses. These three problems interact and vary in importance, 
depending on the level of aggregation incorporated within 
the analysis. 

Data aggregation can either be by commodity type or 
by geographic area. The smaller the number of commodity 
types (the higher the commodity aggregation), the more 
likely it is that there will be a mix of commodities in each 
grouping that will make estimation of mode split difficult. 
The larger the geographic aggregation, the more difficult 
it is to use the resulting data in statewide planning. 

Problems occur for both low or high levels of aggrega-
tion. At a low (disaggregate) level, the sampling variability 
is usually high for existing data sets, or the data are simply 
not available, or the collection and processing of data be-
come unmanageable. At a high (aggregate) level, the sam-
pling variability is usually lower and data cçverage is bet-
ter, but the likelihood of nonhomogeneity of commodity 
type is heightened. 

Presently, traffic flow data, a major data input.to  modal 
split analyses, are quite limited. Almost all flow data 
sources (such as ICC 1 percent waybill and Census of 
Transportation data) cover national freight flows at a high 
level of geographic aggregation, thus preventing many re-
searchers from applying their models to detailed data. 
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TABLE C-i 

FREIGHT MODAL SELECTION ATTRIBUTES 

ATTRIBUTE 
TYPE 	 DESCRIPTION 

 Shipper 	Pertains to plant location, supplier, and 
operating policy strategic decisions that underlie 
long-term shipper behavior. 	For example, the 
choice of plant location and the choice of sup- 
pliers and markets predetermines transport re- 
quirements except for volume or level of activity. 
Thus, component variables include 	(1) 	annual 
production volume, (2) number of establishments 
(or number of plants and potential commodity 
flows), (3) location of establishments and modal 
access, 	(4) 	ownership 	of 	the 	freight 	(hence, 
decision-making responsibility), (5) pricing struc- 
ture as it affects transportation decisions (whether 
price is established at the factory or in the market- 
place), (6) size of establishment (or number of 
employees), 	(7) 	shipper's 	awareness 	and 	the 
knowledge of alternative mode transport options, 
and (8) ownership or loyalties to specific means 
of transport. 

 Market 	Pertains to the demand for the com- 
modities being produced, which reflects both the 
short-run equilibrium of supply and demand and 
the long-range choice of markets. 	Component 
variables include (I) amount sold to consuming 
industries, 	(2) 	characteristics of consuming in- 
di.ictrie, 	(1) 	ownership of the freight, and 	(4) 
pricing structure as it affects transportation de- 
cisions. 

 Commodity 	Refers to the physical characteris- 
tics of the commodity being shipped, as well as 
information on its handling and use. Component 
variables include (1) type of commodity shipped, 
(2) 	the unit value of the commodity, 	(3) 	its 
density 	(original 	and packaged for 	shipment), 
(4) shelf life or the number of days to spoilage 
or obsolescence, (5) fragility or susceptibility to 
damage, (6) its volatility or likelihood to change, 
(7) 	seasonality, (8) 	adaptability to liquid trans- 
port, (9) product use (whether in manufacturing 
or for final consumption), (10) inventory control 
system (single or multiple item), and (II) stock- 
out consequence (net cost, contribution loss, prob- 
ability of increasing loss with each day of output, 
etc.) 

 Transport level of service 	Pertains to mode, com- 
modity, and shipment size. 	Component variables 
include (I) waiting time for shipment to begin, 
(2) travel time or elapsed time between origin 
and destination, (3) time reliability, (4) the in- 
cidence of loss and damage, (5) the transport 
tariff charged by the carrier, (6) other costs in- 
curred in making the shipment (such as pack- 
aging), (7) 	distance shipped, (8) 	frequency of 
service (fixed or flexible service, number of con- 
venient scheduled shipping times), 	(9) 	routing 
availability and restrictions, (10) completeness of 
service (or number of transfers or interchanges 
involved), (11) modal operating constraints (such 
as 	minimum shipment size 	requirements, 	and 
availability 	and condition of equipment), and 
(12) special services that may be required (e.g., 
refrigeration) - 

Hartwig and Linton (C-18) attempted to gather their own 
disaggregate-level freight data base for modal split analysis 
and concluded that either carriers and shippers do not 
collect the data in any form, or if they do, they are gen-
erally very reluctant to prQvide the information without 
strict guidelines for its use. 

It is still not at all clear that disaggregate data acquisition 
warrants the associated additional time and cost required. 
Proponents of the disaggregate approach argue that high 
levels of aggregation are usually also highly heterogeneous 
in composition. However, heterogeneity may not be so 
serious a problem in statewide analysis. 

Some advocates of the disaggregate approach argue that 
certain variables (i.e., inventory-related variables) affecting 
mode choice are not suitable for use in models based on 
higher levels of aggregation. Conceivably, these variables 
could be incorporated into aggregate models if the prob-
lem of heterogeneity did not exist. 

Clearly the debate over disaggregate versus aggregate 
analyses will continue for some time; but considerable im-
provements can still be made in freight modal split analyses 
within existing data limitations. 

Further experimentation with aggregating commodities 
and zone structures into homogeneous groupings is pos-
sible. Two investigators (Kullman (C-41) and Tucker 
(C-27)), in particular, have experimented with the possi-
bility of forming aggregate homogeneous commodity groups 
that were different from the SIC 2- or 3-digit commodity 
codes used to compile Census of Transportation data. 

Further experimentation with the various types of 
mathematical formulations for estimating mode split shares 
is definitely warranted. This is addressed in the next section. 

Models should be developed for a particular type of 
analysis. Models are not intended to be comprehensive; that 
is, analyses of mode choice are dependent on the degree of 
aggregation desired. To illustrate, a macro-level analysis, 
based on one or two independent variables for predicting 
aggregate modal share, may be satisfactory for national 
studies but completely unacceptable at the level of indi-
vidual origin-destination pairs. Likewise, a model designed 
to analyze a particular commodity flow may be appropriate 
for some studies but too detailed for a general national-level 
study. 

FREIGHT MODAL SELECTION MODELS 

The purpose of mode selection models is to allocate 
freight demand among competing modes. Given the 
amount of freight, X, to be transported from an origin, 

to a destination, j, for a specific time period, the mode 
share, Tjjk, becomes the amount of freight transported from 
origin ito destination j by mode k. The general form of the 
freight modal selection model is: 

Tijk = Pk (Xjj) -X 	 (C-2) 

and 

Pk(XU) = f(C, T, 5, M) 	(C-3) 

in which 

= tonnage of freight shipped by mode k from 
origin i to destination 3; 
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Pk(Xi) = percentage of freight shipped by mode k from 
origin ito destination j; 

Xj j  = total tonnage of freight shipped from origin i 
to destination j within a specified time period; 

C = commodity related attributes; 
T = transport level of service attributes; 
S = shipper attributes; and 

M = market attributes. 

Because the sum of freight flows for each mode must 
equal the total amount of freight shipped, the constraint of 

Tjjk  = Xi j 	 (C-4) 

must also apply to Eqs. C-2 and C-3. 
Freight mode split is a major component of the larger 

process comprised of demand estimation, distribution, mode 
split, and network analysis. Most of the models discussed 
in this section focus on mode split only; a few also incor-
porate demand estimation and distribution into a single 
package. Obviously there is a strong need for compatibility 
between the demand estimation and mode split phases, 
something which has not been achieved to date. 

The general characteristics of the eight types of mode 
split models discussed in detail are given in Table C-2. 
Physical distribution system and micro-level logistics mod-
els are not included because there is some doubt whether 
they would be useful in the macro-scale planning charac-
teristic of statewide systems planning (C-53). Each model 
is discussed in terms of its (1) type, (2) general formula-
tion, (3) application, (4) data requirements, and (5) 
evaluation for use in statewide transportation systems 
planning applications. 

Multistage Procedure (Simultaneous Equations) 

The first model examined was conceived in 1967 by 
Mathematica (C-19) for the Northeast Corridor Trans-
portation Project (NECTP). The modal split function was 
a part of an econometric model that combined the freight 
demand estimation with the modal split function. It was 
referred to as "the macro-economic approach," which uti-
lized a series of simultaneous equations in a multistage pro-
cedure to provide forecasts of Tjjk,  the tonnage shipped 
from i to j by mode k. Time period and commodity type 
could also be incorporated into the model. The model be-
gan with a forecast of total demand in the study area for 
a specified time period and, through a sequence of dis-
aggregations, estimated the flow of goods from particular 
origins and destinations by mode. 

Type of model. Varies—a multistage approach that be-
gins with a macro-aggregate forecast and, through a sequen-
tial procedure of simultaneous equations, ends with a micro-
disaggregate estimate of freight flows. 

General formulation. A system of simultaneous equa-
tions, whose form is not explicitly given. 

Application of model. None. 
Data requirements. Depend on the stage of analysis. The 

macro-aggregate level requires socioeconomic variables such 
as population, regional economic measures, and area char-
acteristics. The micro-disaggregate estimates depend on 
various modal, commodity, and transport system factors. 

The precise data requirements were not addressed, but the 
report recommended multiple regression analysis as a way 
of determining which explanatory variables are significant. 
Data would have to be collected for various degrees of 
aggregation. 

Evaluation. The "macro-economic approach" has not 
been developed to the degree necessary to allow a detailed 
appraisal of the methodology; however, a few observations 
can be made. First, utilization of a stepwise procedure 
enables the user to take maximum advantage of the avail-
able information. In other wocds, the estimation process 
will be carried out to the level allowable by the data set. 
If only general aggregate data are available, the model will 
produce only aggregate freight flow measures. Likewise, 
the more detailed the information, the more detailed the 
results. Second, an econometric model that can combine 
both demand estimation and mode choice in a continuous 
process has certain desirable attributes over two distinct and 
separately conceived models. The principal advantage is 
the compatibility of data and outputs of the demand model 
with the input to the mode choice model. Third, Mathe-
matica recognized the need for disaggregate data (such as 
commodity and transport link characteristics) to forecast 
mode selection for explicit freight flows between two areas. 

Inventory Theoristic Model 

Mathematica (C-19) and Graves (C-20) both developed 
models based on inventory theory. Graves' "shipper pref-
erence" model was designed to estimate traffic diversion 
between two competing modes (rail and motor carrier) that 
resulted from proposed freight rate reductions. The com-
puterized model was developed for the U.S. Bureau of the 
Budget using only data in ICC Docket 7027, a celebrated 
rate reduction case successfully defended by the eastern 
railroads. The model attempted to determine the size and 
kind of shipments necessary to re-supply depleting stock 
inventories due to estimates of future demand. Mode 
choice was based on relative shipping costs (the cost of 
replenishing inventory stock levels). A shipper's modal 
preference was determined by selecting the mode that 
minimized the total cost of maintaining adequate inventory 
levels. 

Mathematica also proposed a model for estimating 
freight modal allocation through application of theoretical 
micro-economics and inventory theory. Through use of 
shippers' indifference curves (iso-cost equations), the model 
was able to predict the choice of mode by which a freight 
shipment would be transported. 

Indifference curves are a way of diagramming a shipper's 
perceived trade-off between two or more variables. Mathe-
matica chose speed and economy as the modal attributes 
that characterized a means of transportation, where speed 
and economy are reciprocals of transit time and freight rate, 
respectively. Figure C-I shows how indifference curves are 
used to determine mode selection. 

In Figure C-I, AA' and BB' are two individual shipper's 
indifference curves. The curves show that shipper B is more 
concerned with the stability of the freight rate charged than 
shipper A, due to the inelasticity demonstrated in his iso-
cost curve. Points 1, 2, and 3 represent three alternative 
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TABLE C-2 

FREIGHT MODAL SPLIT MODELS 

MODEL 
TYPE 	TITLE 	 REFERENCE 	 YEAR 	DESCRIPTION 

Conceptual; not applied; simultaneous equations in 
stages (general-specific). 

Based on inventory information and relative shipping 
costs. 

Variables: inventory costs, shipping costs, value of 
time, commodity type. 

Variables: commodity, travel time, standard rate. 
Variables: length of haul, relative freight pricing 

ratios, size of shipment. 
Variables: size of shipment, distance, type of com-

modity, geographic area (not significant), plant 
size (marginal). 

Variables: coal production and general economic 
measures (GNP, durable manufacturing index) to 
estimate rail freight volume. 

Freight distribution of modal shares by average dis-
tance of shipment. 

Strategic factors: length of haul, circuity factor, 
quantity moved, bulk or nonbulk character, com-
modity value, location of establishments, and mode 
seasonality factor to estimate domestic waterborne 
mode share. 

Variables: industrial character index, number of 
modes, transit time, transportation costs. 

Variables: reliability, rransport cost, distance. sizc 
of shipment, weight and number of shipments. 

Variables: reliability, relative shipping cost, relative 
transit time, relative frequency of service between 
mode investigated compared with best service 
mode. 

Variables: relative cost, relative transit time, em-
pirically determined parameters. 

Proposed for aggregate level of detail analysis. 
Abstract commodity approach. Variables: weight of 

shipment, distance shipped, value per ton, rate 
charged for shipment. 

No information. 

Variables: shipper costs, commodity, distance, own-
ership, size of shipment. Constraints: route avail-
ability, capacity of links. 

Variables: link performance measures (waiting time, 
travel time, variability in travel time, probability 
of loss or damage), and transport cost and com-
modity cost attributes (cost of waiting, traveling, 
uncertainty, value, rate factor). 

Variables: commodity attributes (loading character-
istics, susceptibility to loss or damage, volume of 
traffic, regularity of traffic, nature of equipment 
required, route characteristics), distance, operat-
ing characteristics (weather, geographical), traffic 
density. Constraints: demand satisfaction, ca-
pacity, logistic system. 

Variables: shipping costs by vehicle type, handling 
charges, commodity, annual shipments, length of 
haul. 

Variables: average shipment weight, distance, plant 
employment. 

Variables: travel time, rate, shipment weight, market 
price. 

Variables: annual tonnage, distance, average travel 
time, shipment size, rate, alternative rate, handling 
cost. 

Variables: rate, shipment size, travel time, handling 
cost, distance, annual shipments. 
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MODEL 

TYPE 	 TITLE 

(e) - 	 U.S. Army (C-38) 

- Hartwig and Linton 
(C-is) 

- ClOUT (C-26) 

Logit 	(a) - Drake (C-Si) 
- Kullman (C-41) 

- Hartwig and Linton 
(C-IS) 

- MIT (C-52) 

- 	 TSC (C-27) 

- 	 ClOUT (C-26) 

Probit 	(a) - 	 Hartwig and Linton 
(C-IS) 

1974 Variables: 	travel time, average shipment size, han- 
dling cost, distance. 

1974 Variables: 	travel 	time, 	rate, 	reliability, 	value 	of 
commodity. 

On-going No information. 

1972 Proposed for disaggregate analysis. 
1973 Variables: tonnage, mileage, commodity value, rela- 

tive freight rates, travel time, reliability. 
1974 Variables: 	transit time, inventory, storage require- 

ments, reliability, safety stock, value of commod- 
ity, rate. 

1975 Proposed; not applied. 	Variables: 	some combina- 
tion of attributes in categories of transport system 
level of service, commodity, market, shipper group- 

- ings; plus measures of frequency and average 
weight of shipments. 

1975 Variables: 	value per ton, weight of shipment, dis- 
tance, rate. 

On-going No information. 

1974 Variables: 	travel 	time, 	rate, 	reliability, 	value 	of 
commodity. 

REFERENCE 	 YEAR 	DESCRIPTION 

means of transportation that display various modal charac-
teristics. For example, point 2 is above and to the left of 
point 3, therefore the mode represented by point 2 will 
provide a cheaper and slower service than the mode repre-
sented by point 3. Likewise, the mode depicted by point 1 
is both more expensive and slower than either of the other 
alternative means of transportation; hence, this mode will 
not be selected by either shipper, assuming all other fac-
tors equal. Point 1 is said to be dominated by points 2 and 
3, and therefore can be eliminated as a likely choice of 
mode of transportation. Figure C-i shows that mode selec-
tion for a particular shipper depends on how well a mode 
fulfills the desires of the shipper. Therefore, shipper A will 
prefer mode 3 over mode 2 because it exceeds the expecta-
tions set by his iso-cost curve, AA'. On the other hand, 
shipper B will select the opposite of shipper A to realize 
the maximum possible utility. 

Indifference curves can be determined through an analy-
sis utilizing inventory theory, where freight in transit is 
considered an essential element of the total variable cost 
of handling goods. Total variable cost in the Mathematica 
model equals the summation of direct shipping cost, plus 
in-transit carrying cost, plus ordering cost, plus recipient's 
inventory carrying cost, and a cost for preventing stock 
"outs" (safety stock cost). To determine the shape of the 
indifference curves, the total variable cost is held constant 
while a dependent variable, such as rate, is altered to deter-
mine the trade-off between the tested variable and one or 
more other variables. 

Type of model. Mathematica's inventory theoretic model 
of modal choice is a micro, disaggregate approach that is 
based on classical micro-economics and inventory theory. 

General formulation. In the Mathematica model, the 
optimal modal choice decision is the one that will minimize  

the shipper's expected total annual variable cost of han-
dling, C. The general formula of the model is 

Cjjk  = rk X1,+ IA t1 X j  + a/S + W S XI2 

+ hV(S  + tk )XIi 	 (C-5) 

in which 

Cj)k = expected total annual variable cost of 
handling a consignment from origin ito 
destination j by mode k; 

r1 X1j = direct shipping cost = (unit freight 
rate) >< (quantity shipped per year); 

Iconony 

(1/Rate) 

speed (1/Transit hee) 

Figure C-I. Sample indifference curves. 
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u tk X, = total in-transit carrying cost 

= (value of time) )< (transit time) X  (quan-
tity shipped); 

a = cost of ordering and processing per 
shipment; 

S = interval between shipments; 

W S X! 2 = recipients' inventory carrying cost 
= (warehouse carrying cost per unit per 

year)X(average inventory level); and 

hV (S + i)X11  = safety stock cost. 

Application of models. The "shipper preference" model 
was calibrated on data from ICC Docket 7027, Paint and 
Related Articles—Official Territory (1959) for consign-
ments of 10 tons (9.07 metric tons) or more each. No 
application of the Mathematica model was cited. 

Data requirements. The Mathematica model would re-
quire an extensive disaggregate data set, including informa-
tion about recipients' demands at destination, inventory 
cost, ordering frequency, shipping costs, transit time, and 
a value of time associated with each commodity or con-
signment shipped. Baumol, the developer of the model, 
gave the following caveat about obtaining this data: "It is 
by no means clear that . . . the requisite data will be avail-
able or whose calculations are reasonably practicable" 
(C-19, p.  26). 

Evaluation. Theoretically, the concept of utilizing micro-
economics and inventory theory to determine modal choice 
has promise. It aids the modeler in clarifying some of the 
underlying relationships of why a shipper selects one means 
of transportation over another. The inventory theoretic 
approach to modal choice helps bring to light the following 
important observations pertaining to the mode selection 
decision-making process: 

Shippers act as discrete units; in other words, each 
shipper can perceive the significance of a certain variable 
affecting mode choice differently. 

Trade-off between time, cost, and dependability must 
be determined. Therefore, a determination of a dollar value 
of time must be made. 

Decisions of mode choice are not dependent solely on 
modal characteristics. 

Although it is most desirable to have a model that can 
incorporate many of these important factors at a disaggre-
gate level, there are three major drawbacks that will prob-
ably prohibit further development and/or application of 
this model. First, information required to run the model 
may not be available to state DOTs. Second, even if it 
were available, it is unlikely that all the necessary inven-
tory data required by the model are being recorded. Third, 
the Mathematica report did not address the issue of aggre-
gation of data. Can the shipping behavior of an individual 
firm be applicable to all firms that exhibit similar charac-
teristics? It is for these reasons that such a "micro-
economic approach" to freight modal choice is unrealistic 
at this time for statewide freight systems planning. 

Regression Analysis (Linear Probability Model) 

Several researchers (C-8, C-21, C-22, C-23) have em-
ployed the mathematically based procedure of regression 
analysis—simple regression or stepwise multiple regres-
sion—to examine freight modal choice. Multiple regression 
has been principally used to determine modal share (e.g., 
percent of traffic carried by rail) for various modal charac-
teristics, or for other modal choice attributes. The process 
of stepwise regression selects and adds independent vari-
ables to the regression equation one at a time until the 
explanatory power of the model is deemed acceptable. The 
determinant that explains the most variation of the de-
pendent variable (probability of mode selection) is selected 
first. Generally, the more variables in the equation the 
more statistically significant the equation is in accounting 
for the variance of the dependent variable. The regression 
equation is usually tested with a cross-sectional analysis of 
historical data. 

Type of model. Regression analysis is a mathematically 
based procedure utilizing statistical measures to determine 
and predict the effects independent variables have on freight 
modal shares. The process fits a regression plane to empiri-
cal data by minimizing the squares of the residuals. 

Regression analysis is not a model per Se; however, it 
can be used as a method of carrying out an analysis of 
modal split. The kinds of independent and dependent 
variables employed by the technique determine the type of 
model. TO illustrate, Sutti and Ebrahiml (C-8) used Census 
of Transportation (C-7) data to develop an aggregate/ 
tactical type of model, whereas A. D. Little (C-21) em-
ployed long-term elements in the regression equations to 
develop an aggregate/strategic model of modal choice. 

General formulation. The general form of a partial or 
multiple regression equation (linear probability model) 
where there are n independent variables is 

Pk(X,J) = a+b1 X1 +b1 X2 +. . .+ b,,X,,+u (C-6) 

in which 

P (Xv) = estimated magnitude of the dependent 
variable; in this case, the probability of 
selecting mode k for a consignment be-
tween origin i and destinatioft j; 

X1  . . . X = independent variables; 
a, b, . . . 	= parameters; 

U = error term. 

Application of model. Surti and Ebrahimi (C-8) used 
regression analysis to predict the modal split of industrial 
traffic (highway and rail carriers). Three types of models 
(two curvilinear and one linear regression) were developed 
and calibrated against Bureau of the Census Commodity 
Transportation Survey (C-24) data. This study concluded 
that "only the multi-variable linear model is considered 
applicable and this model can have industrial and trans-
portation applications. It could be used to predict industrial 
traffic . . . to assist firms in locating their plants, or to 
determine a carrier's appropriate share of tonnage produced 
in a region or by a plant" (C-B, p.  588). 

A. D. Little (C-21) also employed regression analysis to 
forecast domestic waterborne freight movements in the 
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United States to the year 2000. A very significant correla-
tion was found between the historically observed share of 
freight shipped by water and variables of a strategic (long-
term) nature. The repUtE concluded that the decision to 
ship by water is essentially determined by strategic ele-
ments, such as plant locations, rather than such commonly 
used tactical factors as transit time and reliability of service. 

Data requirements. Surti and Ebrahimi (C-8) quantita-
tively studied Census of Transportation data to determine 
the relationship between the highway-rail distribution and 
the five independent variables of distance, weight, type of 
consignment, plant size, and geographical area. Each vari-
able was selected on the basis of how well it met the cri-
teria of independence, explanatory power of the dependent 
variable, and data availability. From the analysis it was con-
cluded that the independent variables of size and distance 
of shipment by commodity group can satisfactorily explain 
the modal distribution between motor carrier and rail 
through the use of regression models. This implies that a 
separate model should be developed for each commodity 
type or group tested. 

A. D. Little (C-21), through an analysis of waterborne 
freight movements, advanced the philosophical view that 
modal choice is chiefly affected by strategic factors. Their 
model incorporated both tactical and strategic variables that 
included length of haul, circuity, total tonnage transported, 
characteristics of the bulk commodity, commodity value, 
and location of producing establishment and consignee. 
Length of haul was determined to be the most significant 
factor influencing water mode's share of freight transported. 

Evaluation of method. Regression analysis seems ideally 
suited for determining estimates of modal choice prob-
abilities, from which total expected mode use can be calcu-
lated. The technique of stepwise regression has become a 
rather common method of determining statistical relation-
ships between dependent and independent variables. This 
process has been computerized, therefore, freeing the mod-
eler from the time-consuming task of manual manipulation 
of data that is so often required in the calibration and 
validation of an analytical model. 

Regression models are descriptive; that is, they attempt 
to explain modal selection behavior through mathematical 
relationships developed from a cross-sectional analysis of 
historical data. Therefore, models of this type are built on 
the assumption that a shippers' behavior will remain the 
same over time. 

The net effect of assuming the status quo in an analysis 
of mode choice is negligible as long as the shipper's per-
ceived values remain about the same over the study period. 

The principle advantages of using regression formula- 
tions are as follows: 	- 

It allows the modeler to investigate the explanatory 
power of independent variables in determining modal share. 

Inclusion of time-invariant and time-dependent vari-
ables is permitted in regression models. 

Variable independence can be tested using this type of 
technique. 

The ranking of independent modal selection attributes 
is a standard output of the stepwise multiple regression 
process. 

The technique of regression analysis can be totally 
computerized. 

The process is simple to understand and apply. 
The process is evaluated principally on statistical mea-

sures, such as the F-value test. 
The regression formulation seems preferable for situa-

tions where fractional modal splits occur, such as would be 
the case with certain pairs of regional aggregates. 

The last statement seems to summarize the true worth of 
using the regression technique for modal selection analy-
sis—in one word, flexibility. Regression analysis has been 
used for freight demand forecasts, predicting modal choice, 
and various sensitivity analyses. Models have been devel-
oped from an aggregate data base, such as the A. D. Little 
computerized modal share model described previously, and 
also models based on disaggregate data, such as the abstract 
mode model discussed later in this section. Regression 
analysis will undoubtedly find a role in statewide freight 
transportation planning, especially modal selection studies. 
However, there are several statistical problems associated 
with using a linear probability model. The most significant 
is the problem of unbounded probability; that is, the esti-
mated conditional probability may produce values greater 
than 1 or less than 0. For this reason, many researchers 
have selected logit or probit models instead of linear prob-
ability models, which bound the estimated probability of 
mode choice always within the range of 0 to 1. 

Abstract Mode Approach 

The abstract mode technique describes a mode by its 
characteristics rather than its name. Although this ap-
proach was initially advanced by Mathematica for the esti-
mation of passenger demand for the Northeast Corridor 
Transportation Project (C-25), the same procedure may be 
directly used for work in freight demand analysis. The 
abstract mode approach proposed by Mathematica (C-19) 
predicts the demand, by mode, for freight transportation 
between specified origin-destination pairs. The pure ab-
stract mode model views demand for freight along any link 
in a network and a particular (abstract) mode as dependent 
on the characteristics of that mode and on key commodity 
attributes. This approach handles the freight generation, 
distribution, and modal split elements as one task. 

Herendeen (C-13) proposed a modified version of this 
model that was later adopted for use in the Department of 
Transportation/National Bureau of Standards multimodal 
network model. This model is very similar in mathematical 
formulation to the original but differs in that it deals only 
with the task of estimation of mode choice. 

In Canada, Turner (C-26) recently completed a compre-
hensive empirical study on freight modal choice procedures. 
This study concluded that the abstract mode technique is 
the method best suited for explaining macro-level mode 
choice decisions under existing data availability limitations. 
As far as can be ascertained, this empirical work is the 
first actual application of the abstract mode model to 
available data. 

Type of model. Inasmuch as the abstract mode concept 
addresses the problem of predicting the mode of transporta- 
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tion between specified origin-destination pairs, this type of 
model can best be classified as microscopic in nature, and 
would require a disaggregate data base. Advocates of the 
abstract mode approach seem to agree that multiple re-
gression analysis is the best technique for developing the 
model. In this situation, regression analysis allows all rele-
vant variables to be considered and determines the relative 
importance of each independent variable. 

General tormulation. The general form of the model 
proposed by Herendeen (C-13) is 

Pk(XjJ) = a, Rk" Cka2  TkaS Fka4 	(C-7) 

with the constraint 

I P, (X1) = 100 	 (C-8) 

in which 

P (X1 ) = percentage of XIJk that will be shipped by 
mode k; 

Rk  = reliability of mode k; 

Ck  = relative cost by mode k 

- ( lowest rate by all available modes 
rate by mode k 

= relative transit time by mode k 

- (lowest time by all available modes 
time by mode k 

= relative frequency of service 

- ( frequency of service by mode k 

- k 	best frequency of service 

= coefficient to be determined by the re-
gression analysis; and 

a, a21  a31  a4  = exponents to be determined by the re-
gression analysis. 

Application of model. Herendeen (C-13) suggests sev-
eral methods of applying the model after calibration. One 
method is as follows: 

Obtain total annual traffic demand estimates by com-
modity for each origin-destination pair. These flows should 
conform with the output of a freight demand model and 
be in the form of X111, expressed in tons of goods h to be 
shipped from origin ito destination j in one year. 

Obtain average size of shipment by dividing annual 
demand, X111, by the number of shipments made within the 
year, No, 

Develop an equation that determines the rate per ton 
by commodity for all available modes as a function of dis-
tance and shipment size. Distance for origin-destination 
pairs can be obtained from actual routing data or from a 
traffic assignment model. 

Determine relative transportation costs by taking the 
lowest cost of all available modes as the common numerator 
and the costs of each mode as denominators. 

Relative transit times estimates are determined using 
a procedure similar to that described in Step 4. 

Measures of relative service frequencies and reliability 
would then be calculated. 

For each mode k, Pk (X,Ja), will be determined with 
the constraint that the sum of all modes percentage of Xjh 

equals 100 percent. 	 - 
S. Amount of commodity h shipped between origin i and 

destination j by mode kIJh will then be determined by multi-
plying XIJ], by Pk ( Cm,) / 100. 

9. The above process would be repeated for each origin-
destination pair and for each commodity classification 
tested. 

Herendeen's efforts to calibrate the model were hampered 
by limited availability of data. Preliminary testing of the 
model was restricted to just two modes (highway freight 
and rail freight), five commodity groups (all manufactured 
goods), and three independent variables (relative costs, 
relative transit time, and reliability). Calibration of the 
model was based on 1963 Census of Transportation (C-7) 
data. 

Turner (C-26) was fortunate to have at his disposal a 
large bank of disaggregate data on 1970 freight movements 
in Canada via truck, rail, and ship, which was collected for 
the Canadian Freight Transport Model under the sponsor-
ship of the Canadian Institute of Guided Ground Trans-
portation. The data consisted essentially of records of in-
dividual freight consignments. Information contained on 
each record included inude uf tfausportation, origin and 
destination terminals, distance shipped, transit time, size 
and commodity group of shipment, and a measure of the 
unit value of commodity shipped. Preliminary testing of 
the model was restricted to a small sample of selected 
freight movements that were thought to exhibit competitive 
modal characteristics. Lack of information on reliability of 
service measures caused some problems in the calibration 
of the model. 

Data requirements. Herendeen identified the following 
eight variables that are significantly related to the freight 
modal split task, based on a review of related literature and 
an awareness of the shipper decision-making process: 

Cost of the transportation service to the shipper. 
Quality of service provided by carriers. 
Type of commodity shipped. 
Size of shipment. 
Distance shipped. 
Time spent in transit. 
Reliability regarding delivery schedules. 
Frequency of service. 

He noted that, because of the expense of data collection, 
a careful analysis of all possible variables is required to 
uncover any interrelationships (correlations) that would 
allow a reduction in the total number of independent vari-
ables. To illustrate, weight and distance of shipment are 
interrelated with transport cost. Distance affects the car-
rier's variable costs, which increase with length of haul, 
thus the rate charged becomes a function of distance. The 
weight of shipment can also affect costs, as demonstrated 
in the complex rate structures of each mode. The effect of 
distance and weight on rates is not linear; that is, costs do 
not increase in direct proportion to distance or size but 
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increase at a decreasing rate. Based on this rationale, 
Herendeen concluded that transport cost can be substituted 
in the model for the variables distance and weight of 
shipment. 

A similar examination of each variable led to the reduc-
tion of variables from eight to five. The independent 
variables used in the model were commodity type, relative 
costs, relative service frequencies, relative transit times, and 
reliability. Commodity type was not entered as an inde-
pendent variable in the model because the relative ranking 
of variables would be different for different commodity 
groups. To illustrate, transit time and reliability of service 
are much more critical to shippers of perishable commodi-
ties than to shippers of bulk, low-value goods. Therefore, 
it would be necessary to calibrate a separate regression 
analysis for each commodity classification studied. This 
means that if 25 groupings of commodities are used, there 
would be 25 separately developed models for predicting 
modal split. This is clearly undesirable. 

}{erendeen attempted to calibrate the model with limited 
success. Data regarding frequency of service were not 
available, and therefore were not included in the pre-
liminary testing of the model. Several sources were used 
to supplement the 1963 Census of Transportation (C-7) 
information to obtain the necessary data. Preliminary test-
ing was limited to only five commodity groups as defined 
by the Standard Transportation Commodity ClassIfication 
(STCC) with data aggregated to the national level. 

Evaluation of method. The abstract mode approach to 
freight modal split analysis offers several unique advan-
tages. Using this approach a mode can be described by its 
characteristics instead of its name, allowing for examina-
tion of new transportation technology or new modes by 
merely specifying a few of the important modal attributes 
without referring to its physical form. This modal selec-
tion process can evaluate the sensitivity of the mode split 
decision to changes in a mode's travel time or cost. The 
information is useful for evaluating the impacts of policies, 
such as revisions of the freight rate structure or provision 
of capital investment subsidies for updating and improving 
a particular means of transportation. Also, the model has 
been structured in a mathematical form that is familiar to 
most. Multiple regression analysis has been used with ac-
ceptable results in numerous studies related to other aspects 
of transportation planning, such as trip generation and 
demand estimation. 

There are three major drawbacks of the abstract mode 
concept in its present form. One is the lack of considera-
tion given to commodity type. Because the model contains 
no commodity attributes and because Herendeen's efforts 
indicate the presence of commodity-specific influences, it 
would be necessary to calibrate a model for each com-
modity type or grouping studied. Although this is un-
desirable, it may be the only practical way of modeling 
freight modal choices. Turner has tried to add commodity 
characteristics to the model as dummy variables to help 
eliminate this problem. 

The Transportation Systems Center in Cambridge, Mass. 
recently tested two types of modal split models (C-27), 
one of which has been classified as an abstract commodity  

approach. Based on a premise similar to that of the ab-
stract mode approach, the abstract commodity approach 
can determine mode split decisions from commodity char-
acteristics. The model used weight of shipment, distance 
shipped, value per ton, and rates charged for shipment as 
independent variables. 

The second disadvantage involved the problem of de-
fining the "best" mode. What is the "best" mode of trans-
portation? To illustrate, the rail rate per ton charged for 
a large shipment of a commodity may be cheaper than the 
rate per ton charged for truck transport, but the reverse 
may be true for smaller shipments. Care must be ex-
hibited to avoid including such ambiguities in the model. 

The third problem area involved inter-modal effects. 
There is no apparent way of affecting the modal share of 
traffic carried by the "best" mode. The model is formu-
lated in such a fashion that only changes in the "best" mode 
will affect that mode's share of the market—changes in an 
inferior mode, such as lower rates, will still not alter the 
traffic moved by the "best" mode. 

Linear Programming 

Several researchers (C-27, C-29, C-30, C-31) have in-
vestigated the use of operations research techniques as a 
means of describing and replicating the mode choice selec-
tiuii process of shippers. Linear programming is a tech-
nique that optimizes systems performance through mathe-
matical solutions. The linear programming formulation for 
the shipper's selection among alternative modes assumes 
that mode choice is a constrained minimization problem. 
A linear programming model is comprised of an objective 
function and a set of constraints that bound the solution set. 

In a modal split analysis, the objective function is usually 
a cost equation minimized. This transport cost equation is 
not limited to the actual tariff paid by the shipper, but may 
also include the cost to the shipper of less easily quanti-
fiable elements—such as inventory costs, ownership costs 
(the shipper's cost of having capital tied up in shipment), 
cost of spoilage, and loss and damage costs—as a function 
of the amount of time the shipment is in transit. Each 
mode of transportation has associated with it different cost 
attributes, which are reflected in the objective function. 
The process selects the mode of shipment that provides the 
lowest cost option, given that a set of demand and systems 
constraints are all met satisfactorily. 

To illustrate how linear programming can be applied to 
an analysis of freight modal selection, the research effort 
of Tripp (C-28), which was concerned with the economic 
consequences of establishing multimodal transportation 
companies (C-28, p. xi) is examined in greater detail in 
the following. 

Type of model. Linear programming is a mathematically 
based procedure that has been used primarily as an op-
timizing system technique. The modal split model devel-
oped by Tripp is classified as a micro-aggregate type of 
model. 

General formulation. The linear programming formula-
tion developed by Tripp (C-fl) for determining the ship-
per's selection among alternative modes is: 
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Objective function 

Min Z = t j  E [r,1  T11  + T2 T21  + r3jj  T31  + r41j  T4 ] 

(C-9) 

Subject to: 

Demand satisfaction 

	

T 13  + T21  + T.11  + T41  = X,, for all i and j 	(C-b) 

Capacity constraints 

T113  + T21 	Y1 + Y21i for all i and j 	(C-il) 

Ii  Y j  T31 	 (C-12) 

£ YI  T21 	- t j  Z j  T:jjj 	(C13) 

T:i i j 	for all i and j 	(C-14) 

T 41 	for all i and j 	(C-15) 

Logistics system constraints 

T J  + T 213  + T jj 	W for all i andj 	(C-16) 

for all i and j 	(C-il) 

Z1  for all i and j 	(C-18) 

XI3k rO 	 (C-19) 

in which 

= amount of freight moved from origin i to desti-
nation j by mode k; Is = I when the movement 
is by common carrier truck, 2 and 3 when the 
movement is by alternative TOFC/COFC plans, 
and 4 when the movement is by rail; 

TIJk = tariff, as a rate per hundredweight, charged by a 
carrier for moving the product between i and j 
by mode k; 

= demand for transportation service between origin 
i and destination j; 

Yok = capacity, in hundredweight, allocated by mode k 
for movements between i and j; 

Fit  = amount of flatcar capacity the railroad has avail- 
able for both types of piggyback movements; 

Wij  = amount of traffic that must be loaded into truck 
trailers at i for movement to j; 

Uu  = amount of freight that must be shipped by rail 
due to some shippers' logistics constraints be-
tween i and j; and 

= quantity of product that must be shipped by truck 
over-the-road between i and j; again this is a 
predetermined logistical constraint set by the 
shippers. 

Application of model. Tripp (C-28) used the technique 
of linear programming in predicting the shippers' modal 
selection to provide necessary inputs for examining the 
economic consequences of establishing multimodai trans-
portation companies. 

Truck, piggyback, and rail traffic estimates were made 
under each organizational approach; that is, a multi-mode 
transportation company versus single-mode carriers. A 
mathematical simulation model was developed to analyze 
two hypothetical situations to determine what effects vari-
ous combinations of parameters or test factors would have  

on a transportation company formed from single-modal 
carriers. 

To simplify the analysis, Tripp limited the hypothetical 
transportation system considered to two modes, highway 
and rail, including piggyback movements. Also, the analy-
sis was restricted to one product with average commodity 
characteristics which is subject to intermodal competition 
between a small number of origin-destination pairs for a 
single time period. 

Data requirements. The data used in Tripp's study were 
hypothetical. The model required both exogenous and en-
dogenous types of variables. "Exogenous variables are the 
independent or input variables of the model and are as-
sumed to have been predetermined and given independently 
of the system modeled. Endogenous variables (decision 
variables) are the dependent or output variables of the sys-
tem and are generated from the interaction of the systems 
(model's) operating characteristics" (C-28, p.  10). 

Tripp's efforts were based on the hypothesis that a shipper 
and a carrier will always try to minimize their total cost of 
shipping a consignment between two points given that the 
method of transportation does not violate the shipper's 
logistics constraints. 

Variables mentioned that affect the cost of movement 
are: 

I. Exogenous variables: 

Uncontrollable commodity characteristics; 
Loading characteristics. 
Susceptibility to loss and damage. 
Volume of traffic. 
Regularity of traffic. 
Nature of equipment required. 

Uncontrollable route characteristics: 
Distance. 
Operating conditions (geographical and 
weather factors). 
Traffic density. 

Uncontrollable demand for transportation: 
Amount of traffic captive to a specific means 
of transportation. 

Controllable exogenous variables: 
Carriers' scheduling operations. 

2. Endogenous variables (decision variables): 

 Quantity shipped. 
 System capacity constraints. 
 Tariff charged to shippers. 
 Commodity. 
 Route. 
 Competition. 

Data on cost of moving goods were required and were 
composed of a profit margin, fixed and/or common costs, 
and out-of-pocket costs. Out-of-pocket costs were sub-
divided into four component costs: line-haul costs, pick-up 
and delivery costs, terminal costs, and billing costs. 

Evaluation of method. Tripp recognized that many vari-
ables could affect the shippers' modal selection decision 
policy. These parameters may be classified as environmen- 
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tat, commodity, and route factors. The mathematical simu-
lation model developed by Tripp (C-28) unfortunately only 
included parameters related to route. Commodity factors 
were not addressed in this study for the sake of simplicity. 
Validation of the model results with actual data was not 
possible due to the hypothetical nature of the study and 
lack of information. 

Linear programming models view the modal selection 
decision process as a constrained minimization problem that 
is bounded by shippers' logistics constraints. This type of 
model will always select the mode of transportation with the 
lowest cost, given that the system constraints are met. The 
major drawbacks with using linear programming models 
are: (I) commodity attributes are not included; (2) the 
inclusion of unquantitative factors, such as dependability 
of service, is difficult; and (3) the accurate specification of 
system constraints is questionable. 

The principal advantages of linear programming include 
a well-documented methodology that (1) is computerized 
and (2) enables the user to restrict the modal options avail-
able to the shipper. This constraint mechanism is a key 
element in the linear programming process. It allows the 
modeler to specify modal preferences. Freight flows are 
similar to passenger movements; some movements are cap-
tive to a, specific mode and some are not. Linear program-
ming provides the means of describing this observed modal 
characteristic as part of the model itself. 

Discriminant Analysis 

Discriminant analysis is a multivariate statistical tool that 
has been used to classify freight traffic among different 
modes of transportation. A model based on this approach 
can assign or classify a consignment to one of several modes 
with a minimum of error on the basis of specified charac-
teristics of the consignment. This is accomplished through 
use of a linear discriminant function that is comprised of 
a linear combination of explanatory variables. 

Figure C-2 shows graphically the intrinsic properties of 
the discriminant function method of estimating modal 
choice. If the frequency distribution of the shipper's 
modal-choice characteristics is known for each mode of 
transportation, for a given consignment a disutility value, 
Z, can be computed and the probable mode of transporta-
tion predicted. If the computed value of Z is greater than 
Z1, mode 2 is likely to be selected; if Z is less than Z', 
mode 1 will probably be selected. In Figure C-2, the two 
distributions are obviously separated. However, there could 
exist an area of misclassification where the tails of each 
distribution overlap, as indicated by the shaded area. There-
fore, the ideal discriminant function is the one that mini-
mizes the number of misclassifications of consignments to 
their observed means of transport. 

Type o/ model. Discriminant analysis was designed to 
function as a classification model. This statistical analysis 
technique is ideally suited for binary modal choice analysis 
but can be applied to more modes if needed. Discriminant 
analysis is usually grouped along with probit and logit 
analyses in the general category of disaggregate, behavioral 
binary modal choice models. 

General /ormu/atjon. The discriminant function for a 
two-mode choice can be written 

Zij = LX - ½ (X1 — X)J S-1  (X' -T) 	(C-20) 

in which 

Z1  = linear discriminant function value; 
X = the vector of characteristics of a given mode 

and/or commodity to be used to categorize a 
consignment as using mode i or mode j; 

X1, XJ = the vector of mean characteristics of all ship- 
ments that use i and j, respectively; 

= the inverse of the estimated variance-covariance 
matrix of X characteristics of a mode and/or 
commodity within each mode; and 

[]= the transpose of the vector expression within 
the brackets. 

If there are only two modes, i and j, the discriminant 
function can classify a consignment in accordance with the 
following rule: if Z 	0, the consignment is classified as 
a user of mode i; otherwise, the consignment is classified 
as a user of mode j. 

A number of methods can be used to test the statistical 
significance of the discriminant function. The F-statistic 
can be used to test if the sample size is adequate. A "con-
fusion matrix" can determine the ability of the discriminant 
function to classify correctly. The "confusion matrix" dis-
plays in matrix form the number of correct classifications 
and the nuncber of misclassifications. Chi-square tests in-
dicate if the differences in modes of transportation are 
significantly different. 

Two critical assumptions must be made when using dis-
criminant analysis: (I) the distributions of the variables 
are multi-variant normal and (2) the variance-covariance 
matrices of the two sets of variables are the same. Stopher 
(C-33) and Warren (C-34) ,have suggested a variation of 
the aforementioned methodology that transforms the linear 
discriminant function into a probability function. 

Application o/ model. Several investigators (C-is, C-35, 
C-36, C-37, C-38, C-39) have emplctyed the technique of 
discriminant analysis to examine freight modal choice. 

Miklius (C-35) tested the feasibility of using linear dis-
criminant functions to estimate the allocation of freight 

Disutility Vilue (Z) 

Figure C-2. Discriminant function method. 
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traffic between different modes of transportation. The mode 
choice examined was rail vs truck. The model was cali-
brated on aggregated freight data for one commodity, 
frozen vegetables, from the 1963 Censusof Transportation 
(C-7). The discriminant function formulated for predict-
ing individual mode choice decisions was: 

Z = 0.0053 X, + 0.00013 X. - 0.00017 X3  0.00004 X4  
(C-21) 

in which: 

Z = probability of making a rail shipment; 
= shipment weight, in 100,000 Ib; 

X. = distance, in 100 air-miles; and 
X3, X4  = dummy variables for employment size of the 

originating plant as a proxy measure for rail 
availability. 

Statistically, the variables weight and distance were found 
to be significant, whereas the plant size has little, if any, 
significance in connection with this study. This work was 
important because it was one of the first attempts to dem-
onstrate application of discriminant analysis to freight mode 
choice modeling. Miklius' study was not without its limita-
tions. He cautions about application of his model to other 
commodities because the model was based on only one 
commodity. He also points out that data requirements are 
an important limiting factor to the accuracy of the dis-
criminant model. Results of the study were moderately 
successful in predicting mode choice accurately. 

Hartwig and Linton (C-18) also experimented with dis-
criminant analysis to model individual shipper's mode 
choice between truck and rail. Using a disaggregate data 
base in the form of audit copies of freight bills from a 
shipper of consumer durable household manufactured 
goods, they attempted to improve the precision of the 
discriminant model. Their conclusions were that the dis-
criminant model was quite sensitive to data changes and 
that logit and probit analysis appeared to be more stable 
and better classifiers of individual freight shipments than 
discriminant analysis. In the model forms tested, modal 
cost and commodity value were found to be important (sta-
tistically significant) in a shipper's mode choice. Transit 
time and reliability were not statistically significant vari-
ables in their discriminant formulation; this they hypothe-
sized was due to individual processing of the data. They 
concluded that further testing of discriminant analysis was 
warranted on a wider variety of commodities, for a larger 
number of different shippers, and for different degrees of 
data aggregation, if the data could be gathered. 

Three other researchers—Antle and Haynes (C-36), 
Sasaki (C-37), and U.S. Army Corps of Engineers (C-38) 
—have also applied discriminant analysis principally to esti-
mating barge transportation demand. In all cases, the 
models developed were calibrated on a small data set and 
utilized a series of computer programs for displaying the 
results of the discriminant function. The most recent of the 
three studies is by the U.S. Army Corps of Engineers. Their 
work, which was an expansion of Antle and Haynes' efforts, 
covered a wider geographical sample area (Arkansas River 
area), more modes (barge/rail/truck), and more com- 

modity groups (six 2-digit SIC commodities) than that of 
their predecessor. After preliminary testing, the following 
conclusions on discriminant analyses were made: 

Development of a (disaggregate) data base is difficult. 
Although the model was tested on six variables (travel 

time, shipment size, rate, annual shipments, handling cost, 
and distance), fewer numbers of variables could be used 
and still produce acceptable discriminant results. 

The rank order of variables can be different, depend-
ing on the commodity group tested. 

The discriminant function does have the ability to 
correctly classify individual shipment by mode of trans-
portation. 

A single aggregate group discriminant function prob-
ably would not select the correct mode for different com-
modity groups. 

Computer use in discriminant analysis appears to be 
a very efficient way of analyzing data. 

Discriminant analysis models appear to be a relevant 
tool of analysis for use in many water resource projects. 

Data requirements. Of the previously mentioned studies, 
only Miklius (C-35) applied discriminant analysis using 
aggregated freight data-1,529 shipment records for frozen 
vegetables from the 1963 Census of Transportation (C-7). 
Model data requirements were shipment weight, distance, 
and employment size of the originating plant. Although 
the performance estimates of Miklius' discriminant model 
were only fair, Miklius still concluded that discriminant 
functions appear to be a better multi-purpose estimator 
function than any of the freight rate functions (simple 
linear regression models) that he could develop. 

Hartwig and Linton (C-18) attempted to obtain dis-
aggregate data from both carriers and shippers. Due to 
data collection problems, their data gathering efforts cul-
minated in obtaining disaggregated data from just one 
source, that of a manufacturer of household consumer 
durable goods. This data base consisted of 1,213 audit 
copies of freight waybills for both rail and truck shipments 
of consumer durables. These waybills included the follow-
ing information: 

Mode of transportation (truck or. rail). 
Shipment origin and destination. 
Date shipped and received. 
Freight rate and total freight tariff. 
Weight of shipment. 
Routing information. 
Type and number of pieces of the commodity being 

shipped. 

From this information they were able to determine distance, 
transit time, modal freight changes, value of the commodity 
shipped and a measure of reliability (the difference in the 
standard deviation of the transit time distributions). These 
variables, which were believed to be important to shippers' 
mode choice, were selected for use in testing their model. 

In the barge transportation studies (C-36, C-37, C-38), 
shipper surveys were used to collect data. Relatively few 
firms were surveyed in each study. The largest data base 
obtained contained 194 individual observations (commodity 
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movements). Each observation used included the follow-
ing six characteristics: annual tonnage shipped, average 
shipment size, transit time per shipment, tariff, distance, 
and handling cost. 

Evaluation of method. Discriminant analysis is a statisti-
cal technique that has been used to model the individual 
firm's mode selection process by constructing linear func-
tions that describe the characteristics of each mode of trans-
portation. This disaggregate type of model can incorporate 
monetary as well as nonmonetary factors to produce near-
perfect internal allocations of selected commodity move-
ments among modes. To date, discriminant analysis has not 
been used extensively due to the scarcity of data at the 
required level of detail. Nonetheless, the aforementioned 
studies (C-18, C-35-C-39) have demonstrated that dis-
criminant analysis can be applied to detailed analysis of 
freight modal choice. However, three major shortcomings 
prevent wider use of discriminant analysis for micro-level 
or macro-level policy analysis, as follows: 

General lack of commodity attrihiites within the model, 
which means that a separate model would have to be cali-
brated for each commodity group studied if the desired 
model is to be related to particular goods. 

The model's sensitivity to data change. Hartwig and 
Linton concluded that "the discriminant formulation is 
quite sensitive to data changes" (C-18, p.  91). 

The problem of gathering sufficient quality and quan-
tity of disaggregate data necessary to calibrate, test, and 
apply discriminant formulations to freight modal split 
analysis. 

Logit Analysis 

Logit analysis, originating in the field of biometrics, is 
a statistical technique that recently has been used exten-
sively in the field of disaggregate passenger travel demand 
modeling. Detailed discussion of the logit form and dis-
aggregate modeling is given by Ben-Akiva (C-40). The 
multinomial logit model has two important and essential 
characteristics. The first is that the estimated probability 
of mode choice always lies within the range of 0 to 1, 
eliminating the unbounded probability problem inherent in 
using linear probability functions. The second logit charac-
teristic is that the sum of the probabilities of the choice of 
each of the mode alternatives is equal to 1. Figure C-3 
shows the logit formulation for a binary choice model. 

Type of model. As Figure C-3 shows, the logistic model 
is a nonlinear model that is able to fit a linear probability 
function to a logistic growth curve that is very similar to 
the probit sigmoidal response curve described in the next 
section. 

This logit form for disaggregate modeling was chosen for 
review because of its demonstrated reasonable explanatory 
powers to predict the probability that the shipper will select 
a specified means of transportation from a set of alterna-
tive modes. Freight mode choice models of the logit form 
have been used to predict the truck-rail modal split as a 
function of modal and commodity characteristics using ag-
gregate data by Kullman (C-41), and using disaggregate 
data by Hartwig and Linton (C-IS). 

General formulation. The logit model, in its multinomial 
form, can be written 

'k (X) =(C-22) 
I + e11- ' 

in which 

k (X) = the probability of a shipper choosing mode k 
out of the full set of mode alternatives avail-
able to him. 

U(X) =x0 +x1 X1 +. . . +xX 	(C-23) 

X1, X,, = independent variables, expressed as differences; 
and 

x. = coefficients of X, 

therefore, if Pk  (X) is the probability of choosing mode k, 
the probability of not choosing mode k is 1 - k (X), in 
which 

1 - k (X) = 1/(1 + e" °) 	( C-24) 

The logit transformation of the linear probability func-
tion is written 

/ Pk (X) \ 

	

log0( 	,, 	J =x0  +x1 X1  +. . . + xX 	(C-25) 

	

\ 	k( )/ 

in which the left-side term is called the logit. 
Several procedures lend themselves best to this method 

for estimating the values of the coefficients (x0, x1  . . .. 
among these are the methods of maximum likelihood esti-
mation and the minimum X2  method. A description of the 
method for estimating the likelihood function can be found 
in Hartwig and Linton (C-IS). 

Application of model. Several investigators (C-IS, C-26, 
C-27, C-41, C-42) have designed freight modal split models 
using the logit formulation, as follows: 

Kullman (C-41) to predict rail-truck split for specific 
city pairs and commodity groups. 

Hartwig and Linton (C-IS) to model an individual 

5.0 

0.0 
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Figure C-S. Logit model. 



shipper's mode choice between rail and truck for a single 
commodity. 

Turner (C-26) to test the explanatory and prediction 
powers of the logit model compared with those of a dis-
criminant function and abstract mode approach for deter-
mining mode choice probabilities between rail and truck for 
selected freight shipments in Canada in 1972. 

Tucker (C-27) expanded on Kullman's work to test if 
it is possible to achieve better results by experimenting with 
new ways of aggregating commodity groups and refinement 
of the mathematical formulation used. 

Kuilman used a binary logit model with aggregated 
census data to estimate market shares for rail and truck 
as a function of factors that were believed to influence 
freight modal choice. The logit formulation was tested 
under a variety of aggregations (both commodity and 
geographical) and a number of different variahle combina-
tions to determine which combination would produce the 
best model results. Commodities were grouped by STCC 
2-, 3-, 4-, and 5-digit levels and also by value (low, medium, 
high). Geographic aggregations ranged from the country 
as a whole to shipments between specific SMSA pairs. The 
variables tested in the different model forms included: 
variables not under carrier controls (value per ton of com-
modity, mileage, and annual tonnage) and variables under 
carrier control (freight rates, transit time, and reliability). 

The model with the best results was obtained with a 
modified data sample using 3-digit STCC commodity data 
for specific SMSA pairs, and using commodity value, mile-
age, and annual tonnage as independent variables. The 
form of this model was 

/ Rail share __________ 	 ($/ton) \ 
In çTruck share)= —13.13— 0.941 In ç 

1,000  ) 

f_tons 	 (miles 
1 	

\ 
+ 0.888 In 	0,0001 + 1.52 In 	100 ) 

(C-26) 

for which H2  = 0.337. 
All coefficients are significant at 95 percent confidence 

level. 
Hartwig and Linton (C-l8) in their study used dis-

aggregate individual shipment data from a single source 
for a specific commodity group (consumer durable house-
hold manufactured goods) to estimate truck-rail modal 
split. Using differences in truck and rail transit time, freight 
costs, and reliability with value of commodity as the in-
dependent variables, their empirical results showed that the 
logit formulation was an excellent internal predictor, but 
cautioned against general application of the model to other 
data sets. In their analysis, relative cost, relative reliability, 
and commodity value were all determined to be statistically 
significant to modal choice. The logit formulation in their 
study was preferred over the use of either the probit or 
discriminant analysis models developed. 

Tucker et al. (C-27) were able to achieve much better 
empirical results (H2  ranging from 0.48 to 0.63) using a 
modified version of Kullman's logit model, than Kullman's 
best R2  (= 0.34) with aggregated data similar to that used 
by Kullman. Their model included characteristics of weight 

of shipment, distance shipped, commodity value, and freight 
rate changes. 

Data requirements. Kullman's major data source was the 
Census 01 Transportation (C-7). He developed some crude 
approximations for estimating average transit time. To de-
tdrmine average truck time, he assumed a truck could travel 
for 10 hours.a day at an average of 45 mph. Freight costs 
were calculated from generalized rate estimating regression 
equations. Rail rate equations were based on Rail Carload 
Waybill Statistics (C-43), whereas truck rates were based 
on rate data from Morton's (C-44) waybill study. Kullman 
was unable to determine a suitable index for reliability 
because of difficulties stemming from data aggregation. 

Hartwig and Linton (C-18) were able to collect freight 
bills for both rail and truck from a single source containing 
information for a particular commodity class. 

The major source of data used by Tucker et al. at the 
Transportation Systems Center was the 1972 Census o/ 
Transportation (C-7). The commodity value per ton was 
based principally on Bureau of Labor Statistics wholesale 
price data, supplemented from a variety of other sources. 
Average freight rates were developed for motor carriers 
(common and private), railroad carriers, and air carriers, 
summarized by commodity and mileage blocks. A descrip-
tion of the methodology used to develop these rates is given 
in Appendix 3 of TSC study on intercity freight mode 
choice (C-27). The major data sources used in the develop-
ment of modal rates were: 

I. Truck rates: 

ICC, National Motor Freight Classification 
(NMFC), which presents motor freight com-
modity rates in terms of truckload and less-than-
truckload class rates. 
Trinc Transportation Consultants' Blue Book 
(C-45), 1973 edition, which lists average com-
modity revenue in cents/ton-mile. 

Rail rates: 

(a) Computer sample of 1972 Railroad Waybill Sta-
tistics summarized by commodity and mileage 
blocks. 

Air rates: 

(a) Unpublished report of air carrier revenues by an 
airframe manufacturer, dated 1970. 

Transit time and reliability variables were omitted from 
their analysis due to the difficulty in calculating these vari-
ables at such an aggregate level with census data. 

Evaluation o/ method. Kullman (C41) used a binary 
logit model to determine the feasibility of using disaggre-
gate models for freight modal choice. He concluded that 

the accuracy of disaggregate models is limited due to 
the high sampling variability of the existing data, and 

the aggregation of data can lower the variation among 
observations of certain variables, such as travel time re-
liability, to a point where its inclusion in the model is 
insignificant. Kullman took a very pessimistic view of the 
progress that can be expected in future attempts to develop 
modal split models which achieve high predictive powers. 
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This position was based on the belief that adequate data 
for comprehensive disaggregate modeling will never be-
come available, even for detailed analysis at the micro-
level, due to the difficulty of achieving shipper cooperation 
in obtaining the data, the diversity exhibited in the freight 
market, the unpredictability of shipper behavior, and the 
high cost associated with obtaining the data. 

The work by Hartwig and Linton (C-18) also demon-
strated that the selection of independent variables for dis-
aggregate modeling is very dependent on data limitations, 
the characteristics of the shipper, and the characterisics of 
the consignment being transported. They noted that freight 
carriers generally do not record the needed data for dis-
aggregate modeling and shippers are reluctant to release 
their records because they consider this information to be 
proprietary. They suggested that aggregation of data may 
be a way of circumventing the problem of data collection, 
but by doing this the modeler will undoubtedly lose model 
precision and the ability to measure specific variables 
accurately. 

The third and most recent study that used logit analysis 
to estimate the allocation of freight traffic among modes 
was the work performed by the Transportation System Cen-
ter. They noted that if mode split models are to be used 
to calculate the demand for new modes, the models will 
need to explicitly include rates and service attributes which 
characterize a mode. From their empirical results, they 
concluded that significant improvement over past results 
may be achieved by attempting to group disaggregated com-
modities into more homogeneous groupings, by applying 
the methodologies developed to data at the disaggregate 
level, by refining the mathematical formulations used, and 
by gradually accumulating empirical knowledge concerning 
particular attributes determining mode split. 

Probit Analysis 

Probit analysis, like logit analysis, has been used exten-
sively in the field of biometrics. This statistical technique, 
developed by Finney (C46), can be used in freight modal 
split analysis to determine the relationship between the 
mathematical expectation of selecting a means of trans-
portation and various modal characteristics and commodity 
attributes: Probit analysis provides a means of assigning a 
linear relationship to a probability function. Modal separa-
tion is accomplished through probability functions that can 
be represented by a cumulative normal-distribution fre-
quency curve. This S-shaped curve is usually referred to 
as a sigmoidal response curve (see Fig. C-4). 

Identification of the shipper's threshold response level is 
one of the key concepts of the probit analysis. It represents 
the indifference level where a shipper's preference is equal-
ized in relation to selecting between alternative modes. The 
value X1  in Figure C-4 depicts a shipper's threshold level, 
where any value greater than X1  represents a shipper's 
preference of choice to mode K over an alternative mode. 
The threshold response levels are assumed to be normally 
distributed. 

Type of model. A probit analysis type of model is a 
disaggregate, behavioral binary choice model for micro-
level freight model split analysis. The focus of this type of  

model is on individual behavior rather than aggregated 
zonal modal choice behavior. 

General formulation. The generalized formulation of a 
probit analysis is 

= F (Vk) 	lkfltL2 	(C-27) 

in which 

Vk=JBkXk 	 (C-28) 

= modal choice probability of mode k; 
= independent variables, such as shipment character-

istics; 
Bk  = coefficients; and 
Vk  = shipper threshold value distributed as a normal 

independent random variable with mean = 0 and 
variance = 1. 

Estimation of the coefficient, Bk, is made possible through 
use of the maximum likelihood estimation procedure. 
Further discussion on this type of approach can be found 
inFinney (C-46). 

Application of Model. Tlartwig and Linton (C-18) used 
probit analysis to model the individual shipper's mode 
choice between truck trailer load and rail carload ship-
ments. Their analysis was limited to observations from a 
single shipper for a particular group of consumer durable 
household manufactured goods. As far as can be ascer-
tained, this work is not only the most recent effort in this 
area, but also the only applied work on probit analysis for 
freight modal choice analysis at the disaggregate level. 

Preliminary testing of the model was limited to four 
variable factors, expressed principally as differences. The 
variables used were: (I) the difference in truck and rail 
freight charges, (2) the difference in truck and rail transit 
times, (3) the difference in truck and rail reliability, and 
(4) the value of commodity. The formulation was designed 
to determine the probability of making a truck shipment. 

Tests used to assess the statistical validity of the model 
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Figure C-4. Sigmoidal response curve. 
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were: (1) the t-test to determine the significance of the 
coefficients, (2) the likelihood ratio test to determine the 
significance of the probit function, and (3) the pseudo-R2  
measure for comparing the effectiveness of the model with 
other modeling techniques tested. 

In an attempt to develop the best model formulation, 
three behavioral hypotheses were tested. In the first, only 
time and cost were included as independent variables of 
mode choice; in the second, the reliability measure was 
added; the third included not only all the previous external 
factors but also the shipper controlled measure, the value 
of commodity. Their initial belief was that the function with 
the most number of modal choice variables (the final for-
mulation) would also be the most statistically explanatory 
and the most accurate estimator of mode choice. The 
model was based on a data base comprised of 619 shipment 
observations (134 truck and 485 rail shipments). 

The probit model was able to predict the correct mode 
for shipment approximately 90 percent of the time when 
adopted to classifying individual observations by an arbi-
tary cutoff value. Hartwig and Linton choose the value 0.5 
on the sigmoidal response curve as the shipper's indifferent 
point. 

Hartwig and Linton concluded that the probit analysis 
form is applicable to disaggregate freight mode choice 
modeling. Their analysis showed that binary mode choice 
(truck or rail) is more sensitive to changes in freight rates 
than either changes in transit time or reliability. In fact, 
time in the model used was statistically insignificant. They 
qualified this result as largely due to the severe limitations 
of the data base. 

Data Requirements. Hartwig and Linton originally in-
tended to obtain data from both carriers and shippers. Un-
fortunately, they were unsuccessful in their efforts to ob-
tain carrier shipment data. However, they were able to 
obtain shipper data from a single firm in the form of 1,213 
audit copies of freight waybills for both rail car loads and 
truck trailer loads for a particular commodity class (house-
hold consumer durable goods). From the bills they 
determined: 

The origin and destination of the shipment, from which 
they derived mileage. 

The date the shipment was shipped and received, from 
which they determined transit time. 

The mode of transportation (truck or rail). 
The freight rate and total freight cost charged. 
The type, weight, and number of pieces of the com-

modity shipped, from which they determined value per 
hundredweight of the commodity. 

The micro-level data gathering effort was hampered due 
to two major problems: (I) lack of data availability in any 
form, and (2) the shipper's concern over the confidentiality 
of the data used. 

Four variables were selected for use in their model. 
These were: 

Modal difference in transit time. 
Modal difference in freight cost. 
Modal difference in reliability. 
Value of commodity shipped. 

Transit time was considered important because of the 
perceived capital cost incurred by the shipper when goods 
are tied up in transit. Multiple regression equations were 
developed to determine the values for missing transit times 
based principally on distance. 

Freight costs were used in place of distance and weight-
of-shipment variables, although these variables are implied 
within the freight cost variable. Cost of transportation is 
clearly an important factor in decisions of mode choice. 
Assuming the shipper behavior is rational and other factors 
are equal, he will always choose the least-cost means of 
transport. 

Reliability of a mode or the variability in expected de-
livery time is important to a shipper if it affects his cost of 
maintaining safe stocks or adversely affects customer satis-
faction. There is no simple, easy way of quantitatively 
measuring reliability. Hartwig and Linton used the standard 
deviation in transit times as a measure of reliability. 

Value of commodity was the only internal (noncarrier 
controlled) variable explicitly included within their model. 
This variable, expressed as the retail value per unit of ship-
ment, was determined from the shipper's price catalogue. 
This factor was considered important because it directly 
reflects capital costs incurred by the shipper while the goods 
are tied up in transit. 

The nature and availability of the data preclude the 
inclusion of more variables in their analysis. 

Evaluation of Method, the study by Hartwig and LinTon 
clearly demonstrated that probit analysis can be applied to 
freight modal split analysis. However, their model would 
require expansion if it is to be applied as a micro-level 
policy tool. Shipper attributes and commodity attributes 
should be added to make the model more useful to analyze 
a wider range of commodities. 

Researchers desiring to use disaggregate freight data must 
confront the problem of data availability. Carriers as well 
as shippers usually do not collect or record the type of data 
needed for micro-level analysis. If the data are available, 
the problem of confidentiality must be faced. 

Probit analysis is ideally suited for relating observed ship-
per behavior to factors for determining mode choice be-
tween two means of transportation. Besides the problem of 
data availability, the probit analysis has several major draw-
backs. First, probit analysis requires a more time-consuming 
calibration procedure than most other models. Second, 
commodity type is not considered. Third, the model is 
binary; that is, only two modes can be analyzed. 

DATA REQUIREMENTS, SUMMARY AND CONCLUSIONS 

Review of Modal Choice Models and 
Their Data Requirements 

All freight mode split models have attempted to repli-
cate the decision-making process of shippers in deciding 
among modes. Researchers have experimented with a wide 
range of mathematical forms in their desire to discover a 
rational, explainable basis for modal choice modeling. The 
methods described in this appendix have at best been tested 
only on a very limited basis. The inconclusiveness of re-
sults obtained is usually attributed to problems of data 



83 

availability. None of the methods have been tested enough 
to determine their feasibility or practicality. No consensus 
has developed over which method is best. No method has 
been applied to the solution of a specific, state-level freight 
issue or problem. In short, much work remains to be done 
simply to sort out and identify which models hold the great-
est promise for further development as practical tools. Un-
til then, freight mode split models have limited applicability 
in statewide transportation systems planning. 

Thus, the present state of the art is only the initial stage 
of development. Underlying the lack of concensus are a 
number of major unresolved questions, including: (1) 
whether to use aggregate or disaggregate modeling tech-
niques, (2) agreement on what constitutes the relevant 
variables to be included, (3) the "level" at which such 
modeling should take place (for the individual firm or for 
all firms within a geographic area), and (4) the degree of 
homogeneity required and whether different commodity 
groups must be modeled separately. These questions di-
rectly affect the characteristics of data required for modal 
choice modeling purposes; which for the most part is simply 
commodity or traffic flow data. 

The main alternative centers around the form of the data; 
that is, whether it should be aggregate or disaggregate. The 
former is really a misnomer in that all data are disaggregate 
when originally collected. However, if obtained by govern-
nicatal ageucies, data iaust be aggregated prior to public 
release to provide confidentiality. Disaggregate commodity 
or traffic flow data do not exist, at least from public sources. 
If these types of data are required, they would have to be 
collected directly from shippers or consignees, an expensive, 
time-consuming process at best. Adequate data for dis-
aggregate modeling may never become available due to 
(1) shipper's and carrier's reluctance to release such in-
formation, (2) the probable high unit cost of data acquisi-
tion, and (3) the tremendous variety of commodities and 
choice situations that would have to be reflected in a data 
collection program. Disaggregate-type freight data have yet 
to be successfully collected on other than a research basis. 
On the other hand, aggregate commodity or traffic flow data 
are available with some exceptions (mainly motor carriers) 
from a number of principal sources listed in Appendix B 
of NCHRP Report 178 (C-54). However, aggregation of 
data often results in a significant loss in the variability of 
important parameters, which is one of the pitfalls dis-
aggregate models can avoid. 

In addition to the aggregate-disaggregate problem, many 
of the present commodity or traffic flow data contain in-
sufficient detail on commodity and transport level-of-service 
attributes. Particularly crucial is the general lack of infor-
mation on (1) rates or the amount paid by the shipper or 
consignee, (2) transport time, and (3) time reliability, 
which are common and important variables of today's 
modal choice models. (The options for obtaining such 
data are discussed in Appendix E.) Information on some 
of the other attributes listed in Table C-i is equally diffi-
cult to obtain; however, these attributes tend to be used less 
often in models developed to date. Existing mathematical 
forms can only explicitly include a limited number of rele-
vant (statistically significant) independent variables. The  

lack of agreement on significant attributes hinders develop-
ment of suitable data collecting programs. 

Given the present state of the art of freight modal split 
modeling, little near-term application of mode choice mod-
eling techniques at the state level is anticipated. It is an-
ticipated, however, that continuing research efforts will be 
made to refine and improve the mathematical form used, 
especially in determining the relevant variables affecting the 
freight modal choice decision. Testing of these models will 
continue to be limited to specific cases (a particular com-
modity movement within a specified geographical area) or 
to very generalized, macro-scale aggregate studies. It is not 
foreseen that the explanatory powers of these models will 
improve substantially until existing data limitations are sub-
stantially lessened. Hence, the key to improved models is 
better data. 

Specifically, researchers of freight modal split should 
concentrate their efforts on: 

Development of homogeneous commodity groupings 
for aggregate data testing. 

Testing of disaggregate models at various levels of ag-
gregation (commodity and geographical). 

In-depth analysis of the particular variables determin-
ing mode choice. 

The critical element in any freight modal split analysis 
is elimination of heterogeneity within aggregate data sets. 
It is not practical to assume that mode split analysis at the 
statewide level can be performed at any level lower than the 
STCC 3-digit commodity level or some other similar coding 
system

'
such as TSC 3-digit commodity codes (27). For 

this reason, it is strongly suggested that any massive data 
gathering effort be preceded by a detailed study on estab-
lishing a minimum number (a couple of hundred would 
seem to be the maximum) of aggregate groupings of ho-
mogeneous commodities. These groupings should exhibit 
similarity in the following characteristics: (1) similar 
modal split distribution, (2) the same independent variables 
determine mode choice for each commodity, and (3) these 
determinants of mode choice have similar values. Two 
studies, one by the ICC (47) and one by TSC (27), have 
had a certain degree of success in addressing this problem 
of aggregating commodities into homogeneous groupings. 
However, there is a need for further experimentation and 
refinement of these commodity groupings. 

The scarcity of data has hampered development of the 
model itself and is usually put forward as the rationale for 
excluding important variables from the freight modal split 
models that have been published to date. However, even 
when disaggregate data were assembled for use in their 
studies only a handful of variables were tested and fewer 
were deemed relevant. The independent variables most 
commonly used are: 

Weight of shipment. 
Distance shipped. 
Value per ton. 
Commodity type. 
Annual tonnage of the commodity shipped. 
Freight rate charged. 
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Transit time. 
Measure of reliability. 

Researchers of freight mode split from empirical results 
generally agree that mode choice is very dependent on the 
type of commodity shipped. If it is assumed that a shipper 
has a general knowledge of all alternative modes available 
to him and their characteristics, and that he acts in a 
rational manner in an attempt to maximize the amount of 
profit received or, conversely, to minimize the cost to the 
firm, selection of a means of transportation will be made 
on the basis of a least-cost criterion; that is, to maximize 
the firm's profit by minimizing transport charges, assuming 
all other factors are equal. Normally, however, such is not 
the case. Mode transport time, time reliability, and the 
value of the goods shipped can greatly affect a firm's ware-
housing costs (cost of inventory and the costs of main-
taining safety stocks) and, therefore, affect the firm's policy 
on mode selection. Thus, the first task in any modal split 
analysis should be one of identifying which of the mode 
characteristics and commodity attributes are most signifi-
cant to mode choice and somehow quantify the importance 
of each of these factors. 

Further effort must be spent to determine methods of 
accurately predicting present and future freight rates, the 
effect of total distribution system costs on the shipper's 
willingness to pay for transport services, and the effect these 
costs have on the weight of shipment before the freight 
modal split model can function with some degree of success 
within the structure of statewide transportation systems 
planning. 

Desired Capabilities and Program Levels 

The need is foreseen for states to develop procedures for 
determining the allocation of freight between modes of 
transportation to assist in determining the effects of policy 
or system changes. Not only must these procedures predict 
freight modal split; they must also be in agreement with 
other elements of the transportation planning process (de-
mand estimation, network analysis, and direct and indirect 
impact analysis). By application of a three-stage freight 
modal split modeling methodology approach, states would 
begin filling a void that now exists. 

By use of the definitions estabilshed earlier in the report, 
three different program levels are described, as follows: 

Stage I. Develop state capability to prepare total demand 
estimates by individual mode using historical trend ex-
trapolation techniques and linear probability functions. 
This is discussed in Appendix B. 

Stage II. Develop state capability to prepare inter-
regional demand estimates by aggregate commodity group-
ings by individual mode using mathematically based freight 
modal split modeling techniques, such as the abstract-mode 
or commodity approach. 

Stage III. Develop state capability to prepare inter-
county, commodity flow estimates by individual mode using 
disaggregate behavioral mode choice models (logit, probit, 
and discriminant analysis functions). 

The three-stage approach is built on the premise that a  

state should acquire a general knowledge and understand-
ing of the existiug freight transportation sybtcuit before any 
serious attempt is made to allocate freight to individual 
modes due to changes in freight systems plans, changes in 
freight modal choice attributes, and changes in freight 
demand distribution estimates. 

Data Required for Modal Choice Modeling 

Models used to predict probabilities of mode choice se-
lection require two main sources of data: (1) traffic flow 
data, and (2) information on variables deemed relevant to 
determining mode choice. Details on the data required for 
Stages I, II, and III are given in Table C-3. 
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NETWORK ANALYSIS 

INTRODUCTION 

The purposes of this appendix are (1) to describe net-
work analysis techniques having potential application in 
statewide freight transportation planning and (2) to iden-
tify the, types of data required by these methods. The first 
part deals with multimodal networks; in the remainder, ex-
amples are drawn from rail planning because there has 
been more experience in freight network analysis for this 
mode than for other modes in the public sector. This ap-
pendix is the third in a series devoted to identifying freight 
data requirements for statewide transportation systems 
planning. 

Description of Network Models 

Network models are procedures that mathematically 
simulate or describe relationships and interactions between 
various physical components of a transportation system. 
They are capable of being manipulated by the alteration of 
a particular set of input and decision rules to gain insight 
into the consequences of planned changes in freight trans-
portation systems. 

Network models (also called traffic assignment models) 
are designed to assist transportation planners in developing, 
analyzing, and comparing link (network segment) and 
node (link end and modal interface points) traffic loadings 
of alternative transportation systems. These models are 
used principally to simulate current traffic volumes on 
schematic networks of transportation systems and to fore-
cast probable future volumes. The major inputs to the 
models are trip interchange data developed from bill of 
lading or waybill surveys, or developed from demand esti-
mation techniques. (Several demand modeling procedures 
are described in Appendix B.) 

The basic process of traffic assignment is used to (1) pre-
pare estimates of freight traffic likely to utilize the trans-
portation network tested and (2) provide the inputs for the 
development of system revenue and cost estimates for the 
preparation of net operating income statements. 

Different levels of analysis are possible. Statewide trans-
portation planning deals principally with macro-scale plan-
ning (such as the analysis of interregional traffic flows), 
whereas operations studies (such as facility capacity stud-
ies) are concerned with specific system links or facilities. 
The latter type of study usually is done by freight carrier 
management to improve the efficiency of internal operations. 

The major objective of network models is to identify, 
measure, and evaluate the consequences of proposed 
changes in facility use, routings, and corporate ownership. 

Analogy to Passenger Network Models 

Essentially, freight network models are similar to pas-
senger models in structure and basic planning methodology. 

Both require schematic networks, routing procedures or 
algorithms, and either trip interchange tables or trip inter-
change models. The following three externalities have 
hindered the development of freight transportation network 
models: 

Large numbers of commodities involved (where com-
modity flows are being simulated). 

Lack of publicly available information. 
Complexity of the freight transportation system, in-

cluding management or corporate policies that affect traffic 
flow patterns. 

Passenger travel effectively pertains to the movement of 
a single commodity—people. Federal, state, regional, and 
local transportation planners over the past two decades have 
acquired extensive knowledge and understanding of the per-
son movement sector, both in the transit and automobile 
modes. Reliable passenger travel information has enabled 
planners to calibrate, refine, and improve on their modeling 
approaches to person movements. 

In freight transportation, however, this is not the case. 
Freight shipments are far more complex than person move-
ments. This is due to the multiplicity of freight movements, 
which exhibit distinct distribution patterns; thus, goods 
movement can be (and has been) classified into literally 
thousands of discrete commodity groups. Furthermore, 
freight carriers are hesitant to release any detailed infor-
mation on their operations. Thus, freight information avail-
ability at the micro-level is considerably less than person 
movement data. Finally, the freight transportation system 
is much more complex than the person travel system. The 
freight network involves (I) more modes of transportation, 
(2) more types of vehicles, (3) more complicated physical 
distribution facilities (e.g., terminals, yard facilities), and 
(4) more complicated routing decisions (for example, train 
make-up and reclassification rules) for freight between 
origin and destination. 

In conclusion, it can be stated that development of tools 
and techniques for analysis of person movements has 
reached a much higher level of sophistication and applica-
tion than those used for the study of freight movements. 

Types of Network Models 

Network models are classified, in this text, by the type of 
methodology employed in the determination of traffic rout-
ings within the traffic assignment function. Traffic routing 
procedures that can be mathematically derived by existing 
computerized assignment processes (e.g, Moore minimum 
path algorithm (0-1)) are classified as mechanical proc-
ess models. Models that presently are not applicable to 
computerized assignment processes (e.g., circuitous rout-
ings due to corporate management policies) are categorized 
as manual. 
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Model Inputs 

The four essential data requirements for any network 
analysis are: 

Network configuration. 
Network parameters. 
Interzonal trip tables. 
Routing criteria. 

Network configuration. Network configuration is defined 
as an abstract description of all interconnections (nodes) 
and segments (links) of a transportation network which 
will sufficiently delineate and depict the real world or 
proposed transportation system under consideration. 

A node may represent a freight terminal, an intermodal 
transfer point, an interline junction point, or it may cover 
a group of freight stations. Depending on how detailed the 
network is, one or more nodes could be used to represent 
a particular function (such as a railroad yard) and its 
surrounding service area. 

Links are used to connect nodes, and usually represent 
transportation facility segments. Links may also represent 
artificial or synthetic connections (access links) or condi-
tions between nodes (terminal penalty links). 

The selection of segments should be based on definitive 
selection criteria. Usually factors such as traffic density, 
operating and physical characteristics and connectivity be-
tween major trade areas enter into such delineations. 

Network parameters. These measures refer to basic 
physical and operating values which represent a particular 
nodal or link characteristic. These values act as control 
parameters that shape the outputs of the model. For ex-
ample, network values can include measures of distance, 
time, cost, and capacity. 

In most computerized or mechanical traffic assignments 
processes, a single impedance value (measure of flow re-
sistance) is necessary for determining interzonal routings or 
minimum path calculations. Computer assignments are 
usually based on minimizing travel time, distance, or some 
derivative function of these. No additional network pa-
rameters are necessary for assignment purposes. However, 
other measures, such as link capacities, nodal delays, and 
interchange penalties or prohibitors do allow for the de-
velopment of more realistic routings and more meaning-
ful results. Other descriptive data, such as weight of rail, 
type of waterway, age of pipe, are useful to develop detailed 
summaries of the network. 

The minimum data required for computer assignment 
include nodal and link identification numbers and link 
impedance values. 

Interzonal trip tables. These tables describe the total 
quantity (measure of flow, such as tonnages, vehicles, and/ 
or revenue) shipped between two points or areas during a 
specified time period. These points or areas that define 
origins and destinations are called zones in network analy- 
sis. A zone can depict either a particular geographical re-
gion or a market area. Zone size can differ according to the 
purpose of the analysis; a micro-level analysis may require 
very small zones (such as census tracts), whereas large 

aggregations of areas (such as counties, states, or groups of 
states) may satisfy macro-level study requirements. There-
fore, an interzonal trip table is no more than a collection 
of traffic flows between individual origins and destinations. 
Routings are not specified, only quantitative measures of 
interzonal flows. Trip tables usually are arranged into a 
square matrix, with each cell depicting the one-way direc-
tional flow between a distinct pair of zones. 

Trip tables are either derived from actual shipment rec-
ords or estimated from demand forecasting techniques. 
Tables can be built for any available quantitative flow 
measure. For freight analysis, tables usually include data 
on vehicle trips, tonnage, and revenue (expressed in dollars). 

Routing criteria. The fourth and final basic data require-
ment for network models is a criterion for developing, 
delineating, and selecting interzonal routings. This is most 
critical to assignment processes; without a reliable, realistic 
routing selection procedure the results are meaningless. 
This inputted criterion provides the mechanism for direc-
tionally delineating interzonal routings that are actually 
happening or are likely to occur under alternative trans-
portation system arrangements. The formulation can vary, 
depending on the type of process—mechanical or manual. 
In mechanical processes the internal routing selection 
process must be mathematically derived and is usually 
based on some sort of minimum path algorithm utilizing 
impedance values (such as time or distance measures), 
whereas manual processes can be far less structured to the 
point of being determined solely by judgment decisions. 

Model Outputs 

The major output of network models is traffic volume 
estimates on each network segment (link) and through each 
node. Traffic volume estimates can be expressed in any 
traffic characteristic that can be described by an origin, 
destination, and quantifiable trip interchange value. 

POSSIBLE APPLICATIONS TO FREIGHT PLANNING 

Freight network analysis models are applicable to aid in 
the analysis of a number of important direct and indirect 
transportation problems and issues that relate to goods 
movement. The following list of direct and indirect uses 
for network models is not meant to be exhaustive but, 
rather, indicative of the variety of uses that can meaning-
fully be examined through the employment of freight 
network models. 

Direct Applications 

Quantitatively measuring, evaluating, and comparing 
the consequences of proposed operational, policy, and 
physical facility changes through identification of the dif-
ferences in network traffic distribution patterns between the 
present system and alternative plans. 

Studying in detail the distribution patterns (routings), 
network capacity utilization (link loadings), modal inter-
face points (terminals), intramodal interchange points (i.e., 



89 

railroad yards), and their effects on the total transportation 
system. 	 - 

Providing necessary inputs and feedbacks to other 
transportation planning models, such as environmental 
impact analyses. 

Providing a means to organize, compile, inventory, 
and display in an orderly fashion a wide variety of 
transportation-related network data. 

Indirect Applications 

Assessing the effects of network system restructur-
ing, such as railroad consolidations, mergers, and track 
abandonments. 

Analyzing transportation policy decisions, such as in-
creasing modal freight tariffs. 

Determining financial viability of a system or segment 
of the transportation network. 

Identifying areas where improvements in resource 
utilization can be made. 

Assessing the effects of technological changes on freight 
transportation. 

Examining where available state and federal funds can 
best be utilized in supplemental subsidy/capital improve-
ment programs. 

BASIC METHODOLOGY 

Any quantitative network analysis technique will basically 
follow the procedure shown in Figure D-1 and described in 
the following. The essential steps in the process are: 

Determine geographic detail. 
Delineate zones. 
Map the network. 
Select transportation facility segments. 
Establish physical facility parameters. 
Collect network data. 
Assemble interzonal flow data. 
Prepare codes. 
Code. 
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Figure D-1. Network analysis flow diagram. 
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Develop routing criteria. 
Assign traffic. 
Calculate, compile, summarize, and evaluate results. 

Geographic Detail Determination 

The initial step in statewide freight network analysis is 
establishment of the study's geographic area limits. In-
dependent of the type of analysis, the geographic area limits 
must be comprehensive and inclusive enough to be able to 
identify all tributary market areas capable of generating 
freight flows to, from, or through the study area. A large 
percentage of freight movements within the state are 
through movements; that is, freight movements without 
an origin or destination located inside the boundaries of 
the state. Intercity freight carriers usually do not confine 
their operations or record keeping to coincide with state 
analysis requirements. Consequently, statewide studies of 
freight movements should not be circumscribed to include 
only those movements within a state. Establishment of 
geographic area limits must be made without regard to 
state boundaries, and in most instances these limits will be 
national (or at least multistate) in scope. 

Zonal Delineation 

For traffic aggregation purposes, the study area must be 
divided into zones. The  basic ratiohale underlying zonal 
delineation is to identify tributary areas for accurately de-
picting traffic flows within the requirements of the analysis. 
Therefore, zone size may be varied. The "building block" 
for zonal delineation is the Standard Point Location Code 
(SPLC) (D-2), which identifies geographic areas by means 
of a six-digit code. For statewide studies, zones are ordi-
narily aggregations of states or counties within a state. The 
number of zones should be kept to a minimuni, thus 
minimizing (1) the number of separate interchanges (inter-
zonal traffic flows) and (2) the amount of preparatory or 
set-up work. Figure 0-2 shows a sample of the type of 
hierarchical zonal system a state might use for network 
analysis. This zonal system was developed for Pennsylvania 
(D-3) to study mainline railroad freight traffic within the 
state under various system reorganization plans. 

Network Mapping 

Network maps are important for depicting the over-all 
transportation system characteristics. They also are neces-
sary for efficient coding of the network. 

Each freight system to be tested should initially be plotted 
over suitable-scale base maps, the appropriate scale of these 
base maps depending on the degree of network geographic 
coverage and the complexity. USGS topographic maps 
(scale 1:250,000 and 1:24,000) and highway planning sur-
vey maps (usually scale I in. = 1 mile) should suffice for 
statewide network analysis. Zones are drawn on overlays 
of these maps, together with the connecting links between 
the zones. After major nodal points are identified, a simpli-
fied network is selected based on link selection criteria and 
study objectives. 

Transportation Facility Segment Selection 

Uniform criteria should be established to assist the analyst 
in segment (link) selection. Usually, facto'rs such as traffic 
density, physical and operating characteristics (e.g., link 
capacity measures, type of control system, speed limit), and 
connectivity between cities of a certain size or trade areas 
are included. It is important to realize that no set of cri-
teria can replace judgment based in part on a knowledge 
of and "feel" for the freight system being depicted. The 
key to delineating a freight network is to develop an ab-
stract system of links and nodes that accurately represents 
the system under study, including all potential major (high-
density) routing options while keeping the number of links 
and nodes at a minimum. To illustrate, in the Pennsylvania 
study (D-3) links connecting major cities, railroad classi-
fication yards, and interrailroad interchange points were in-
cluded. A relatively sparse system can still produce realistic 
traffic flows. For example, in the Pennsylvania study an 
abstract network of approximately 200 links depicted 15 
railroad systems in the Northeast and Midwest, as shown 
in Figure D-3. The ultimate goal in network development 
is to delineate accurately each of the freight networks neces-
sary to identification of traffic impacts. 

Physical Facility Parameters 

To efficiently and effectively assign traffic data to an 
abstract network, Identification and physical facility pa-
rameters for each link and node must be established. Typi-
cally, the following information is collected for each node 
and link delineated in a network: 

Node parameters: 

Identification code (discrete numbering system). 
Location name (e.g., nearest city and/or facility name, 

state). 
X, y coordinates (optional, principally for computer 

graphics): 

Link parameters: 

Identification code (discrete numbering system). 
Delimiting node numbers. 
Length, miles (kilometres). 
Impedance value (e.g., average travel time, maximum 

allowable speed) - 
Present traffic density measures (vehicles and/or ton-

nage per year) for calibration purposes. 

Depending on the level of sophistication of the analysis, 
the following detailed information may also be required for 
network analysis: 

Additional node parameters: 

Type of. node: 

Switching—two or more links in a single system 
intersect. 
Interchange—two or more links from different 
systems intersect. 
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Terminal—intermodal transfer point (e.g., freight 
terminal). 
External—boundary point (e.g., state border). 
Loading—freight station or other point where 
traffic can originate or terminate from the network. 
Intermediate—location to distinguish significant 
physical or operating characteristic changes in a 
link (e.g., change in number of tracks in a rail 
line). 

Number of links (emanating from node). 
Ownership. 
Operating costs per vehicle handled or ton handled. 
Traffic density (vehicles/tonnage per year handled). 

Additional link parameters: 

Modal identification (rail, pipeline, highway, air cargo, 
water). 

Typeof link: 

Mainline link—represents a portion of the actual 
transportation system (in special cases, railroad 
trackage rights may be depicted as distinct main-
line links). 
Access link—represents an artificial connection be-
tween mainline links and the zonal loading nodes. 
Transfer link—a hypothetical link providing a 
means for registering an additional impedance or 
interchange restriction for computer manipulation. 

Capacity measures, 'usually expressed in vehicles and/ 
or tonnage per unit time. 

Weight/commodity limitations. 
Vehicle/shipment horizontal/vertical clearance restric-

tions. 
Directionality of traffic (one- or two-way link). 
Ownership. 
Operating costs per vehicle-mile or per ton-mile. 
Detailed physical parameters (e.g., railroad—number 

of tracks, weight/age/type of rail, maximum gradient/ 
curvature measures, number of highway grade crossings, 
turnouts, bridges, tunnels, etc.) 

Detailed operating parameters (e.g., railroad—type of 
control system, number of slow orders, functional classi-
fication). 

Data Collection 

The gathering of pertinent material for network model-
ing is often time consuming and expensive. Freight data 
are found in a wide variety of forms, consisting of maps, 
narrative descriptions, hard copy, and magnetic tapes. Some 
of these data elements must be reported periodically to 
federal and/or state agencies in their regulatory capacities. 
Other data are available only at the option of the carrier. 

Although obtaining adequate traffic and revenue data is 
part of the data collection process, these data will be treated 
separately, because assembly of interzonal traffic values is 
so important to the over-all performance of any network 
assignment process. 

Assembly of lnterzonal Flow Data 

Although interzonal flow data do exist, most of them are 
considered proprietary by freight carriers. There has been 
little systematic collection and recording of these data in 
a form desirable for statewide freight analysis. This lack 
of detailed information has discouraged public agencies 
from undertaking comprehensive freight analyses in the 
past. Until recently, the only publicly available informa-
tion was the ICC 1 percent waybill sample of railroad ship-
ments. Other origin/destination files (such as the Army 
Corps of Engineers' waterborne statistics, the Civil Avia-
tion Board's, air cargo file, and individual railroad's inter-
line shipment files) do exist, but their usefulness to state-
wide freight planning cannot be realized without extensive 
modifications and retabulation. Information sought from 
these files includes interzonal movements of traffic (vehi-
cles and tonnage) and revenue data on a yearly basis. 

Network Assumptions and Coding 

After the data collection phase is finished, network as-
sumptions must be made for links where no adequate data 
exist. These assumptions often include: link travel time 
measures, link capacity values, link and node operating 
costs, and the amount of zonal traffic attributable to a 
loading node. Procedures must be established and fully 
documented to allow for these imperfections in the data. 

Coding of a freight network must be based on an orderly 
and well-structured format and conventions that are de-
signed to permit fast and efficient computer summaries and 
calculations. Although some network analyses may be done 
manually, this approach is less desirable because the pro-
cedures are often difficult to describe and replicate. 

Network models require at least two and possibly four 
types of records to be coded. These are: 

A "link" record describing the physical characteristics 
of different segments of the rail system. 

A zone-to-zone "traffic" record. 
A "node" record if computer graphics are desired as 

an output. 
A "routing" record identifying the sets of links used 

for movements between zonal pairs (for manual assign-
ments only). 

The link record contains the one transport and cost 
parameter needed for computer manipulation. Identifica-
tion information, such as delimiting nodes and link num-
ber, must be incorporated in the individual link records if 
mechanical assignments are to be performed. Link records 
can be added or deleted at any point to represent system 
changes. Similarly, if an ownership (corporate association) 
code is included on the record, the records can be changed 
to represent different system reorganization proposals. 

The traffic record contains interzonal traffic volumes, 
such as total vehicles per unit time, total tonnage per unit 
time, and average revenue per vehicle. Traffic data will 
normally remain constant throughout the analyses unless 
different time periods are being analyzed. 

The main purpose of the node record is to record geo-
graphic location information needed for computer graphics. 
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A secondary purpose is to input traffic use information for 
each node. Also, a node record may be used to provide a 
contingency check on the link record. 

The routing record is only required where routings are 
determined subjectively, rather than by algorithm. This 
record is used to input interzonal routings and the market 
share (percent of total traffic) that will use a particular 
routing. Routings may be expressed as a sequential listing 
of links or nodes traversed in moving traffic between a zonal 
pair. 

Development of Routing Criteria 

This step defines the type of network model used. A 
mechanical process model will internally assign traffic to 
individual links through well-defined and highly structured 
criteria, such as a minimum-path algorithm (D-1). In 
manual processes, the interzonal routings are predetermined 
based on existing routing patterns or on "expert" judgments. 
Factors considered include comparative access to zonal 
originating traffic, physical and operational characteristics 
of system segments, competitive relationships, and the com-
mon railroad practice of maximizing the length of haul by 
the controlling (originating) carrier. Additional informa-
tion on route choice theory and behavioral considerations 
underlying freight route choice by rail is discussed by 
Dralce (D4). 

The advantages of selecting mechanical process models 
over a manual process are that they (a) save time and 
manpower and (b) ensure that each route is selected in 
accordance with an established set of routing rules. The 
disadvantage is the lack of guarantee that the routings will 
reflect what is actually happening or that they will reflect 
what is likely to occur under alternative system proposals. 
Therefore, states may find that selection of interzonal rout-
ings for network analysis may best be done by analysts hav-
ing suitable "carrier" experience instead of using computer-
derived routings. Until internally derived routings can be 
improved to depict more realistic routings of freight, they 
should be used solely for very general or macro-level 
planning studies. 

Assignment of Traffic 

Interzonal traffic is "loaded" onto the network by assign-
ing zone-to-zone traffic to the network links based on the 
routing criteria. Traffic is sequentially loaded on each of 
the links and nodes used in moving traffic from the originat-
ing node to the terminating node. One or more routings 
may be designated between two zones, depending on the 
type of route selection process used. 

Calculation, Compilation, Summarization, and 
Evaluation of Results 

Once all interzonal traffic records have been assigned to 
the study network, compilations of traffic (ton-miles and 
vehicle-miles), revenue, and costs for each link and node 
can be computed and summarized. A computer can be 
used to accomplish this accounting work. 

In most traffic assignment processes, a calibration or 
checking phase is warranted. In this phase link volume  

estimates are compared with independently obtained traffic 
counts to see how closely the simulated system replicates 
the actual volumes. If major differences are noted, link 
characteristics and the routing criteria should be checked. 
The adjustment process can be cumbersome, tedious, and 
time-consuming if initial results are outside acceptable 
limits. 

To test alternative plans, the same basic process as 
described is repeated. Link records are modified to reflect 
alternative system arrangements. Then evaluation of an 
alternative plan is obtained by determining the resulting 
differences in car-miles, ton-miles, costs, and revenues 
between the base case and the alternative being tested. 

CONSIDERATIONS IN rREIGHT NETWORK 
ANALYSIS MODELING 

From the development work done to date in freight net-
work analysis modeling, the following general comments 
can be made: (1) data and modeling requirements must 
be defined early in the planning process, (2) a modeler 
must be able to determine the limitations and sensitivities 
of the model, (3) the validity of the input data must be 
determined, (4) verification of the model results is essen-
tial, (5) models can only simulate actual travel (existing 
analytical tools cannot perfectly incorporate every individ-
ual's decision-making process), (6) travel and routing de-
cisions are not dependent solely on network characteristics, 
and (7) there are limitations to the types of mechanical 
assignment processes available to a modeler. 

In addition to considering these general comments, the 
following items must be weighed: 

Level of detail. The degree of network aggregation 
will depend on the study's requirements. Similarly, traffic 
data detail also can dictate the network aggregation. For 
example, if the interzonal traffic flow data are summarized 
at the county level, there is no need to construct a network 
with a node at each transportation terminal (e.g., railroad 
station). 

Data collection. Due to shippers' and private freight 
carriers' reluctance to release disaggregate traffic informa-
tion, there presently exists a general lack of publicly avail-
able freight traffic flow information for network analysis. 
Understandably, data must be aggregated prior to public 
release to protect information that is considered proprietary 
by the freight user or operator. This aggregation of data 
often results in a significant loss in the availability of sig. 
nificant freight movements, which has severely hindered the 
application of network models to freight transportation 
system planning. 

State verification. Another problem that is unique to 
state freight planning is that it is difficult to measure traffic 
passing through a state because almost all available traffic 
records do not include this information. Therefore, it is 
extremely troublesome, if not impossible, to develop state 
control totals for model verification. 

Transportation system. Major freight carriers usually 
serve multi-state regions. They do not recognize state bor-
ders when setting up their operating practices and routing 
patterns. Therefore, a freight plan that is "optimal" or 
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"best" for one state may not be for a neighboring state or 
may not be for the freight carrier. 

EXISTING METHODS 

Application of network analysis techniques to freight 
transportation issues is relatively recent, with most of the 
work having been done within a research rather than a 
planning context. There has been little actual application 
of these models. This stems partly from difficulties en-
countered in assembling required data and partly from the 
limited amount of freight systems planning done to date. 

Chronology of Events 

The first known application of network analysis to freight 
movements was in the late 1950's. Passenger-car equiva-
lency measures for trucks were used in a number of high-
way capacity and traffic assignment techniques within the 
urban transportation planning process. This typified the 
level at which goods movement planning was conducted at 
that time. 

In 1968 the Department of Transportation retained Peat, 
Marwick, Livingston & Co. to develop a freight network 
data base (D-5) for the Northeast that would be compatible 
with the input requirements of existing computer programs 
for assignment purposes. Geo-coded freight netwQrlc maps, 
detailed link records, and link impedance measures were 
collected, compiled, and prepared for each of the region's 
major freight and/or communication networks (railroad, 
waterway, highway, electrical transmission lines, and natu-
ral gas and petroleum pipeline networks). Although the 
model was never fully implemented (no traffic assignments 
were made due to lack of adequate goods movement data), 
this study is a forerunner in comprehensive multi-modal 
transportation planning. 

In the fall of 1969, the Office of Systems Analysis and 
Information of the Office of the Secretary of Transportation 
initiated a pilot study (D-6) to develop a network analysis 
methodology. It was planned that the methodology would 
provide rapid and flexible analytic capability for investigat-
ing and responding to a wide range of national multi-modal 
transportation policy and freight transportation decision 
alternatives. The principal strategy in model development 
was to adopt the Federal Highway Administration's traffic 
assignment process (D-7), used in urban highway planning 
studies, to the problem of national intercity freight trans-
portation simulation. Abstract national networks for each 
of the major freight modes (highway, railroad, water, pipe-
line, and air cargo) were developed and linked to an 
analytic national zone system over which aggregate com-
modity interzonal traffic was assigned. Initial results 
showed enough promise to warrant continuation of the 
project (currently in the final documentation phase) to 
modify, refine, update, and improve the model. 

With the financial failure of the Penn Central Transpor-
tation Company in 1970 and the increased interest, of the 
Federal Government in saving railroad freight service in the 
Northeast and Midwest, the Federal Railroad Administra-
tion (FRA) in 1973 developed a computer network model  

(D-8) specifically for railroad planning. At present the 
FRA is experimenting with the mechanical routing process 
by impedance manipulation so that existing rail operations 
in the macro sense can be duplicated more accurately. Once 
again, the FHWA highway assignment program package 
was used as the basis for the rail model. 

The United States Railway Association (USRA) used a 
large-scale network simulation model that was developed 
by Stanford Research Institute (SRI) in 1975 to help de-
termine the sensitivity of various rail network planning 
scenarios under different conditions (D-9). Using a base 
network consisting of 147 super-nodes to represent the 
entire mainline rail network in the Northeast and Midwest, 
30 options or variations of options were simulated. The 
network was expanded to 517 nodes for evaluation of the 
Final System Plan (FSP). The computerized model gen-
erates network and train statistics as routine outputs. These 
include train-miles and train-hours, gross ton-miles, and 
number of cars, tons, and trains by direction on each seg-
ment of the network. Train routing is done manually and 
inputted into the computerized process. 

In 1975, the first known application of network analysis 
techniques to freight movements by a state was performed 
by the Pennsylvania Department of Transportation (D-3). 
A systematic process was developed for assigning interzonal 
traffic flows, expressed as carloads, tonnages, and revenues, 
to a "main line" regional rail network for the purpose of 
quantitatively estimating over-all costs, revenues, car-miles, 
and ton-miles. Computers were used to perform necessary 
bookkeeping and prepare summary outputs; traffic routings 
were done thanually. 

Other freight network modeling techniques have also 
been attempted, such as train performance models (D-10, 
D-1I), linear programming (D-12), and micro-level physi-
cal distribution models (D-13), but none were applied, 
tested, or calibrated at the level necessary for statewide 
planning. Studies have been initiated at the Transportation 
Systems Center in Cambridge, Mass, to develop and imple-
ment a national freight transportation network simulation 
model. Currently, these modeling efforts are still in the 
development stage and adequate documentation is not 
available to the public. 

Two models—FRA Network Model and Pennsylvania 
Department of Transportation Trunk Route Model—have 
been selected as examples of approaches that are available 
for statewide freight transportation system planning. The 
following analysis provides an evaluation of conceptual and 
mathematical modeling approaches with respect to policy 
sensitivity, data requirements, and other model performance 
characteristics. The basic distinction between these two 
modeling efforts, which can also be used to differentiate 
other network models, is the method used to determine 
interzonal routings. 

The assessment of the FRA and PennDOT network 
models was performed using the following evaluation 
criteria: 

General formulation and characteristics. 
Policy sensitivity. 
Data requirements. 
Outputs. 
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Application costs. 
Accuracy, reliability, and specificity. 
Freight transportation planning assessment. 

FRA Network Model 

General Formulation and Characteristics 

The FRA network model (D-8) is a computer simula-
tion model designed to assist railroad planners in develop-
ing and analyzing traffic loadings on a national railroad net-
work. A secondary purpose of the model is to function as 
an information system data base. The model consists of 
an extensive railroad network (approximately 20,000 links 
and 16,000 nodes that includes slightly more than 200,000 
route-miles and 332 different railroad carriers), several 
traffic interchange data bases, and a series of 45 computer 
programs to process the data. The model, which utilizes 
a modified version of the FHWA traffic assignment pack-
age, was developed by IBM in 1975. The seven basic steps 
in the FRA package are shown in Figure 13-4 and listed 
here: 

I. Code the network. 
Build historical link records. 
Build minimum impedance paths. 
Build trip tables. 
Assign traffic. 
Apply capacity restraints. 
Calculate, compile, and suniiiiauzc. 

The potential user of the model is provided with a de-
tailed procedure manual including descriptions of methods 
and computer programs. The user is requested to develop 
subnetworks and completed railroad link data coding forms 
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Figure D-4. Macro-diagram: FRA network model.  

(in the form of punch cards) for each rail system configura-
tion to be tested. A subnetwork must be based on a por-
tion of the FRA national network, which is delineated in 
a two-volume set of maps available from NTIS (D-14). 
The FRA will then process the data through the series of 
computer programs. First, the computer package compiles 
the link data input file into a retrievable historical link 
record data base that can be manipulated, updated, and 
printed out at the user's request. The next step in this com-
puterized process is the building of minimum impedance 
paths (trees) throughout the entire network. These paths 
are selected by an algorithm that determines the shortest 
distance/time path between any two nodes in the network. 
The next step in the process is development of a trip table 
and assignment of trips to the individual links in the net-
work. The FRA has developed an origin-destination trip 
matrix that is an externally required data base for the 
model, but the user may provide his own trip tables or 
modifications to the FRA tables if desired; but this is not 
recommended. Presently, the FRA trip matrix contains 
such intermodal information as the number of cars, ton-
nage, and revenue associated with 1972 railroad goods 
movement. Values are assigned to the paths (series of 
links) by a modified version of the Moore route selection 
process (commonly referred to as the 'all-or-nothing" 
method of traffic assignment). The model has the capa-
bility to load traffic on the network through a capacity 
restraint option that enables the program to update link 
inipedanec values in accordnnce with a predetermined 
built-in speed.to-volume function. The current model does 
not, however, utilize this option. The final step in the 
process is simply one of accounting, compiling, and sum-
marizing the assignment results. 

Policy Sensitivity 

It is anticipated that the FRA model would be highly 
policy-sensitive for future federal and state railroad plan-
ning decisions. The model can assist in determining the 
over-all effects various railroad consolidations, mergers, and 
track abandonments would have on the direct (railroad 
carrier) and indirect (governmental agencies and the pub-
lic) participants in the planned alternatives. 

Data Requirements 

The model requires rather extensive data before the as-
signment phase can be entered. Many of the data, however, 
have been collected, compiled, and coded by the FRA. The 
FRA requires from the user four major inputs, including: 

Railroad link data records, including zone number, 
state code, delimiting nodes, mileage, speed, number of 
tracks, signal system, density code, ownership, and trackage 
rights. 

Network impedance value (network parameter for de-
termining minimum paths). Presently, distance is used, but 
time, cost, or any other quantitative measure derivable from 
the link record could be used. 

Interzonal trip tables showing station-to-station move-
ments expressed in tons of cargo, freight cars, revenue, etc. 

Railroad system network maps with each system to be 
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tested completely delineated in strict accordance with FRA 
guidelines. 

Outputs 

The FRA package can provide numerous computer print-
out summaries. The following types of outputs are possible: 

Listing of historical link records. 
Error messages listing improperly coded link data 

cards. 
Node x-y coordinate listing. 
Listing of minimum impedance paths. 
Trip end summaries. 
Link traffic volume summaries. 
Selected link option, which summarizes all traffic 

movements assigned to a link. 

The program battery includes also a series of programs 
that can produce plots on a CALCOMP drum or flatbed 
plotter. These programs are quite flexible, allowing the user 
to specify scale, physical plotter size, number of plates to 
be plotted, and the manner in which the information is 
plotted. 

Application Costs 

Currently, the model is available only through the FRA, 
which acts as a service agency with full control over the 
operation of the programs. The only requirement from the 
user is to provide the necessary inputs in the required FRA 
format. The application costs in terms of necessary funds, 
time, and manpower to the user are minimal, because much 
of the groundwork has already been completed by FRA. 
User's direct costs are generally low for network selection, 
but costs could be higher if the user desires to develop his 
own trip value matrix. Computer costs are variable, de-
pending on network size, desired types of outputs, and 
number of assignments. 

Accuracy, Reliability, Specificity 

The difficulty with this approach is that the minimum-
path algorithm produces routings that do not necessarily 
reflect real-world routings. Currently, the model cannot pre-
vent unrealistic inter-railroad interchanges (such as would 
occur if a secondary line was shorter than a main line serv-
ing the same origin and destination). Also, multiple rout-
ings between stations are not possible in this type of 
"all-or-nothing" assignment. 

Freight Transportation Planning Assessment 

The FRA network model seems ideally suited for macro-
scale analysis of railroad traffic, from which over-all finan-
cial system assessments can be made. Because the process 
is computerized and operational, the potential user (e.g., 
state planning agencies) is free from the time-consuming 
task of manual manipulation of data that is so often re-
quired in calibration and validation of other types of ana-
lytical models. The model permits the user to test and 
analyze the effects caused by alterations in the physical 
plant of the railroad system, such as improved signal con- 

trol systems, track rehabilitation, speed adjustments, and 
revised line capacity. Because of its extensive national 
coverage and its capability to produce graphic displays in 
the form of line plots, plans have been made to use the 
model as a repository for detailed network information 
data. 

The current model has several major internal drawbacks, 
including: 

Inability to assign traffic to multiple routings. - 
Inability to prevent unrealistic inter-railroad inter-

changes. 
Inability to take into account delays (e.g., reclassifica-

tion) that would be encountered in yard operations. 
Inability of the internal routing algorithm to depict 

real-world rail routings, which are often quite circuitous 
due to corporate management policies. 

External shortcomings include: 
The problem of updating yearly interzonal trip values. 
Revising link records parameters. 

Despite these drawbacks, the FRA network model is still 
the most advanced, comprehensive, and operational net-
work analysis technique available to the states for testing 
rail network alternatives. 

PennDOT Trunk Route Model (D-3) 

General For,nulation and Characteristics 

The PennDOT network model, referred to as TRAP, is 
designed to identify the over-all effect of proposed changes 
in facility use, routings, and corporate ownership. Effects 
identified are measured in terms of differences in traffic 
volumes distributed over the network. A flow diagram of 
this procedure is shown in Figure D-5. The model uses a 
specially prepared computer progam for bookkeeping pur. 
poses which is general enough to permit its application to 
other intercity freight modes. 

Figure D-2 shows the geographic area and the zonal sys-
tem used in the PennDOT study. A total of 71 zones in the 
northeast and midwest portions of the United States (25 in 
Pennsylvania) was used. 

The network model was applied to evaluate the differ-
ences between the present railroad system (base case) and 
two alternative plans (USRA Preliminary Systems Plan and 
a plan proposed by the Commonwealth of Pennsylvania for 
reorganizing bankrupt railroads in the Northeast and Mid-
west). The base network, coded as 214 links and 67 nodes, 
included more than 16,000 route-miles on 15 different rail-
roads (see Fig. D-3). 

A flow diagram of this generalized procedure is displayed 
in Figure D-5. 

The most difficult step is to directionally delineate inter-
zonal routings and estimate market shares by competing 
routes. These judgments are based on such factors as com-
petitive relationships, past "friendly" connections (or "anti-
relationships"), comparative access to zonal originating 
traffic, physical and operational characteristics of the al-
ternative trunk-line routes, and the common practice of 
maximizing the length of haul by the controlling (originat-
ing) carrier. Maps are used to enable the routing analyst 
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to visually and systematically select likely traffic distribu-
tion patterns between nodes and zones. A route is de-
lineated by sequentially listing the links that are traversed 
when traffic is moved from one zone to another. This work 
is best done by experienced traffic routing analysts. Only in 
this way is there a reasonable guarantee that the selected 
routings will reflect the actual system traffic distribution 
patterns. Because the routings are manually determined, 
multiple routings between zones are used to represent al-
ternative corporate routings. (A percentage of the traffic 
is then assigned to each route.) For example, in the 
PennDOT study there was an average of three interzonal 
routings per zonal pair, with a range from one to nine. The 
volume of traffic and the amount of interrailroad competi-
tion between zones are principal considerations in the rout-
ing selection process. It makes little sense to select alterna-
tive routings if there is a low volume between a zonal pair. 

The trunk route analysis computer program itself con- 

I

IDENTIFY 
GEOGRAPHIC 

AREA LIMITS 

NETWORK 	
r 	

ESTABLISH 
SEGMENT 	 ZONAL 

SELECTION 	 SYSTEM 

	

I 	
LINK REC 

	

RR INVENTORY / 	 CODE ORDS 
	

PREPARE 

DATA ZONAL TRAFFIC 
COLLECTION I RECORDS 

DELINEATE 
INTERZONAL 

ROIJTINGS 

> 4 
DETERMINE 

TRAFFIC ROUTING 
DISTRIBUTIONS 

> 1 
CALCULATE 

LINK 
DENSITIES 

4TE 

COMPILE LINK, 
ROUTE, SYSTEM 

SLMIARIES 

sisted of several major phases. The first phase was to set 
up the several arrays in which carload, tonnage, revenue, 
and cost data could be aggregated on a link, node, and 
corporate system basis. In the second phase, traffic and 
routing records were read into the computer. Then the 
traffic and revenue data were assigned to available routings 
based on the market share estimates. Finally, the data were 
allocated to the affected links, nodes, and corporate systems. 
Once all traffic and routings records had been assigned, the 
third phase was to compute traffic (ton-miles and car-
miles), revenue, and cost for each of the arrays and print-
out summaries. 

Policy Sensitivity 

The TRAP model was used by PennDOT to analyze 
alternative railroad reorganization proposals. Each plan 
was evaluated based on a set of service standards and state 
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Figure D-5. PennDOT trunk route analysis program. 
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employment goals. The model is especially useful in de-
termining (1) whether projected traffic estimates on major 
trunk routes can continue to contribute to railroad viability, 

where railroad segments could be consolidated
'

and 
whether a main-line railroad segment is a likely candi-

date for downgrading to secondary or branch-line stalus. 

Data Requirements 

There are four basic inputs to the PennDOT network 
model: (1) a "link" record describing the physical and 
operating cost characteristics of different segments of the 
rail system, (2) a zone-to-zone "traffic" record, (3) a 
"routing" record identifying the links used for movements 
between zone pairs, and (4) a railroad system cost record. 
Included in each is the following information: 

Link record—corporate system code, railroad index, 
link number, A- and B-node numbers and identification 
names, route and track miles, and directional link operating 
costs per ton and per carload. 

Traffic record—originating and terminating zone num-
bers, directional yearly traffic flows expressed in net ton-
nage and carloads, and the average revenue per carload in 
dollars by direction (A-B and B-A). 

Routing record—originating and terminating zone 
numbers, route number, percentage of total traffic attrib-
uted to route by direction, originating and terminating rail-
road codes, originating and terminating node numbers and 
city codes, sequential A-B listing of links. 

System cost record—numerical and alphabetical iden-
tification codes for each railroad, ton- and carload-related 
cost for each type of nodal traffic function (originated, 
terminated, received, and delivered). 

Principal data sources used in the PennDOT study were: 
(1) the individual railroad companies' network, mileage, 
and density maps; (2) ICC/FRA 1972 waybill tape re-
tabulation into Pennsylvania's zonal system; (3) USRA 
interline settling files for each of the seven Northeast and 
Midwest bankrupt railroads; (4) railroad annual report to 
the ICC; and (5) ICC Rail Carload Cost Scales by Terri-
tories for the Year 1970. 

Outputs 

The TRAP program routinely produces seven computer 
printout summary reports. These reports consist of three 
data reports (one for each of the input data files—link, 
traffic, routing), and four analysis reports (link, node, sys-
tem, and railroad interchange reports). The program can 
also print out a file of route-link data that can be sorted 
and tabulated to produce a reference route-link report (this 
is commonly referred to as a select-link option in traffic 
assignments). Also, all input data are edited, with the 
stipulation that the analysis phase will not begin unless all 
data meet model specifications. 

Application Costs 

Computer costs are minimal with the majority of cost 
and time consumed by the delineation of routings. 

Accuracy, Reliability, Specificity 

For macro-scale estimates of freight traffic, the model's 
accuracy tends to be higher than existing mechanical proc-
esses. In the PennDOT study, agreement between railroad 
data and the simulated base case was extremely close, but 
the reliability of results is contingent on the accuracy of the 
inputted traffic flow data and on how well estimates of 
market penetrations or proportional split-of a zone's traffic 
among competing routings are made. 

Freight Transportation Planning Assessment 

The Pennsylvania network model will help fill the exist-
ing void for rapid, macro-scale-level tools for policy and 
system-level planning. Although it was developed for state-
wide and regional rail planning purposes, the procedure and 
its supporting computer program are general enough to 
permit application to other intercity freight modes. 

In short, the procedure that was developed is a simple, 
straightforward, and pragmatic adaptation of computer-
based accounting to support manual estimates of the dis-
tribution of freight traffic. The procedure does not rely on 
theory or algorithms for routing decision-making. The 
major drawback of this type of process is that it can be 
influenced by subjeotive biases, although calibration and 
checking phases are included to help uncover major dis-
tortions. The computer program is relatively quick and in-
expensive to operate. The interaction process between the 
analyst and the computer can, and should be, further re-
fined to reduce the manual effort involved in changing data 
entries. 

STATE ACTIONS AND DATA REQUIREMENTS 
FOR NETWORK ANALYSIS 

A need exists for states to develop analytical procedures 
that are capable of identifying the effects policy or system 
changes will have on traffic routing patterns and on the 
individual components of the freight network. To the 
maximum extent possible, these procedures should be 
linked to other elements of the planning process (demand 
estimation, modal split, and impact analyses). 

Using the three-stage program defined in Appendix A, 
the following approach is recommended: 

Stage I. Develop state capability to inventory freight 
modal networks and existing traffic flows by the collection 
and preparation of networks maps by individual mode. 

Stage H. Develop state capability to prepare macro-
level estimates of interregional traffic flows by individual 
mode. Modeling techniques such as the mechanical process 
developed by the FRA or the manual process used by 
PennDOT should be examined. 

Stage HI. Develop state capability to prepare individ-
ual link and node traffic estimates at a finer geographic 
detail than Stage II (e.g., intercounty) by commodity type. 

This staged approach is based on the assumption that a 
state must first acquire a general understanding and knowl-
edge of the existing freight transportation system. 
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Network analysis models require four sources of infor- 	(4) routing information. Details on the types of data re- 

	

mation: (1) network configuration, (2) network physical 	quired for network, analysis are given in Table D-1 and 

	

and operating characteristics, (3) traffic flow data, and 	delineated by planning stage in Table D-2. 

TABLE lit 

DATA REQUIRED FOR NETWORK ANALYSIS 

MAJOR DATA CATEGORY 	 DATA ITEM 

Network configuration 	I. Boundaries of study area. 
2. Zonal delineation. 

Network parameters: 
Link parameters 	I. Modal 	identification 	(rail, 	pipeline, 	highway, 	air 	cargo, 

water). 	 - 

 Delimiting node numbers (with location and type). 
 Link identification code (link number, and segment/route 

code). 
 Physical characteristics: 

Length (miles). 
Link type (mainline link, access link, "transfer" link). 
Capacity measures where appropriate (i.e., vehicles or 

tonnage per unit time). 
Weight/commodity limitations. 
Vehicle/shipment horizontal/vertical clearance restrictions. 
Detailed inventory parameters (ie., railroad—number of 

tracks, weight/age/type of rail, maximum gradient/ 
curvature measures, number of highway grade cross- 
ings, turnouts, bridges, tunnels, etc.) 

 Operticnal characteristics: 
Directionality of traffic (one- or two-way link). 
Ownership. 
Travel time measures (i.e., maximum allowable speed, 

scheduled time, average travel time). 	- 

Control system utilized where appropriate. 
Operating costs per vehicle-mile or per ton-mile. 
Functional classification. 

 Existing traffic characteristics: 
Traffic density (vehicles/tonnage per year). 

Node parameters 	I. Node identification number. 
 Node coordinates (x/y coordinates). 
 Ownership. 
 Location (name, state, zone). 
 Number of links (emanating from node). 
 Type of node 	(switching, interchange, terminal, external, 

loading, intermediate). 
 Operating costs per vehicle handled or ton handled. 
 Existing traffic characteristics (in special cases): 

Traffic density (vehicles/tonnage per year handled) by 
traffic category (originating, terminating, or through). 

Interzonal trip tables 	I. Originating zone number (A). 
 Terminating zone number (B). 
 Actual or estimated traffic flows (AB/BA): 

Vehicles per year. 
Net/gross tonnage per year. 
Total revenue/average revenue per vehicle or per ton. 

(in special cases traffic flows can be categorized by com- 
modity type) 

Routing data 	 1. Originating zone loading node number(s), ON. 
 Terminating zone loading node number(s), TN. 
 Percent of total interzonal traffic (if alternate or multiple 

routings are allowed). 
 Route number (optional). 

5a. Sequential listing of links (to directionally delineate each 
interzonal routing), for manually prepared routings. 

Sb. Mathematical routing algorithm (i.e., minimum path algo- 
rithm), for mechanically determined routings. 
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APPENDIX E 

ECONOMIC EVALUATION 

In this appendix, data required to utilize techniques for 
economically evaluating changes in freight transportation 
infrastructure or services are specified as part of the con- 
tinuing identification of data needed for statewide freight 
transportation planning. This appendix is the fourth in a 
series devoted to identifying data requirements. 

Unlike many of the activities discussed in other appen-
dixes, methods for conducting economic evaluations are 
generally well known (for example, see Winfrey (E-I)). 
They are, however, highly dependent on certain types of 
data, especially information on costs and revenues and to a 
lesser extent certain transport level-of-service and commod-
ity attributes. The principal challenge to the state transpor-
tation planner lies in assembling proper cost and revenue 
information. Unfortunately, this information must be de-
rived or converted into the desired form; it does not exist 
as data that can be tapped directly. The purpose of this 
appendix is to focus directly on the data sources and con-
version processes necessary to derive information needed 
for economic evaluation purposes. 

The four principal kinds of information needed are (a) 
cost data, including both capital and operating costs; (b) 
revenue data; (c) transport time; and (d) time reliability. 
This examination of supporting data needs is restricted to 
these four items because they are more important than all 
others in carrying out economic evaluations. 

BASIC 

Kinds of Cost Data 

Two kinds of cost data are required for freight systems 

planning: capital, or investment cost, which relates to pro-
viding the way and the transport vehicle, and operating cost,  

which relates to the cost of moving vehicles and provid-
ing services. This distinction is not always absolute; costs 
classified as operating generally make provision for recovery 
of capital and for return on investment. For example, in 
railroad accounting, certain costs of maintaining track 
structure, conventionally charged as an operating expense, 
would be capitalized under normal industrial accounting 
procedures. 

Capital cost data, especially with respect to rail line re-
habilitation, relocation, or upgrading, is becoming increas-
ingly important as states take on responsibility for branch 
line preservation, removal of yards and terminals from ur-
ban areas, and development of intermodal facilities. Cost 
data may also be needed in relation to port development; 
however, the capital cost of the waterway itself (exclusive 
of ports) is a federal responsibility, although some minor 
participation in construction costs may be required of local 
jurisdictions. 

Operating costs conceptually are more complex than 
capital costs because not only must unit cost data be ob-
tained, but also the appropriate units of work (output) must 
be specified. Transportation planners should become thor-
oughly familiar with the different data sets, to know their 
strengths and weaknesses, and become capable of modifying 
cost data for use in specific applications. States should 
maintain sufficient unit cost data to meet a majority of their 
anticipated needs. 

Cost estimating at the state level is often done by ana-
lysts responsible for many other phases of the work, not by 
specialists having long experience with cost data. The data 
used must be complete, yet at the same time reasonably 
simple and understandable to the lay person. Thus, for 
freight systems planning it is necessary to seek cost data 
that lie between the very generalized and the very detailed. 
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Aggregation and Level of Detail 

In a great many planning applications, a fine level of cost 
detail is unnecessary; aggregated data may be entirely suf-
ficient. An illustration of this point might be a multistate 
network simulation model where system or regional average 
costs might be sufficient for developing a state plan for 
physical facilities. However, this would not be the case if 
the problem confronting the state were choosing among 
railroad branch lines for subsidy purposes. In the latter 
case, the need for specific data having minimum uncertainty 
makes the use of aggregate data unsatisfactory. In general, 
standard unit cost data, adjusted to match the characteris-
tics of the situation and to reflect regional differences, 
should be satisfactory for the large majority of the cost 
data needs for statewide systems planning. 

In considering whether aggregate or disaggregate unit 
cost data are required, the following principles must be 
considered. First, it is always possible to aggregate from 
very detailed cost data, but never the reverse. Second, the 
greater the amount of detail, the more costly will be the 
acquisition of unit cost data. Thus, the planner is faced with 
a trade-off between the substantial time, effort, and cost in-
volved in locating and developing unit cost figures and the 
added precision and assurance resulting from using more 
reliable data. Third, higher levels of detail do not neces-
sarily ensure avoidance of potential controyersy over the 
validity of the unit cost values selected for use. Systematic 
bias (generally noninclusiveness of all costs) is still just as 
much a possibility. Fourth, use of higher levels of detail 
concomitantly require more detailed estimates of quanti-
ties and condition, which further adds time and cost. 

It is often useful to have on hand for rough estimating 
purposes some data on the approximate cost of replacement 
vehicles (locomotive, tractor, or tug and car, trailer, or 
barge) and on heavy maintenance of way and terminals. 
States might find it worthwhile to develop and periodically 
revise listings of such costs so as to have at least some data 
available for planning purposes. 

Examples of Cost Compilation 

Several examples illustrating the compilation of unit cost 
data suitable to systems planning are presented in the fol-
lowing. One involves capital and infrastructure costs for 
railroads; the others, operating costs for rail, motor carrier, 
air transport, and inland waterway transport. 

USRA Procedure for Costing Rehabilitation of 
Railroad Lines and Facilities 

This section presents the detailed and comprehensive rail 
rehabilitation costing procedure developed in 1974 for 
USRA by Bechtel (E-2). This costing example represents 
about the maximum level of detail that should be attempted 
in a systems planning application. 

The procedure used a "needs study" approach. Samples 
of components of the system (track, signals, yards, etc.) 
were carefully measured as to their condition; the costs to 
bring the components up to a defined standard were esti-
mated; and the costs were then expanded to represent the  

cost of rehabilitating the entire system. The procedure is 
applicable to new facilities as well as to rehabilitation. 

USRA's objective was to obtain fixed plant rehabilitation 
cost estimates for the bankrupt railroads in the Northeast! 
Midwest region. The estimate was organized by major work 
components comprised of (1) running line systems (line-
haul facilities), (2) yard systems (further subdivided into 
yards, service facilities, and minor shops), (3) terminals, 
and (4) major shops (major overhaul or rebuilding func-
tion for locomotives and cars). All of the railroad's physi-
cal components were assigned to the foregoing groupings. 
These components consisted of track, signals, yards, bridges, 
tunnels, servicing facilities, shops, buildings, freight termi-
nals, marine terminals, electrical traction, other electrical 
facilities, and communication facilities. A series of work 
functions were devised for each work component or sub-
component. Figure E-1 shows the work functions devel-
oped for trackwork, along with the associated units of mea-
sñre. Several hundred discrete functions were developed to 
cover all facility components. 

For each work function listed, a unit cost estimate com-
prised of labor, equipment, and commodities (materials) 
was developed. As each estimate was prepared, underlying 
assumptions were made using different productivity rates. 
The final estimate was then made using the buildup of labor, 
equipment, and commodity costs from the classification or 
descrIption of the item, the number required, unit and total 
hours, and hourly rate or unit price. Supporting the detail-
ing of work functions were listings of (1) employee hourly 
wage rates used for different skill classifications, (2) equip-
ment and associated hourly rates and (3) materials or com-
modities and their associated unit prices. All of these cost 
data were adjusted to reflect a particular time period—in 
this case, the third quarter of 1974. The derived work func-
tion costs were then used with independently derived work 
requirements to estimate the cost of rehabilitating the dif-
ferent components of the rail system. 

Equally important to the unit costs developed for each 
work function are the assumptions and criteria underlying 
them; before undertaking costing activities, states must 
know exactly what the unit costs include (or do not in-
clude). This necessity for careful attention to details is 
illustrated in the following paragraphs, using the USRA 
costing procedure as an example. 

Labor Crew and Costs—All rehabilitation cost estimates 
assumed the use of experienced railroad labor. Downward 
adjustments might be necessary were outside contractors to 
be utilized, or new crews hired. Standard productivity was 
assumed in all operations even though productivity varies 
with weather, season, geographic region, traffic, work rules 
or methods, skills, working hours, and distance from the 
base of operations. Some allowance for lost time due to 
traffic, weather, travel, and breakdowns was included in the 
productivity rates. Wage rates were those in effect during 
the third quarter of 1974. The rates do not include any 
provision for premium time, nor do they include fringe 
benefits, overtime, taxes, and insurance. The latter were 
included in the estimate as an additive to labor cost. 

Equip,nent.—All rehabilitation equipment was assumed 
to be the latest models having high productivity and in good 



- Code - 	Description Unit 	- 

TR 21 Replace Rail with New CWR Track Mile 

TR 22 Replace Rail with New Bolted Rail Track Mile 

TR 23 Replace Rail with Fit CWR Track Mile 

TR 24 Replace Rail with Pit Bolted Rail Track Mile 

TR 25 Reposition Rail to Correct Gage Track Mile 

TR 26 Transposing Rail Track Mile 

TR 27 Grind Rail Surface Track Mile 

TR 28 Cross Grind Rail At Joint Joint 

TR 29 Weld/Grind Rail End Batter Joint 

TR 30 Bolt Renewal/Tightening Joint 

TR 31 Joint Bars and Bolt Renewal Joint 

TR 32 Field Butt Welds Weld 

TR 33 Raise 4" Out of Face Track Mile 

TR 34 Surf acing Out of Face (1" to 2" Raise) Track Mile 

TR 35 Spot Surfacing Track Mile 

TR 36 Line and Surface in Interlockings 
per Track Turnout - 

TR37 Sled Ballast Track Mile 

TR st Clean Shoulder Ballast (One Side) Track Mile 

TR 39 Clean Shoulder Ballast (Both Sides) Track Mile 

TR 40 Clean Crib and Shoulder Ballast £rack Mile 

TR 41 Cross Tie Renewal Tie 

TR 42 Switch timber renewal Timber 

TR 43 Renew frog Frog 

TR 44 Renew switch points and stock rail Set 
TR 45 Renew crossing (diamond-4 corners) Crossing 

TR 46 Renew turnout complete (steel only) Turnout 
TR 47 Inst1l panelled turnout Turnout 

TR 48 Weld/grind frog or switch Each 
TR 49 Weld/grind crossing (diamond - 4 

corners) Each 

TR SO Vegetation control (spraying brush) Miles one 
side 

TR 51 Brush cutting on track Miles one 
side 

TR 52 Brush cutting off track Miles one 
side 

TR 53 Drainage off track Miles one 
side 

TR 54 Drainage on track (ditcher-spreader) Miles one 
side 

TR 55 Renew grade crossings Single track 
foot 

TR 56 Haul and distribute ballast (surface) Track Mile 

TR 57 Haul and distribute ballast (raise) Track Mile 

TR 58 Haul and distribute CWR Track Mile 

TR 59 Haul and distribute bolted rail Track Mile 

TR 60 Haul and distribute CWR OTM Track Mile 

TR 61 Haul and distribute bolted rail OTM Track Mile 

TR 62 Haul and distribute ties Tie 

TR 63 Clean up and haul out CWR Track Mile 

TR 64 Clean up and haul out bolted rail Track Mile 

TR 65 Clean up and haul out OTM Track Mile 

TR 66 Clean up and haul out ties Tie 

TR 67 Renew spiking Spike 

TR 68 Renew plates Plate 
TR 69 Regage turnout Turnout 

TR 70 Haul and distribute panelled turnouts Turnout 

TR 71 Clean up and haul out turnouts Turnout 

Figure E-I. Track work functions. (Source: Ref. E-2) 
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condition. Equipment costs did not include overhaul, taxes, 
insurance, freight, fuel, and all other costs. Equipment 
additives were applied concurrent with the labor additive. 

Conimodities.—Third quarter 1974 prices from normal 
railroad vendors were used in the estimates. No escalation 
or discount was assumed on account of the magnitude of 
potential orders or change in supply/demand relationships. 
Material costs include delivery to the railroad. A "Buy 
America" criterion was assumed for all materials except 
rail and ties. Fit materials and commodities suitable for 
reuse elsewhere were costed proportionately to the com-
parable price of new items. Purchasing and storehouse 
costs were included as an additive to commodity cost. Sup-
plies, which encompass nonpermanent materials such as 
power, lubricants, repair parts, cable, nails, wire, small 
tools, and other expendable items were applied concurrent 
with the, labor additive. 

If the analyst knew exactly how the foregoing unit cost 
components were accounted for in his estimate, his over-all 
cost estimate should be relatively sound. However, given 
the fluid nature of this particular cost estimate, a contin-
gency factor often must be applied to account for unknown 
work which may become apparent later on and because of 
changes in productivity or facility changes introduced at a 
later point. In the USRA study no allowance was made for 
the escalation of labor and material costs, primarily because 
there was no lequiremeru for scheduling the rehabilitation 
Work to be performed. Many estimates do, however, in-
clude allowances for escalation, especially when the project 
is staged over time. 

As can be seen, Bechtel followed a highly organized, sys-
tematic procedure in developing unit cost data for plant re-
habilitation purposes. In spite of the vast array of work 
functions, commodities, and unit prices, the approach has 
nevertheless been criticized by a few who feel the resulting 
costs are too high (that is, the rehabilitation standards are 
either too high or estimates are systematically biased). This 
highlights the desirability of reaching agreement with inter-
ested parties beforehand on the approach and unit costs to 
be used in estimating capital needs. States should be alert 
to the possibility of distortion if cost data are developed 
solely by carrier management, by regulatory agencies, by 
state DOT's or by outsiders. 

ICC "Rail Form A" Cost Calculations 

As an example of a method of estimating operating costs, 
the ICC formula approach to determining unit cost is il-
lustrated using Rail Form A, which is the method employS 
by the ICC to estimate variable and fully allocated costs of 
railroads. (This costing formula is not to be confused with 

'Railroad Annual Report Form A, which through 1972 was 
the designation of the basic form on which the railroads 
annually reported financial and operating data to ICC.) 
Costs of common motor carriers of freight are estimated 
on an industry/regional basis by an analogous formula, 
Highway Form A, and for individual carriers by use of 
Highway Form B. Only Rail Form A is discussed here. 

Rail Form A is a method of converting expenses in each 
account, as reported to ICC by the railroads, to unit cost, 
in terms of such output units (service units) as car-miles  

and gross ton-miles. Application of the formula identifies 
variable unit costs; that is, those costs which have been 
found to vary with changes in traffic levels. Variable costs 
include freight operating expenses, rents, and taxes (exclud-
ing Federal income taxes), plus an allowance for the cost of 
capital at the selected rate of interest on debt. In addition, 
the formula produces fully allocated costs—the sum of the 
variable unit costs, including cost of capital, plus constant 
costs (those costs that do not vary with the volume 
changes). The constant costs are prorated over all revenue 
freight on the basis of tons (terminal costs) and ton-miles 
(line-haul costs) without regard to kind or class of traffic. 

The formula, which has evolved through the years, re-
quires thousands of calculations even to execute it for a 
single railroad. However, the ICC annually makes the cal-
culations by computer and publishes average unit costs by 
region of the United States (E-3). 

The starting point for application of Rail Form A, which 
yields the unit costs discussed previously, is the accounting 
data reported annually by the railroads. Each reported ac-
count has been analyzed through the years by the ICC to 
determine its behavior (variability) with respect to work 
performed, measured in what the ICC calls service units. 
The ICC approach is to look for output units, or service 
units, that cause changes in the expense level of each ac-
count. It has identified about 30 such cost c.ai,isal factors—
number of loaded cars, car-miles, car-days, locomotive unit 
miles, etc.—each of which is used to explain changes in one 
or more expense accounts. Some of these service units were 
identified by direct analysis; for example, the cost of pre-
paring waybills is a function of the number of waybills pre-
pared. Others were identified through regression analysis. 
In the latter case, it is usually found that costs in 'a given 
account are, partly variable with volume and partly un-
related to changes in volume. For example, the cost of 
maintaining running tracks was found to be 57 percent 
variable with changes in gross.ton-miles (weight of loco-
motive, cars and contents, and caboose times miles). Thus, 
an increase of .10 percent in gross ton-miles is found to 
cause a 5.7 percent increase in maintenance of running 
track. 

After the aggregate dollars reported in each account are 
separated into variable and constant portions, the variable 
portion is divided by the relevant service unit to obtain 
variable unit cost. This produces the finest level of unit cost 
detail. It is possible, although 'cumbersome, to estimate 
costs for a particular movement by developing appropriate 
service units and multiplying each by its unit cost. For less 
precise cost determination, the ICC has grouped all ac-
counts into four main service units—carloads, car-miles, 
hundredweight, and hundredweight-miles—and has devel-
oped variable unit costs for each. 

An example of the type of information presented is 
shown in Figure E-2, which presents sample pages from 
Table 3 of Rail Carload Cost Scales, 1973 (E-3). From 
this table one can compute the variable and constant ex-
penses for a given movement, having first determined the 
weight of the shipment and the mileage. 

Tables in Rail Carload Cost Scales contain costs for seven 
ICC regions of the United States, as well as for each type 
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PEW ENGLAND REGION I 1973 	 Table 3 
CARLOAD UnIt COST AIM CENTS) BY TYPE OP T4AIN AND BY TyPE of Et.tpoent 1/. Ott..r 

	

Than TO?C C.A. 2/ 	 - 
EMPTY 	 V A R I A B L E 	EXPENSES 	 COMSTANTEXPENSES 

	

LINE 	TYPE OF EQUIPMENT 	 RETURN 	 LINECHAUL PER 	 TERI'INAL PER 	 LIME_HAUL 	TERM!NAi_ .I 

	

NO. 	 RATIU 	CAR.NILE 	CWT.MILE 	CARLOAD 3/ 	CrT. 	CWy.-IILE 	PER C..,. NO 
(2) (3) (4) (5) (6) 	- (7) (8) (9) 

AVERAGE TRAIN 
1 BOX-GENERAL UNEQUIPPED 0.59 40,89580 0.02236 9399,053 .043 0.0241.3 3.133 	1 
2 BOX-GENERAL 	EQUIPPED 0.86 55.64618 0.4256 9399,055 .i .043 0.02413 3.133  2 
3 BOX-S?ECIAI. 1.01 64.01397 0.2256 10095.664 0.U45 0.02413 3.133 3 
4 GONDOLA-C' NEPAL 4/ 0.78 47.79030 0 • 	2256 100951 604 ,: .045 0 • 02413 3.133 	4 
5 GONDOLA-SPECIAL 4/ 1.00 55.95383 0,o2256 10095.66.4 ...043 0.02413 3.133 
6 MOPPEP.DPEU GENERAL 	4/ 0.96 47,50655 0,02256 10395,604 'U 4 5 0.02413 3.133 	6 
7 Mr.P'(*.OPFN 	SPECIAL 	4/ 0.99 50.73506 0.1)2256 10095.bd4 ..045 0.02413 - 	3.133 	7 

HflppQR.C'JvEREU 1.05 55.87251 0.2256 10095.654 ..1145 0.02413 3.133 	8 
9 STOCK 1.05 49.02696 O.2256 10095.684 -.145 0,02413 3.133 9 
10 FLAT.G(N1AL 0,08 48.86378 0.-j2256 10015.684 .045 0.02413 3.133  10 
11 REFR..-(AT_MECH4NIC4L 0.95 6C,78661 0.12256 6632.044 .t45 0,07413 3.13  11 
It REPR-0/7 PEAT.MECH, 0,79 58.30298 0..'2256 6537.844 ,.u45 3,02413 3.133  12 
13 RECR.PEAT.NON 	MCCi4, 0,97 55.63170 0.022b6 6632.944 .045 C-. 02413 3.133  13 
14 REFR"OIT 	'ELI-NON 	MICH. 1.00 52.86887 0,.-7256 6632.844 j.045 - 	0.02413 3.133 14 
15 TA')K.10,000 -18,999 gaLlons 1.08 64.48138 0 102256 6632.844 3.045 0. 02413 3.133  15 
16 18NK23,000 .31,999 galLons 1.08 76.21408 0.-j2256 6632.844 .045 0.02413 	• 3.133  16 

WAY TRAIN 
17 80KG34()AL UNE001PPEO 0,59 50.59905 0.3411 9399,055 .045 0.02413 3.133 17 
18 BflX'GFIERAL 	EQUIPPED 0,86 70,98003 0,1-3411 9399055 o,043 0,02413 -. 	3,133 to 
19 BflX.SPECIAL 1.01 82.60030 0,03411 10095,694 1,045 O.0'13 3.133  le 
20 GDNOOLA-GRNERAL. if 0.78 59,67001 0.0411  10095•684 1),045 0.32413 3.133 20 
21 GONDOLA'SErCIAL/ 1.00 70.45587 0.33411 10095.684 1',Q45 0.02683 3.133  28 
22 HOPPE3.OPPNI GENERAL if 0,86 58,79901 0,13411 10095,604 3,t''3 Q,fl413 3.133  22 
23 HOPPER.OPEN SPECIALY 0,99 62,63710 0,03411 10095.694 ,045 0,02413 3.133 23 
24 HQPPER.00VERED 1.05 69,97968 0,13411 10095.684 .045 0,02413 3.133 24 
25 STOCK 1.05 59.63103 0..3411 10095.684 .).u45 0.02413 3.133  25 
26 hAl-GENERAL 0.88 60,58549 0,;3411 10095.6)4 t,045 0.02413 3.133 26 
27 REFR.EAT.l'ECHANICAL 0.95 78.88878 0,- j3411 6632.144 .O'.S 01 02413 3,133 27 
28 RfFR-n/T 	EATMECH. Q,79 76.2u126 0.33411. 6632,644 P.Q,5 0,02413 3.:33 28 
29 PEER_MEAT_NON 	MEC'l, U97 70.96254 0,33411 6632,844 ,045 0 b 02 '1' 3.133 2! 
30 R(PR.fl/T 	PEATNON 	lICK. 1.00 66,58573 0,o3411 6632,844 ,045 0,02413 3.133 30 
31 TANK-1 10e0 -18,999 gsllona 1.08 79.13177 0.33411 6637,944 .0 4 3 C,02413 3533 31 
32 TANK-28,000-31.999 galLons 1.08 96,86796 0.' 3411 6632.844 '.045 0,32413 3.133 32 

THROUGH TRAE' 
73 80XG!NERAL 	UNEOUIPEO 0.59 39,03596 O,.j2033 9399,055 .345 0.02413 3.133 33 
34 80X-G!r)ERAI. 	EQUIPED 0.86 52.70415 0.02035 9399,055 - .145 0.02413 3,133 34 
35 Si1X-SEECIAL- 1.01 60,47169 o.,201S 1009).06 .041 n.12411 3.133 33 
36 GONDOLA-GENERAL 4, 0.78 45.51118 Q.u2035 10095.634 ,,045 0,32423 3.133 35 
37 DONDOLA_SPECIAL S 1.00 53.17136 0.,2035 10095,664 .u45 - 	ç."2413 3.233 37 
33 HOPPES-OPEN 	GENERAL 	4/ 0,86 45•43764 0,t2033 10095,6'14 -.05 0.02413 3.03 3 
79 H.DPPE#.OPEN 	SPECIAL 	i/ 0.99 46,45143 0,1)2035 10095.634 .345 0,32413 3.33 39 
40 MOPPER.COVEREO 1.05 53.16382 0,-j2035 10095,664 .045 0,32413 3.133 40 
41 STOCK 1.05 46.99242 0.'o7035 10095.634 .1.04' 0,02613 3.03 41 
42 F(.AT-GENEPAL b..88 46.61476 0. :2035 10095.604 .345 0,32413 3.133 12 
43 RIFR.HEAT.,NECHAWICAL 0,95 57.31337 0,02035 6632.844 ' .045 002413 3.133 43 
46 R5PR,,0/T 	EAl-MECH. 0.79 54,86856 0.02035 6632,544 1.045 0.32413 3.133 44 
43 REPR.NEAT.NON MECH. 0.97 52.69023 0.2035 6632,844 . .045 0,32683 3.133 45 
46 RFPR.O/T 	EAT-NON -MECH. 1.00 50.27703 0. :2335 6637.344 .O3 0.02413 3.133 46 
47 TANK.10,000 	18,999 gallons 1.08 61.67053 0,u205 6632.044 .045 0.32413 3.133 47 
48 IANK-78,000 -31,979 g.11on. 1.03 72.25127 0.n7035 6637.864 .045 0.02.13 3.133 45 

shown in cents ncr service Unit 

Empty 	Per 	Per 	 Per 

	

Line 	 Return 	Car- 	cwt.- 	Per 	Per 	cwt.- 	Per 

	

No. 	Type of Equipment 	 Ratio 	mile 	mile 	carload3/ 	cwt. 	mile 	cwt 

49 Box-general service unequipped xxx 10.05847 xxx 3289,696 xxx 	.00161 .275 

50 Box-general serviceequipped xxx 11.76652 xxx- 3289.696 xxx 	.00161 .273 

51 Box-special 	service ............. xxx 12.71543 xxx 3467.839 xxx 	.00161 .275 

52 Gondola-general service 4/ ...... xxx 11.26043 xxx 3462.839 'Ccc 	.00161 .275 
53 Gondola-special service 4/ ...... xxx 12.65217 xxx 3462.839 xxx 	;00161 .275 
54 Hopper open-general service 4/ xxx 11.76652 xxx 3462.839 >cKX 	.001C1 .275 

55 Hopper open-special service 4/ xxx 12.58891 xxx 3462.839 xxx 	.00161 .275 
56 Hopper 	covered .................. xxx 12.96847 Dccc 3462.839 xxx 	.00161 .275 
57 Stock ........................... xxx 12.96847 Dccx 3462.839 xxx 	.00161 .275 
53 FLat-general 	service ............ xxx 11,89303 xxx 3462.839 xxx 	.00161 .275 
59 Refrigerator meat mech .......... 'Ccc xxx xxx xxx DCCC 	.00161 .275 
60 Refrigerator Other mech ... . ..... >ocx xxx 30cc xxx Dccc 	.00161 .275 

61 Refrigerator meat 	non-onech 30CC xxx xxx xxx Dccc 	.00161 .275 
62 Refrigerator Other non-mech xxx xxx Dccc xxx xxx 	.00161 .275 

63 Tank3ol0,000-lB,999 gallons ...... Docx xxx Dccc DCCC 	' Dccc 	.00161 .275 

64 Tank-28,000-31,999 gallons ...... DCCX 30CC DCCC DCCC DCCC 	.00161 .275 

Figure E-2. Samples of data from rail carload cost scales. (Source: Ref. E-3) 
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of freight car within those regions. These unit costs, which 
are averages, should be adequate for many systems plan-
fling purposes. However, there are some 21 additional ta-
bles and appendixes that provide further detail, allowing 
adjustment of tabulated unit cost data to take local condi-
tions into account. Table E-1 lists the data available. 

This brief description of Rail Form A costing and its 
output provides an overview of the process and principal 
output, and suggests the depth of detail that it is possible 
to pursue in establishing railroad costs. A more complete 
description may be found in other ICC publications (E-4, 

E-5). In addition, for motor carriers, Highway Form B is 
a 39-page workbook containing work sheets and instruc-
tions for developing costs without extensive special studies 
(E-6). 

Barge Line Costs 

Common and contract barge line carriers render finan-
cial and operating data to the ICC. However, these car-
riers are not representative of the total industry, because 
most waterway tonnage is carried by private or exempt 
carriers, who do not provide financial and operating data 
to the ICC. Thus, there is no public source of expense data  

for waterway operators comparable to the regulatory re-
ports available for rail and motor carriers. 

The ICC has barge cost formulas that it employs in regu-
latory rates of water carriers under its jurisdiction. These 
are Water Form B and Barge Form C. However, states do 
not have access to input data for the nonregulated water 
carriers, and therefore could not likely use such formulas. 

The U.S. Army Corps of Engineers, which has need for 
barge line cost information, develops unit cost estimates 
through cooperation of some of the barge operators. These 
are not usually published, but the Corps appears willing to 
share them. The Office of the Chief of Engineers planned 
to complete during 1976 a new study of towboat capital 
and operating costs. Until these data become available 
existing data are outdated and the Corps does not want to 
release them. 

The Corps has in an advanced stage of development what 
it calls its INSA Flotilla Model, part of the Inland Naviga-
tion Systems Analysis (INSA) program. The preliminary 
version of the model states that "the primary purpose of the 
INSA Flotilla Model is to determine the characteristics of 
a cost-effective fleet of towboats and barges required to 

satisfy the transfer of a given mix of commodities moving 

IAJ3LE E-1 

TABLES AND APPENDIXES FROM RAIL CARLOAD SCALES 

PAGE PAGE 

Table I. 	Carload Mileage Cost Scales: Table 8. 	Tare Weight (Tons) by Equipment Types 134 
New 	England 	Region 	...... 	............. 6-20 Table 9. 	Special Service Cost Per Carload ........ 135 
Official Territory, excluding New England Region 2 1-35 Table 10. Variable Switching Costs Per Carload (All 
Official 	Territory 	........ ............ 	..... 36-50 Weights of Load) 	................. 136 
Southern 	Region 	... 	.... 	..... 	..... 	......... 51-65 Table 11. Variable Freight-train Car Costs Per Car- 
Western District, excluding Mountain Pacific Ter- load (All Weigbts of Load) 	........ 137 

ritory 	and 	Trans-Territory 	................ 66-80 Table 12. Interchange Switching Costs by Regions 138 
Mountain Pacific Territory and Trans-Territory. 81-95 Table 13. Intertrain and Intratrain Switching Costs 
Western 	District 	......................... 96-110 by 	Regions 	..................... 140 

Table 2. 	Carload Unit Costs for Various Weight . Table 14. Ratio of Empty to Loaded Car-miles by 
Loads by Types of Equipment: Type of Equipment 	............ 141 

New England Region 	........ 	.......... .... 6-20 Table 	15. Elements of TOFC Costs 	............. 143 
Official Teritory, excluding New England Region 21-35 Table 16. TOFC 	Pickup-Delivery 	and 	Highway 
Official 	Territory 	.... 	.................... 	. 36—SO . 	Interchanges 	Costs 	................ 144 
Southern 	Region 	........... ........ 	.... 	.... 51-65 Table 17. Method of Calculating the Cost of TOFC 
Western District, excluding Mountain Pacific Ter- Movements 145-146 

ritory and Trans-Territory 	.................. 66-80 Table 18. Variable Station Clerical Costs Per TOFC Mountain Pacific Territory and Trans-Territory 81-95 Shipment and Per Carload 149 Western 	District 	...... 	.......... 	........... 96-110 
Table 3. 	Carload Unit Costs by Types of Train and Appendix A—Summary of Loss and Damage Pay- 

By Types of Equipment: ments by Commodity Groups 152-154 

New England Region 	......... ....... 	.... 111-112 Appendix B—Carload 	Line-haul 	Unit 	Costs 	by 
Official Territory, excluding New England Region 113-114 Types of Equipment for Interchange 
Official 	Territory 	........................... 115-116 Switching 	Service 	............... 155-163 
Southern 	Region 	.......................... 117-118 Appendix C—Carload 	Line-haul 	Unit 	Costs 	by 
Western District, excluding Mountain Pacific Ter- Types of Equipment for Intertrain 

ritory 	.... 	................ 	............ 	.. 119-120 Intratrain Switching Service 	...... 164-172 
Mountain Pacific Territory and Trans-Territory 121-122 Appendix D—Carload 	Unit 	Costs 	for 	Floating 
Western 	District 	.......................... 123-124 Equipment by 	Types 	of Freight- 

Table 4. 	Carload Unit Costs for Intraterminal and train 	Cars 	.. 	.... 	.... 	... 	....... 173-174 
interterminal Switching Service 128-130 Appendix E—Variable Cost Per Revenue Ton-mile 

Table 	5. 	Rail Circuity Factors 	................ 131 and Revenue 	Hundred-weight-mile 
Table 6. 	Regional Average Tons Per Car by Types 132 by 	Type 	of 	Train 	.............. 175-177 
Table 7. 	Private Car Rentals and General Over- Appendix F—Variable Percentages by Accounting 

head 	Ratios 	..................... 133 Groups 	...................... 178 

Source: Ret. E-3 
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TABLE E-2 

FREIGHT SYSTEM OPTIONS 

GENERAL SERVICE 	 REFRIGERATED SERVICE 

Rail Refr. car—Average 70-car mixed train 
(1) Box car—Average 70-car mixed train *(18) Refr. Car-70-Car run through train 
(2) TOFC—Average 70-car mixed train (19) TOFC Refr.—Average 70-car mixed train 
(3) TOFC-35-car run through train TOFC Refr.-35-Car run through train 

Highway—Truck load (TL) 
40' Refr. Single rig via OlD terminals 

(4) 40' Single rig direct (22) 40 Refr. Single rig direct 

(5) 40' Single rig via OlD terminals - 
(6) 27' Doubles rig via OlD terminals 

'(7) 40' Doubles rig via OlD terminals 
*(8) 27' Triples rig via OlD teminals 

Highway—Less than truck load (LTL) 
40' Single rig via OlD terminals 
27' Doubles rig via OlD terminals 

* (Il) 40' Doubles rig via OlD terminals 
*(12) 27' Triples rig via OlD terminals 

Air—Container load (CL) 
4-Engine narrow-body freighter igloo system 
Wide-body lower hold container system 

A jr—Less than container load (LCL) 
4-Engine narrow-body freighter igloo system 
Wide-body lower hold container system 

Source: Ref. F-i. 
* Analyzed in FY 1976. 

between a given set of origin and destinations and operating 
in a waterway network of existing or assumed characteris-
tics." Thus, the model is a planning tool. The port-to-port 
algorithm consists of formulas for calculating round-trip 
time (in days) and costs ($ per tob-mile) for a given type 
of cargo between two ports. Time and costs are calculated 
for seven functional groups (port cargo handling, handling 
delay, and waiting time; tow makeup; link operations; lock 
operations and delays) and for towboat, barges, and cargo. 
Input data to the Flotilla Model include (I) waterway net-
work data, (2) commodity type definitions, (3) transporta-
tion class definitions, (4) movement requirements, (5) port 
characteristics, (6) lock characteristics, (7) towboat defini-
tions and characteristics, and (8) barge definitions and 
characteristics. 

Towboat definitions and characteristics include, among 
other inputs: 

Operating cost—the average cost per day of the tow-
boat while under way and engaged in full operations. In-

cluded are direct costs (fuel, labor, etc.) and indirect costs 
(administrative overhead, depreciation, insurance, etc.) 

Maneuvering cost—the average cost per day of the 
towboat while engaged in maneuvering operations at re-
duced fuel consumption rates, such as in port operations 
or station keeping at locks. Included are all of the operat-
ing costs except with reductions in the direct cost portion 
for fuel. 

Although the Flotilla Model is still under development, it 
promises to be a very useful tool for determining the cost 
of commodity movement by barge. 

USDOT Transportation Systems Center's Procedure for 
Estimating Operating Costs 

Of the hundreds of studies of operating costs made over 
the years, most have been done by regulatory agencies or 
rate bureaus. Some have been extremely thorough, com-
prehensive, one-time studies; others are being done on a 
continuing basis: Most are too detailed for convenient ap-
plication to statewide transportation systems planning. Re-
cently, a macro-scale costing procedure was developed by 
personnel at USDOT's Transportation Systems Center in 
Cambridge, Mass., for use in evaluating intercity freight 
transportation systems within the distribution process for 
manufactured and perishable foods (E-7). The procedure 
covers shipments of manufactures by the rail, motor car-
rier, and air cargo modes. 

The procedure first identifies the major combinations of 
equipment and door-to-door services offered by the selected 
modes. These system/service options are given in Table 
E-2. The options are then divided into several functional 
categories for costing purposes, such as line haul, terminal, 
pick-up and delivery, and overhead, which covers all other 
costs as well. Costs identified within each of these func-
tional categories are then further divided into capital, labor, 
fuel, and maintenance components; Table E-3 gives this 
latter breakdown. The functional separation of costs re-
flects rail, motor carrier, and air carrier reporting practices 
to regulatory agencies. 

The actual data used to derive unit costs are extracted 
from carrier reports to regulatory bodies supplemented by 
other published and unpublished data. In general, costs 
reflect 1974 prices and assume full capital recovery of in-
vestment at current interest rates. Average highway user 
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charges were included in motor carrier costs as a surrogate 
for highway maintenance costs. The derived cost estimates 
are based on average equipment types and characteristics 
and common carrier operating practices. 	 - 

The procedure tesulted in preparation of a series of tables 
and charts illustrating the variation in door-to-door service 
cost as a function of length of haul, shipment size, and 
density. Figure E-3 presents in summary form some of the 
cost data developed in the TSC study. In addition, a series 
of charts were developed showing door-to-door service cost 
for a 600-mile haul, by function, on a dollar-per-ton basis 
and by the cost elements of capital, labor, fuel, and main-
tenance on a percentage-cost-per-ton basis. 

Although less detailed than the ICC approach, the unit 
cost figures derived by TSC have appreciable applicability 
to statewide freight planning. Because these are "national" 
figures, apparently no attempt has been made to highlight 
regional differences. 

FREIGHT REVENUES 

In preparing economic evaluations of policies or plans, 
detailed information is often required on the revenues 
earned or the rates or tariffs charged for specific freight  

movements under examination. The purpose of this section 
is to present methods available to states for obtaining reve-
nue data pertaining to (a) railroads, (b) motor carriers, 
and (c) other modes. 

Availability of Rate Data 

Every rate of every common carrier subject to economic 
regulation is a matter of public record in tariffs filed. with 
regulatory agencies. More than one-half of all highway 
traffic and nine-tenths of all domestic waterway traffic is 
not subject to regulation; therefore, public tariffs are un-
available. A 1973 ICC analysis (E.8) showed that 100 per-
cent of railroad, 44 percent of motor carrier, 85 percent of 
oil pipeline, and 9 percent of intercity water ton-miles (in-
cluding deep-sea coastwise and intercoastal) was federally 
regulated. Unregulated motor- carriage consists of private 
carriage (shipper-operated trucks hauling owned goods) 
and exempt commodities (agricultural and seafood prod-
ucts, the carriage of which is exempt from regulation even 
when hauled by a for-hire carrier). Nonregulated water 
traffic consists of that moving in private carriage plus that 
moved by for-hire carriers under conditions that exempt it 
from regulation. Tows on the inland waterways and coastal 

TABLE E-3 

FUNCTIONAL COST ELEMENTS 

TYPE OF 

COST 	 RAIL 	 TRUCK 
	

AIR - 

Terminal 	 Wages, benefits, car 
handling 

Main-terminal handling and 
terminal equipment 

Capital recovery, 
terminal property and 
equipment 

Fuel, terminal car handling 
equipment 

Linehaul 	 Wages, benefits, crew 
Fuel oil 
Maintenance of way 
Maintenance, equip. 
Maintenance shop expense 
Capital recovery, equip. 

Wages, benefits, admin. 
Other admin. office exp. 
Cargo loss and damage 
Promotion and sales 

Wages, benefits, crew, helpers 
Fuel, oil, highway 

user charges 
Insurance 
Maintenance, equip 
Maintenance shop expense 
Salary, benefits, super. 
Capital recovery, equip. 

Wages, benefits, billing, 
handling and other 
office expenses 

Capital recovery, terminal 
property and equipment 

Salaries, benefits, supervision 

Wages, benefits, crew and 
helpers 

Fuel, oil, highway user charges 
Insurance 
Maintenance equip. 
Capital recovery, equip. 
Salaries, benefits, supervision 

Wages, benefits, admin. 
Other admin. office exp. 
Cargo loss and damage 
Promotion and sales 

Wages, benefits, crew 
Fuel, oil 
Insurance 
Maintenance, equip. 
Capital recovery, equip. 

Wages, benefits, billing, handling 
and other office expenses 

Maintenance, ground property and 
ground equipment. 

Capital recovery, equip. 

Wages, benefits, crew and helpers 
Fuel, oil 
Maintenance equip., maint. burden 
Insurance 
Capital recovery, equip. 
Aircraft service, line, control 
Landing fees 
Salaries, benefits, supervision 

Other 

Pickup and 
delivery 

Wages, benefits, admin. 
Other admin., office exp. 
Cargo loss and damage 
Insurance 
Promotion and sales 
Billing expense 
Operating supervision 

Wages, benefits, crew 
Fuel, oil 
Maintenance, equip. 
Capital recovery, equip. 

Source Ref. £7. 
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vessels carrying three or fewer bulk commodities are ex-
empt. The net effect is that 63.5 percent of intercity ton-
miles was subject to federal regulation. Thus, rate data are 
publicly available for less than two-thirds of all intercity 
freight movements. 

Although tariffs with regulatory agencies contain all the 
rates of regulated carriers, there are so many tariffs and so 
many rates that this plethora of information is quite un-
manageable and, in its raw form, does not normally give 
planners what they need, except for the narrowest of analy-
ses where only a few rates are required. Railroad rates 
alone number in the millions and include 75,000 separate 
railroad tariffs ranging in size from a single page to more 
than 1,000 pages. The situation is similar for other modes. 

Sheer volume alone is a barrier to use of tariffs as a 
source, but the problem is further compounded by the many 
conditions of carriage, routing rules, and other regulations 
contained in the tariffs which must be considered in finding 
the rate. In short, the applicable rate for any given move-
ment can be found only by an expert rate clerk. In-
experienced personnel cannot find rates with any degree of 
certainty; the experts themselves make many mistakes. A 
number of small firms, called "audit bureaus," earn their  

livelihood by reviewing freight bills of large shippers to find 
errors in rates paid. Inasmuch as the only lawful rate is that 
published in the tariff, audit bureaus and shippers encounter 
little difficulty in securing adjustment from the carrier when 
errors are found. The audit bureau earns a percentage of 
all amounts saved for the shipper. 

Because of the complexity of tariffs and the consequent 
errors in rating caused by them, a number of studies have 
been conducted to determine if simplification of rate sys-
tems is possible. The objective of these studies is to re-
arrange rates in a form amenable to computerization. This 
concept has been discussed since the early 1960's. Up to 
this point, little meaningful progress has been made in rate 
simplification or computerization. The present rate system 
is so awkward that rating errors have run as high as 34 per-
cent (E-9). The total cost of rating, both in terms of the 
manpower required and the errors caused,, has risen to the 
point where the interest in computerization is growing 
dramatically. 

The large number of rates stems from the fact that a!-
most every commodity (or commodity group) has its own 
"commodity rate" for each pair of points between which it 
moves. The class rate system, a simplified structure that 

SYSTEM COSTS (1974$/ToN) 

200 400 600 1000 2000 3000 
MODE MILES MILES MILES MILES MILES MILES 

GENERAL SERVICES 

Roll 
Box car-Ave. 70-car mixed train 9.04 13.42 17.86 22.42 36.02 47.46 
TOFC-Ave. 70-car mixed train 18.47 26.83 35.06 42.72 65.89 85.00 
TOFC-35-car run through train 14.72 18.67 22.39 30.33 49.72 - 

Highway (TL) 
40' Single rig direct 12.95 23.55 34.15 55.35 108.35 161.35 
40' Single rig via OlD term. 22 36.50 50.95 80 151.50 226 
27' Doubles rig via OlD term. 29.26 44.66 59.86 90.86 167.86 244.86 
40' Doubles rig via O/D term. NA - 
27' Triples rig via OlD term. NA 

Highway (LTL) 
40' Singles rig via OlD term. 59.58 73.14 87.70 116.82 189.62 263.42 
27' Doubles rig via OlD term. 59.45 74.87 90.29 120.82 197.62 274.42 
40' Doubles rig via OlD term. NA 
27' Triples rig via 0/fl term. NA 

Air (CL) 
4-Eng. N.B. freighter aircraft, igloo 143.97 177.34 211.69 276.10 441.51 594.83 
W.B. lower hold aircraft, container 63.10 65.74 68.38 	. 73.66 , 	86.86 100.06 

Air (LCL) 
4-Eng. N.B. freight aircraft, igloo NA 
W.B. lower hold aircraft, container NA 

REFRIGERATED SERVICES 

Roil 
Refr. car-Ave. 70-car mixed train 22.13 31.48 40.80 47.40 69.90 86.40 
Refr. car-70-car run through train NA 
TOFC Refr.-Ave. 70-car mixed train 32.58 46.50 61.08 73.33 111.67 142.17 
TOFC Refr.-35-car run through train 23.92 29.92 35.92 48.00 78 - 

Highway 
40' Refr. single rig direct 13.90 25.30 36.70 59.50 116.50 173.50 
40' Refr. single rig via OlD term. 23.37 38.99 54.86 85.79 163.88 241.98 

Figure E-3. Door-to-door system costs as a function of length of haul, in 1974 $/ton. (Source: Ref. E-7) 
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assigns rates to broad groupings of commodities, provides 
a rate for every commodity, but is used for probably less 
than 5 percent of rail traffic. Class rates are higher than 
commodity rates, the latter being tailored to particular 
movements. Much truck traffic (usually less than truck-
load) moves at class rates; but again, there is usually a 
lower rate available for larger movements. Commodity 
rates are based on market forces, which vary by commodity 
and origin-destination. They are, in effect, negotiated be-
tween carriers and shippers. 

In broad terms, rates are conditioned by carrier costs, 
which set the lower end of a range, and value of service, 
which limits the amount a shipper is willing to pay. These 
are, in turn, functions of commodity transportation charac-
teristics, volume, commodity value, direction of movement, 
carrier competition, market competition, distance, and other 
factors. Commodity characteristics refer to such factors as 
size of shipment, type of car required, methods of handling, 
special services required (refrigeration, protection from 
freezing, etc.) Volume, especially the size of individual 
shipments and cumulative amount of traffic over time, also 
affects carrier costs. A full truckload need not pass through 
a terminal, whereas less-than-truckload shipments usually 
require terminal handling. A multi-car shipment by rail is 
handled at lower unit cost per carload than a single car. 
Repetitive shipments permit a carrier to systemize its ser-
vice, perhaps with dedicated equipment, reducing unit costs 
and therefore rates. 

Carrier competition also fosters reduced rates. Move-
ments for which carrier costs are identical might be •priced 
differently owing to existence of carrier competition for one 
movement and lack of competition for another. Market 
competition refers to competition between suppliers at dif-
ferent locations selling to consumers at a single location. 
Transportation rates are frequently structured to foster 
market competition: California fruits and vegetables com-
pete in New York with those originating in Florida. To 
secure traffic, the transcontinental railroads offer rates to 
permit the California traffic to compete. This kind of com-
petition causes many anomalies in rates. It also, inciden-
tally, presents pitfalls for planners in the development and 
use of rate generating models. Market competition and 
other trade practices create inconsistencies in distance-rate 
relationships and produce cross-hauling of goods in a pat-
tern that seems irrational and is difficult to replicate in a 
model. 

Distance, of course, affects costs and rates. Rates are 
generally higher for shorter than for longer hauls, but they 
are not proportionately higher. This results from relatively 
high terminal costs, which do not vary with length of haul. 
As the terminal cost is spread over greater mileage, the 
average cost per mile decreases. This effect introduces a 
taper in carrier costs and in the rates charged. 

Direction of movement also affects rates. Where an im-
balance exists in the directional flow of traffic, rates in the 
lighter direction may be held at relatively low levels to en-
courage maximum traffic so as to avoid empty back hauls. 

Pricing strategy requires that each movement of traffic 
component pay at least the cost incurred in its behalf, de- 

fined as the marginal; or variable, cost. In addition, each 
movement should make a contribution to the constant costs, 
which are not attributable to particular traffic or move-
ments. The amount of such contribution, above variable 
costs, to be exacted is limited by the value of the service. 
There comes a point where the traffic will not move if the 
rate is too high. The presence of competition also con-
strains the amount of markup over cost. 

Compilation of Rate Data 

Use Revenue Data 

USRA in supporting state rail planning efforts has pro-
vided to northeastern and midwestern states, on request, 
copies-of the magnetic tape file containing railroad traffic 
data on the seven bankrupt railroads for 1972. These tapes 
could be summarized on a commodity or commodity group 
basis to yield average rates, as well as the distribution of 
rates, on a mileage block or on an area-to-area basis. Thus, 
generalized rate tables could be assembled by simply proc-
essing the information contained on these tapes. This, how-
ever, is an exception; this type of detailed information is 
usually not available from other railroads or from other 
modes. Similar data are available from the ICC 1 percent 
rail waybill sample on a territorial and national basis, but 
the sample is too thin for maximum usefulness in the study 
of state or substate freight originating or terminating areas. 
Were the waybill sample to be expanded, it would provide 
a good source of average revenue data. 

Collect Actual Rate Data 

Collecting actual rate data on a large scale is a very diffi-
cult proposition at best. If, for example, county-to-county 
rate data were desired for a single mode in a typical state 
having 60 counties, a table for an individual commodity 
would contain 60 )< 60 = 3,600 cells. Developing a similar 
table for, say 10 percent of the 14,500 theoretically possi-
ble 5-digit commodities that could potentially use motor 
carrier and rail, would yield a million individual rate entries 
within the state, with no data on rates for shipments made 
to and from other states. Such an approach is obviously 
not practical. 

A more reasonable and feasible approach might be to 
develop rate information for a finite number of commodi-
ties, mostly bulk. Rates would be generated only for move-
ment types revealed by traffic flow data. This would keep 
the file down to more manageable proportions and capture 
most of the tonnage. Nonetheless, it should be emphasized 
that this would be a very sizable effort even for a typical 
state having about 60 counties and could be justified only 
if very detailed planning is being done over a statewide 
system. 	- 

On the other hand, this type of approach would be ideal 
where the number of commodities would be quite limited 
and where accuracy and detail are important. There is little 
or no past precedent for this kind of study. However, with-
out detailed work of this kind, the validity of any conclu-
sions involving rates applied on a corridor or project basis 
are questionable. 
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Substitute Proxy Data 

There are existing data sources for both rail (E-10, E-11, 
E-12) and truck (E-13) that reveal revenues either for 
groups of shipments or for individual carriers. These data 
can be arranged and manipulated in various ways to gen-
erate generalized rate curves. 

A prototype for this method is the work by the Trans-
portation Systems Center (E-14) to develop rate data as 
input for mode split simulation. For truck class rates, TSC 
obtained some actual data from the ICC archives and sup-
plemented the rate/distance curves obtained using average 
carrier revenue statistics from TRINC's Blue Book. Be-
cause class rates are expressed as percentages of Class 100 
rates, other class rates were easily estimated. Class rates 
were then factored down using TRINC's data to yield com-
modity rates. This was done by developing rate curves for 
each type of commodity carrier, as shown inFigure E-4. 
Rates for private carriers were generated in a similar man-
ner. In this way truckload (TL) and less-than-truckload 
(LTL) rates were developed for selected commodities, as 
shown in Figure E-5. 

The TSC effort is typical of the kind of results that can 
be obtained with limited time and staff resources. Further-
more, it avoids a massive data collection effort. The amount 
of detail that can be achieved is proportional to the level 
of effort expended. The advantage of this kind of study is 
that it depicts rates on an average systemwide basis fairly 
accurately and at a relatively low cost. The disadvantage 
lies in the fact that very few individual commodity rates can 
be described as average. In fact, there are wide extremes in 
freight rates which, on a local basis at least, would not be  

reflected in rate curves developed on a proxy basis. Other 
studies are under way to develop rates on an analytical 
basis, generally through regression analyses. 

Data developed in this manner are ueful for systemwide 
analysis in that they are relatively accurate and are factually 
based. Use of these data unmodified for corridor or sub-
system analysis should be done with great care inasmuch 
as systemwide averages can not be trusted in situations 
where specific commodity types play a large role in rate 
determination. 

Rate Generating Models 

Several practitioners—namely, Kullman (E-15), Morton 
(E-16), Herendeen (E-17), and Samuelson et al. (E-18)—
have attempted to describe• rate structures using mathemati-
cal expressions. This approach makes good practical sense 
because it is easily manageable and low in cost. It also 
makes a certain amount of theoretical sense because rates 
were originally derived from formuals. 

Herendeen (E-17) presents what is probably the most 
successful approach to this problem, using an individually 
calibrated equation for each mode and commodity classifi-
cation, as follows: 

Rate = /(C, D, SS) 	 (E-1) 

In which 

C = commodity type; 
D = distance of shipment; and 
SS = shipment size. 

8.0 

6.0 

NMFC 

- -
- SERIES 100 CLASS RATES 

- -- 
--- 

TRINC'S AVERAGE REVENUES 
GENERAL COMMODITY 

CARRIER 

SPECIAL CARRIER (REFRIG) 

PRIVATE CARRIER (CONTRACT) 

SPECIAL CARRIER (BUILDING 
MATERIALS) 

400 	800 	1200 	1600 
	

2000 

---PROJECTED VALUES 	 AVG. hAUL (MILES) 

Figure E-4. 1972 Motor carrier average prices. (Source: Ref. E-14) 
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Mileage Blocks General Comodities  

TCC 

IL 
251 

LTL 
TCC 

TI. 
253 

LTI. 
TCC 

TI. 
254 

LTI. 
TCC 

TI. 
261 

LTL 
ICC 

TI. 
262 

LTL 
TCC 

TI, 
263 

LTL 
TCC 

TI. 
264

I.TI. 
TCC 

TL 
265 

LTI. 
TCC 

TI. 
281 

LTI. 

200- 299 4.27 2.42 4.27 1.85 2.42 2.21 1.85 1.00 2.00 1.14 1.85 1.00 .99 1.56 1.99 2.42 1.95 1.14 

300- 499 5.10 2.89 5.10 2.21 2.89 2.64 2.21 1:20 2.38 1.36 2.21 1.20 1.19 1.87 2.38 2.89 2.19 1.28 

500- 999 7.12 4.04 7.12 3.09 4.01 3.68 3.09 1.66 3.33 1.90 3.09 1.66 1.66 2.61 3.32 4.03 2.82 1.65 

1000-1499 9.30 5.27 9.30 4.03 5.27 4.81 4.03 2.17 4.34 2.48 4.03 2.17 2.17 3.41 4.34 5.27 3.81 2.22 

1500- 10.95 6.21 10.95 4.74 1  6.21 5.66 1  4.74 2.56 5.11 2.92 2.56 2.56 2.55 4.01 5.10 6.20 4.94 2.80 

MIN. WI. TO 
QUALIFY AS 

15,000 15,000 12,000 

TI.  

24,000 36.000 36,000 36,000 15,000 30.000 

Figure F-S. Motor carrier rates, in 1972 $1100 wi. (Source: Ref. E.14) 

He then chose the following functional form as best de-
scribing the data: 

	

Rate = a D° SS, 	 (E-2) 

Calibrations using ICC published data resulted in multi-
ple correlation coefficients, R2, ranging from 0.88 to 0.92 
for rail freight carload shipments and R2  = 0.90 for truck-
Load shipments. Herendeen supplemented these equations 
by using actual class rates for LCL and LTL traffic. 

KuIlman (F-IS) formulated rail rates on the basis of 
linear regression equations, as follows. 

Rail rate = 500+ A0  + A, 	(E-3) 
ton 

in which A. is the average tonnage per car and A 1  is the 
average mileage per car. 

This equation was then calibrated for each 3-digit STCC 
commodity. Results obtained with a linear model such as 
this are questionable. 

Morton (E-16) also used regression equations, but did 
not calibrate by commodity. This resulted in an error too 
substantial for all but the most general systemwide analysis. 

Samuelson et al. (F-IS) have developed a comprehen-
sive model relating freight rates to shipment characteristics 
and commodity attributes. The model takes the general 
form 

In Rate = a In Miles + a2 In Weight 
+ a. In Density + a In Value 
+ a5L + a6G + ct7 P + a8F + a9T 

	

± a Shock + ct11H  + a,2 	 (E-4) 

in wbich 

Rate = transportation charge, in cents per hundred-
weight; 

Weight = weight of shipment, in pounds; 
Density = density, in pounds per cubic foot; 

Value = value per pound, in 1972 dollars at wholesale 
prices; 

L = dummy variable for a liquid (L = 1 if com-
modity is a liquid; L = 0 otherwise); 

G = dummy variable for a gas (G = 1 if com-
modity is a gas; G = 0 otherwise); 

P = dummy variable for a particulate (P - 1 if 
commodity is a particulate; P = 0 otherwise); 

F = dummy variable for frcczing tcmftratures 
(F = 1 if freezing temperatures are required; 
F = 0 otherwise); 

T = dummy variable for other temperature control 
required (T = 1 if other temperature control 
required: T = 0 otherwise); 	- 

Shock = dummy variable for shock protection required 
(Shock = 1 if shock protection is required; 
Shock = 0 otherwise); 

H = dummy variable for other special handling re-
quired (H = 1 if other special handling re-
quired; H = 0 otherwise); 

e = base of the natural log; 
a = model parameter. 	- 

The model was calibrated with various waybill sample 
data for rail, truck, and water carriers. Estimation results 
were obtained for rail (carload and TOFC), truck (truck-
load, LTL, and minimum charges), and barge. Multiple 
correlation coefficients for these equations varied from 0.70 
to 0.93. 

Although the results for specific modes differ, the work 
shows that distance is the most important of the shipment 
characteristics, and value and density are the most impor-
tant of the commodity attributes. Special handling require-
ments were not significant in any model. 

These efforts indicate that attempts at developing func-
tional rate relationships have met with mixed success. It 
should be noted that each of these rate functions has been 
used in a generalized system study of a mode split nature. 
For these purposes the functional description yielded suf-
ficient precision. The same accuracy apparently can not, 
however, be achieved in the more detailed studies that many 
states will ultimately want to undertake. Moreover, with 
the possible exception of the rail mode, there is a lack of 
data necessary for calibration purposes. 

Nonregulated Carriers 

The foregoing options require basic rate data that are 
available only for regulated carriers, leaving untouched the 
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problem of how to deal with the unregulated carriers, who 
handle more than one-third of domestic traffic. Two a!- 
ternatives are possible. 	 - 

The first is simply to input regulated carrier rates to the 
private and exempt carriers by highway and water. This is 
the easiest method and may be suitable for some analyses, 
but it would tend to overstate the cost to shippers using 
private modes, because when exempt carriers operate for-
hire their rate levels are somewhat lower than those of 
regulated carriers. 

The second alternative would be to estimate private car-
rier "rates" at carrier cost plus a return to the shipper-
operator. The rationale is that the shipper's cost, which is 
gauged by rates when for-hire carriers are used, is equated 
to the cost of operating his private truck or barge service 
plus the opportunity cost of his capital tied up in the trans-
portation venture. Operating costs could be constructed by 
reference to for-hire carrier costs, but adjusted to exclude 
costs such as billing and terminal operations which the pri-
vate carrier might not incur. 

TRANSPORT TIME AND TIME RELIABILITY 

Time is a major factor determining mode choice and in-
dustrial location. It is also a vital input to network analysis. 
These effects, which are at the heart of the freight trans"nrt 
system, must be accounted for in any economic analysis. 
The purpose of this section is to present the alternatives 
available to states for obtaining data on transport time and 
time reliability. 

Basic Considerations 

Definitions 

Transport time is defined as the total time between that 
hour when the freight is on the shipper's dock ready to be 
loaded and that hour when it arrives at the consignee's place 
of business. The typical single- or multi-mode shipment 
might consist of the time components shown in Figure E-6, 
in which all of the time components are scheduled, neces-
sary, or planned. Some studies, as reported in the follow-
ing, deal only with scheduled transport time. Other stud-
ies, such as waybill studies, would also include unscheduled 
time as a component. 

Time reliability is also a term that requires definition. 
Reliability is defined as the probability that the vehicle 
transporting goods will meet scheduled times for delivery 
to the consignee, that there will be no loss or damage to 
goods, and that the proper rate will be charged by the 
shipper. Time reliability is affected by a number of factors, 
most notably vehicle performance, company oerating prac-
tices, manpower supply, amount of goods handling, weather, 
and vehicle supply. Time reliability can fluctuate irregu-
larly in response to any of the factors mentioned. These 
characteristics make measurement of time reliability an ac-
tivity that must be performed very carefully if it is to 
provide meaningful and accurate results. 

Time and Reliability Data Arrflbutes 

It is useful to record the following items regarding time 
-and reliability data. First, government is dependent on the 
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carriers for this type of information; the data can only be 
obtained through examining schedules or waybill records of 
completed shipments maintained by common carriers for a 
two- or three-year period after the shipment has been made. 
Examining common carrier records is a costly, time con-
suming process and no similar source of records exists for 
private carriers. Second, relatively few transport time and 
time reliability data have been collected or assembled by the 
public sector. Recently the Bureau of the Census used car-
rier records to determine transport time in a pilot study test-
ing the feasibility of expanding the Census of Transporta-
tion. Third, large variations exist in the data, even for 
similar, repetitive shipments, making definitive conclusions 
difficult. Fourth, although great precision is not required in 
the data for systems applications, the number of samples 
required to establish point-to-point travel times for the dif-
ferent modal services being offered is usually quite large. 
However, there may be greater possibilities of data trans-
ference with this type of data than with the cost and 
revenue data discussed earlier. 

Measuring the Cost of Time 

Several analyses (E-19, E-20, E-21, E-22) have made 
reasonable attempts to determine the cost of time both for 
the carrier and for the shipper or consignee. In calculating 
the cost to the shipper or consignee, the approach taken by 
each of these studies is similar. 

The value of time has several components. Many prod-
ucts deteriorate with time, thereby losing a portion of their 
value. There is a cost associated with having goods lie idle 
while in transit. The value of time is greater for those 
goods having a higher monetary value. The value of time 
is similarly sensitive to the value of money, opportunity 
cost, or rate of interest. 

Roberts and Dewees (E-20) have developed a compre-
hensive series of formulas based on inventory theory for 
evaluating the cost of time for freight. 

/VALUE\ 'VALUE S RATE" 
WTT=( DT 	HRSPYR ) 

VALUE RATE). PROTFC 
HRSPYR 

(E-5) 

in which 

VALUE = price of the commodity in the market, in 
dollars per shipping ton; 

TI' = travel time, in hours; 
DT = deterioration time, in hours; 

RATE = interest rate, in percent per year; 
HRSPYR = hours per year; 
VARUSE = percentage variation in daily commodity use 

that will be exceeded no more than a speci- 
fied proportion of the time; and 

PROTFC = one-half the number of standard deviations 
of daily stock use variability needed to pro- 
tect against outage except for a specified pro- 
portion of the time (= 1 for 98.5 percent 
protection). 

The third term on the right side of Eq. B-S is an effort 
to estimate the value of the extra goods in inventory that 
must be carried to provide protection against stockout re-
sulting from fluctuations in the use rate. Similarly, the 
formula for waiting time cost is 

= (WTT >( FACUSE) + SPACE (E-6) 

in which 

FACUSE = a factor that reduces the cost of goods dur-
ing waiting; and 

SPACE = the cost to provide shipping space. 

Because goods may be used during waiting time, 
FACUSE is a factor that reduces somewhat the value of 
time. A third equation is needed to express the opportunity 
cost of goods tied up due to the reliability or variability of 
transit time: 

PROTFC VALUE RATE 
W6= 	 (E-7) 

1TRSPYR 

Table E-4 gives the relative values of these time compo-
nents. 

This analysis was used primarily in a prototype project, 
but it can easily be extended to the system, subregion, or 
corridor levels of planning. What differs between these lev-
els are not the principles of transport time cost analysis, but 
the detail at which the study is done. At the subregional or 
corridor levels, time cost weighting might be generated for 
each transport link or for each commodity or group of 
commodities. At the system level, major routings might be 
examined on a sample basis for major commodity classes. 

Charles River Associates (E-23) has developed a similar, 
but far simpler, concept of time value: 

CIT 
(E-8) 

(365)(24)  

in which 

ST = cost per ton of transit time, in dollars; 
C = the dollar cost per ton of the merchandise shipped; 
I = the cost of interest risk and obsolescence, expressed 

as a yearly rate of interest; and 
T = transit time. 

TABLE E-4 

COST OF TIME COMPONENTS 

cosT 

VAR. OF 
TRAVEL WAITING TRAVEL 

FREIGHT 	TIME TIME TIME 
TYPE 	 (S/TON-Hit) ($/TON-HR) (5/ToN-BR) 

Bulk 	0.041 	0.049 	0.003 
General 	0.362 	0.514 	0.035 
Special 	0.00205 	0.00154 	0.003 

Source: Adapted from Roberts, P. 0., Dewees, D. H., Economic Analy-
sis for Transport Choice, a Charles River Associates Research Report 
(Lexington Mass.: Lexioglon Books 1971), by permission. 
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For the purposes of this computation, CRA assumed an 
interest rate ot 15 percent. 

Eq. E-8 is, of course, a broad generalization and abbre-
viation of the previously described model, yet if it is used 
to represent both the transit and waiting time components, 
it will be in error by no more than 25 percent. This would 
represent a level of accuracy sufficient for generalized sys-
tem studies. The model's weakness is that it does not reflect 
the value of time reliability, which can be a major factor. 
In addition, a different rate of interest must be computed 
for each commodity to represent peiishability and risk, 
something which was not done in the initial CRA study. 

The data requirements of the two models depend on the 
level at which they are being applied. Some of these data 
could be obtained through waybill studies. For the Roberts 
and Dewees model, a measurement of reliability is required, 
presumably from a sample of transit times. This too, al-
though to a lesser degree, could be obtained through way-
bill studies where date of shipment and receipt are indi-
cated. Also needed for the Roberts and Dewees model are 
estimates of several commodity-associated parameters, such 
as value or perishability. These can be done on a system-
wide average basis. 

At a subregional and corridor level, individual link and 
intermediate times are required for both models; however, 
it seems reasonable that commodity-associated data required 
will simply be systemwide averages. 

Data for Estimating Transit Time 

The essential items of data for estimating time costs are 
commodity value and transit time. The former is available 
from a number of secondary sources, whereas the latter can 
be derived using three different methods: (1) analytic 
models, (2) waybill data, and (3) link measurements. The 
three methods differ markedly in the level of effort re-
quired, and in the accuracy and detail derived. None of the 
methods has yet produced results with documented ac-
curacy, although analytic models and waybill data have 
been demonstrated accurately for very generalized work. 
Each of the methods is described briefly in the following. 

Analytic Models 

Several analyses (E-21, E-22, E-24) have modeled rail 
and truck transit time on an aggregate basis. Typical of 
these methods is that proposed by Meyers (E-22) for rail: 

T = Moving time + Siding time + Interchange 
time + Terminal time + Local time 	 (E-7a) 

Sraii 	3rall + 
	

trail / 
T 11  =+ 01 ( 

in 

 ) 
-4—(T1) + m1'_L"1  + L qj1  

(E-7b) 

in which 

in = length of haul, in miles; 
Srau = average road speed by rail = 19.5 mph; 
trail = average spacing between rail interchanges, in 

miles (= 228.5 miles); 
= average time spent in a single interchange, in 

hours (=óhr); 

= average time spent in a single terminal, in hours 
(= 8 hr); 

trail = average spacing between rail terminals, in miles 
(= 140 mi);and 

Lraii = average local delivery time for rail, in hours 
(=48 hr). 

A formula was similarly derived for trucks and the 
method could be easily extended to other modes. This is 
a very simple, general expression that should be employed 
only when aggregate analyses are being performed. 

A disaggregated approach for rail shipments was taken 
by Martland and modified for use by Hartwig and Linton 
(E-24). Martland's original formulation is 

Mean trip time = 3.13 + 0.0007 (MILES) 
+ 0.51 (HUMP) 
+ 0.49 (FLAT) 
+ 0.42 (INTERCHANGE) 
—0.32 (MOVES) 
+ 0.45 (U) 	 (E-8) 

in which 

MILES = mileage between origin and destina-
tion; 

HUMP = number of hump yards traversed 
enroute; 

FLAT = number of flat yards traversed en-
route; 

INTERCHANGE = number of interchanges with other 
railroads; 

MOVES = number of moves per week of 
loaded and empty cars between 
origin and destination; and 

U = measure of unreliability = 1.00 
- (fraction of loads arriving in 
best 3-day period). 

This model is theoretically more precise than the aggre-
gate approach, but requires considerable data, most of 
which are unavailable or are expensive to collect. When 
confronted with this problem, Hartwig and Linton devel-
oped a simplified regression equation, as follows: 

Mean transit time = 125.87 — 0.40416 (miles) 
+ 36.91 (total yards) 
+ 0.00043 (miles)1 	(E-9) 

in which MILES represents the short line miles between 
origin and destination. 

As the authors acknowledge, the low R2  of 0.515 indi-
cates that the equation would not be reliable in predicting 
the transit time of individual shipments. The test of the 
equation, for their purposes, was whether it could predict 
mean transit time between origin and destination. In this 
respect, the model did quite well. 

A similar equation was developed for truck shipments, 
although this effort was far less successful. 

One other method used to predict transit time is train 
performance calculators, such as those produced for the 
Association of American Railroads (E-25) and individual 
railroads. These models attempt to simulate the actual op-
erations of trains at a very fine level of detail, producing 
results similar to those shown in Figure E-7. In these mod- 



117 

2400 

2200 	.______tS.,r_ 	Scheduled Arrival Time 

2000 	
\-_Acual CC-.i 

I. 	I 
t 18001 	 a- 
CH 1600 .1 	 o \Simulated CC-i 
C, 
. 	1400 .1 

	

7 	8 	9 	10 	11 	12 	13 Simulated Date 

	

22 	23 	24 	25 	26 	27 	28 March 1  1971 

Arrival Times of Train CC-i At Council Bluff 

Scheduled Arrival Time 
1000 -- 

-- 

800. Actual CC-S 
H \7\ 0  600 
S. 

400 0mulated CC-S 
'I 

0  200. 
C, 
E 

0000. 

	

7 	8 	9 	10 	11 	12 	13 Simulated Date 

	

22 	23 	24 	25 	26 	27 	28 March, 1971 

Arrival Times of Train CC-B At Chicago 

Figure F-7. Output of AAR simulation model. (Source: Ref.  E-24) 

els, transit time is produced almost as a byproduct. To 
operate these models, a large array of physical and operat-
ing data is required. Consequently, a model of this sort 
would not be used to generate time data unless it was 
simultaneously being used for other purposes. 

Waybill Studies 

Transit times can be obtained directly from waybills 
where, theoretically, both shipment and receipt dates are 
indicated. As might be expected, this is not always the case 
in practice. One study (E.18) found that 40 percent of rail 
shipments and 35 percent of truck shipments were lacking 
these data in whole or in part. If done as part of a small 
sample waybill study or a part of a major traffic flow data 
effort, the collection of time data alone should not entail 
a large expense. Unfortunately, this method of gathering 
time data has some weaknesses. First, as previously noted, 
many waybills are lacking in sufficient time data. Second, 
only total transit times are obtained, which may serve well  

to generate shipper or consignee time costs but may not be 
adequate for other analyses that require link time, inter-
mediate time, etc. Third, it remains a costly, time-
consuming activity that is entirely dependent on searching 
out historical records maintained by common carriers. 

Link Measurements 

Some feel that the highest precision and flexibility in 
measurement of shipment time would result from indi-
vidual time measurement of trip components. To do this 
would require average time measurements along each sec-
tion of track, through each yard and terminal, and at each 
switching point. These link measurements could then be 
aggregated in any fashion to yield transit time for a com-
plete shipment. As an added benefit, reliability could be 
measured for each trip segment and aggregated for each 
shipment. 

Data gathered in this fashion would have an enormous 
variety of uses, ranging from construction of minimum time 
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paths to calculation of link specific time costs. This flexi-
bility has its price though, and it appears that for the im-
mediate future, at least, this type of study is far too ex-
pensive for statewide systems analysis. It does, however, 
remain feasible for smaller subregional study. 

Measuring Time Reliability 

Time reliability has been identified as one of the key 
variables in modal choice models. The notion of reliability 
is based on the amount of variation that occurs around an 
"average" transit time. A shipment that always arrives two 
days behind schedule is considered reliable despite its late-
ness, whereas a shipment that occasionally arrives ahead of 
schedule is considered unreliable. 

Two general approaches to reliability measurement have 
been suggested. The first is based on the idea that if a ship-
ment arrives with an "acceptable" time range, say three 
days, it is on time or "reliable." Outside of this range, it 
is "unreliable." Therefore, the quantitative measure of re-
liability is the percentage of shipments arriving during a 
three-day period. To make this measurement, a fairly large 
number of measurements of shipments having identical 
origin-destination are needed. This kind of measurement 
does not indicate the extremes in unreliability. 

An alternative measure of reliability is simply to compute 
the standard deviation of transport time. This is a simple 
calculation and can be done with fewer data points than the 
previous methods. l-Jartwig and Linton (E-24) calculated 
reliability indices for truck in trip length blocks of 100 
miles, which resulted in reliability indices ranging from 
1.72 to 3.63 days. Similar measurement for rail resulted 
in a range of from 1.42 to 4.57 days. 

If transport time data are collected, they should be in a 
form amenable to measuring or calculating shipment re-
liability. No measure of reliability can be derived from the 
analytical models, however. 

DATA REQUIREMENTS: SUMMARY AND CONCLUSIONS 

The procedures for conducting economic evaluations are 
quite standard and well known. The challenge comes in 
identifying and using the right cost and revenue data. Thus, 
this appendix has presented a number of regulatory agency, 
USDOT, and private researcher methods for transforming 
cost and rate data into summary information suitable for 
application at the systems level. 

Desired Capabilities 

The capabilities being sought by states include among 
others: 

The ability quickly and accurately to measure freight 
system costs and revenues on a systems and/or corridor 
basis. 

Simplification of the tremendously complex, special-
ized, and difficult subject of rates or tariffs into a form 
usable in freight systems planning. 

Assemblage of unit cost data in a form usable for 
freight systems planning. 

Ability to derive measures of transit time and time 
reliability on a system or corridor basis. 

Obtaining essential data to prepare economic assess-
ments showing the costs and benefits to be gained from 
possible governmental investment in freight transportation 
infrastructures nd services. 

Obtaining a clearer understanding and appreciation of 
the key economic-related attributes of freight transportation 
—capital and operating costs, rates or tariffs, transit time, 
and time reliability. 

Program Levels 

Cost and revenue data requirements for the three differ-
ent program levels are described as follows: 

Stage 1. Under this program level, the main emphasis is 
on assembling published information on costs, rates, and 
time. The purpose is (1) to become familiar with the 
readily available data; (2) to identify major cost, rate, and 
time differences between modes on a statewide or corridor 
basis; and (3) to gain a practical understanding of the com-
pelxities of cost, rate, and time data. Data collection efforts 
under Stage I would be simply locating and assembling 
readily available rate and cost data, which would be taken 
at face value. Data would be sought from federal and state 
regulatory agencies, as well as from carriers operating 
within the particular state. States might find it desirable 
to construct generalized mileage-cost and mileage-rate-
weight tables as part of a learning process. No detailed 
analytical work is contemplated at this stage. 

Stage II. Under this program level, the capabilities 
achieved in Stage I would be extended to include assem-
bling alternative sets of data along with an associated 
understanding of how the data were originally obtained, 
and their strengths and weaknesses. The purpose is (1) to 
permit choices to be made between alternative sets of cost 
and rate data; (2) to refine and extend previously identified 
information on cost, rate, and time differences between 
modes on a statewide or corridor basis through further 
detailing by commodity and type of rate or services; and 
(3) to gain further insight and understanding of cost, rate, 
and time data. Data collection efforts under Stage II in-
clude continued assemblage of cost, rate, and time data, 
particularly that from other than governmental sources. 
Other data sets would be explored and evaluated. States 
should construct fairly detailed mileage-cost and mileage-
rate-weight tables to have the data needed for economic 
assessments in a convenient, ready-to-use form. Simple 
analytical models similar to the TSC cost curves might be 
developed. No field work is contemplated at this stage. 

Stage III. Under this program level, the capabilities 
achieved in Stages I and II would be further extended to 
synthesize cost and rate information based on a thorough 
knowledge of carrier-reported data sets. Also, significant 
one-time or periodic analyses plus supplemental data from 
the carriers would be obtained on a regular basis. Under 
Stage 111, synthesized information would largely replace the 
use of historically based data sets, and computerized pro-
cedures would be used to generate cost, rate, and time data. 

At the same time, the increasing need to plan at finer de- 
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actual rates be used for some applications. 	A system of 
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coordinated data assemblage in conjunction with carriers, 
rate bureaus and regi.ilatory agencies should be initiated so International Textbook (1969). 

that information on rates is immediately available to state  U.S. Railway Assn. Northeast Railroad Project. Re- 
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TABLE E-5 

DATA REQUIREMENTS FOR ECONOMIC EVALUATION 

fl4Tt C'ATPIORY DATA IuZQU1RMENTS 

(a) Stage I 

Costs I. Average modal operating costs for selected commodities, by mile- 
age and tonnage blocks. 

2. Typical unit capital cost for selected modal investments (particu- 
larly rail). 

Rates  Average revenue, by commodity. 
 Average mileage, by commodity. 
 Class rates. 

Transport time I. Carrier scheduled times. 

Time reliability I. None. 

(b) Stage II 

Costs  More detailed operating costs, by commodities, by mileage blocks, 
by shipment size, etc. 

 More detailed unit capital costs. 

Rates  Revenue, by shipment size' 
 Mileage, by shipment size' 

Transport time I. Waybill studies. 
2. Sample surveys of total transit time. 

 Length of haul, by shipment, line-haul time, transfer time, delivery 
time, etc.b 

Time reliability 1. Standard deviations, derived from samples of actual shipment 
times. 

(c) Stage III 

Costs  Detailed operating cost data (comparable to that available to car- 
riers and regulatory agencies). 

 Detailed unit capital costs, derived through studies similar to the 
Bechtel study. 

Rates I. Tariff schedules (class, commodity, special). 
2. Tariff rules. 

Transit time I. Time, obtained through field measurements. 

Reliability 1. Additional samples of actual shipment times. 

a Derived from ICC, DOT. USRA data sources 
From analytic models. 
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APPENDIX F 

IMPACT ESTIMATION 

In this appendix, a number of the analytical procedures 
used to estimate the impacts of changes in freight transpor-
tation infrastructure or services are presented as part of a 
continuing identification of the specific types of data needed 

-for statewide freight transportation planning purposes. This 
appendix is the fifth and final one devoted to identifying 
data reqUirements. 

In Appendix A the need for data useful in determining 
direct and indirect impacts was developed based on first 
identifying and then systematically examining important is-
sues or problems. The results indicated a moderate need 
for data for impact estimation purposes. Of the ten sub-
groups of data identified and described in Appendix A, data 
in support of noise, air quality, economic, and safety-related 
assessments were singled out as being the most likely and 
frequently required. Surprisingly, data needed to support 
energy consumptioi calculations did not rank as high as 
was expected. 

The impacts identified through the previously described 
examination of issues or problems turned out to be similar 
to the impacts examined by Battelle Columbus Laboratories 
(F-21) in their environmental assessment of the USRA's 
final system plan for the northeast and midwest sections of 
the country. Battelle evaluated the effects of the rail plan 
on energy, air quality, noise, water quality, and biota stem-
ming from abandoning buildings and facilities, reducing 
service, consolidating and abandoning rail lines, electrifica-
tion and rehabilitation, modernization and expansion of 
facilities and equipment. The effect of both the Battelle 
work and this research has been to reduce the number of 
potential impact analyses having significance and impor-
tance in systems-level freight planning. 

The examination of supporting data needs in this appen-
dix is restricted to items that are unique to freight trans-
portation. Impact estimation obviously depends on traffic 
flow data by mode and information on the physical charac- 
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teristics of each plan or alternative. Of particular interest 
are data giving the emission and noise generation and en-
ergy consumption characteristics of various freight vehicles 
under different roadway, load, and speed conditions. 

As indicated in Appendix A, three types of data are gen-
erally required in determining the amount and effect of 
impacts: (1) the physical characteristics of the routeway 
and the vehicles involved, including loading; (2) the unit 
amount or generation of the effect potentially causing an 
impact; and (3) amhient conditions or the base against 
which impact additions are evaluated. The first and third 
data categories are site- or facility-specific. The second 
type of data should apply universally. 

Why are impact data so important when freight move-
ments per Se cause only a small portion of the air, noise, 
and water pollution stemming from transportation services? 
The answer lies in the combined set of legislative actions, 
international events, and economic problems, largely in the 
past five years, that collectively have established national 
environmental and energy policies. Passage and implemen-
tation of the National Environmental Policy Act of 1969 
has focused attention on air, noise, and water pollution 
impacts, while the limits of energy resources were clearly 
demonstrated in the oil embargo during the winter of 1973. 

Also, FHWA Action Plan requirements mandate that 
states follow an orderly, systematic process in developing 
plans and projects that take environmental concerns into 
full consideration. Because impact assessment has become 
an integral part of the transportation planning process, it 
is obviously desirable to identify impact-related data re-
quirements needed in freight planning beyond those already 
available as a consequence of routine highway planning 
(e.g., noise generation data for heavy trucks as a function 
of speeds and gradients are already available to state 
DOTs). 

Through the use of empirically derived constants and 
equations, most methods transform traffic flow and other 
types of consumption or emission production, by mode, into 
a set of anticipated impacts. Impacts are usually calculated 
separately for each mode and then combined to obtain total 
impacts for a given plan or alternative. The level of so-
phistication of available methods varies appreciably; more 
sophisticated methods utilize more types of and more de-
tailed data on the characteristics of physical facilities and 
simulate actual operating conditions more closely. 

Only primary impacts have been considered in this ap-
pendix; this includes direct effects (change in pollutants 
generated or energy consumed on the mode being consid-
ered) as well as indirect ones (effect of changes in service 
or use of one mode on all the others). Secondary impacts 
are not considered.. An example of the latter is the energy 
required to manufacture vehicles. 

Appreciable effort has been devoted in this appendix to 
identifying methods and data needed for energy consump-
tion calculations. This reflects an expectation that this par-
ticular impact will become increasingly important in all 
phases of transportation systems planning. The techniques 
for determining energy consumption impacts are not as well 
known to state DOTs as the techniques for computing air, 
noise, and water pollution impacts. Of the 21 states that  

had NEPA-type legislation, eight require that selected as-
pects of the direct energy requirements of proposed projects 
be analyzed (F-12). The emphasis on energy consumption 
also reflects the fact that in freight planning, significant op-
portunities do exist for making modal and service trade-offs 
if energy conservation becomes a preeminent state-level or 
Federal policy. 

ENERGY CONSUMPTION 

Transportation activities in the United States consume 
about 25 percent of the total energy used and more than 
52 percent of the petroleum products used. Freight move-
ment accounts for roughly 25 percent of the total transport 
energy or nearly 5 quadrillion (1015)  Btu (5274 quadril-
lion joules) of energy per year (F-8). Total energy con-
sumed by freight movements is stated in British thermal 
units (&u) or joules, because of variations in the amounts 
of energy obtained from different types of fuel. 

Energy consumed in moving freight is a function of a 
large number of physical parameters associated with the 
commodity being carried, the vehicle, the route, and the 
operating environment. Table F-i gives the important fac-
tors affecting energy consumption for the different modes. 
Obviously the importance of the individual factors varies 
appreciably among the different modes. 

Accounting for all of the factors given in Table F-i 
would be extremely costly and would require massive 
amounts of data collection to obtain physical and opera-
tional parameters. The actual computations are entirely 
straightforward and feasible to perform on a regional or 
statewide basis; but, because of the cost, simpler methods 
dealing with fewer factors have tended to be used for state-
wide freight planning purposes. 

There is a discernible shift toward more comprehensive 
methods that would be of value in freight statewide systems 
planning: USDOT, in its work in support of Project In-
dependence (F'-2), developed a detailed model to simulate 
coal movements in the United States. The energy calcula-
tion methods used were not unique but the over-all model 
was noteworthy in that a total energy balance between 
modes was attempted. 

Simulators, such as railroad performance calculators, 
have been developed in recent years by a number of the 
larger carriers to measure performance along a particular 
rail line under different operating environments. Although 
such simulators were originally developed to estimate time 
and operating costs, they can readily be used to calculate 
energy consumptions, because energy is simply one of the 
cost components. The U.S. Army Corps of Engineers is 
developing a similar tool to measure performance on the 
nation's waterways. Although the researchers are not aware 
of any simulators per Se for the motor carrier industry, such 
capability could be achieved simply by extending statewide 
traffic assignment models to include routines for calculating 
energy consumption. The difficulty lies not in the computa-
tions themselves but in data needed on highway system 
geometrics, truck loadings, and the composition of the truck 
fleet. A number of states already have detailed curvature 
and gradient data in their highway information or charac-
teristic files for routes on the state highway system. On the 
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TABLE F—i 

FACTORS AFFECTING FUEL CONSUMPTION 

MODE VEHICLE-RELATED FACTORS 
ROADBED AND OPERATIONAL 
FACTORS LOAD FACTORS 

Rail Size and weight of the rail car Number of trains operated. Train size. Mix of empty and 
(ratio of net to gross tonnage). Track profile and curvature, full cars. Commodity weight 
Type and size of the locomotive. Maximum operating speed. carried per car. Ton-miles 
Fuel consumption rate in gal Number of slow orders. (metric ton-kilometres) 
per hp-hr (litre per kilowatt) Sections having reduced speeds, shipped, by commodity type. 
or gal per ton-mile (litre per Empty return ratio. Corn- 
metric ton-kilometre). modity weight carried per 

truck. 
Truck Type and size of truck. Fuel General route profile. Average Empty/return ratio. Commodity 

consumption rate in gal per operating speed. Number of weight carried per vehicle. 
hp-hr (litre per kilowatt) stops required. Number of Ton-miles (metric ton- 
or gal per ton-mi'e (litre speed changes. kilometres) shipped, by corn- 
per metric ton-kilometre). modity type. 

Port/ Type and size of vessel. Con- Speed of river currents (upstream Empty return ratio. Commodity 
inland dition of hull. Fuel consump- and downstream). Vessel weight carried per vehicle. 
waterway tion rate in gal per hp-hr (litre operating speed. Circuity Ton-miles (metric ton- 

per kilowatt) or gal per ton-mile between origin and desiination. kilometres) shipped, by com- 
(litre per metric ton-kilometre). modity type. 

Air Type and size of aircraft. Fuel Operating speed restrictions. Proportion carried in passenger 
cargo consumption rate in gal per hp-hr Reserve fuel requirements, aircraft. Empty/return ratio. 

(litre per kilowatt) or gal per Commodity weight carried per 
ton-mile (litre per metric ton- aircraft. Ton-miles (metric 
kilometre). ton-kilometres) shipped, by 

commodity type. 

Pipeline Diameter of pipe, Type and yçlocity of fluid. General Viscosity of fluid carried. Ton- 
size of pumping stations, route profile. miles (metric ton-kilometres) 
Fuel consumption rate in gal shipped, by commodity type. 
per hp-hr (litre per kilowatt) 
or gal per ton-mile (litre 
per metric ton-kilometre). 

other hand, most states have fairly meager vehicle classifi-
cation and truck flow data. Developing such a simulation 
capability represents a long-term goal for systems planning. 

Methods of Computing Energy Consumption by 
Rail and Motor Carrier 

In this section, the simpler methods for computing en-
ergy consumption for the rail and motor carrier modes are 
presented first, Then train performance calculators, which 
represent the most sophisticated tool for computing energy 
consumption in common use today, are discussed. Meth-
ods for computing energy consumption by inland water-
ways, pipeline, and air, which are far less advanced, are 
summarized in a later section. 

National Averages 

Type of Method. A number of investigators (F-5, F-7, 
F-fl, F-14, F-16) have developed average values for en-
ergy consumption expressed in Btu's or gallons per ton-mile 
(joules or litres per metric ton-kilometre). These estimates 
of energy intensiveness (with associated references) are 
given in Table F-2. 

General Formulation. As an example of methods based 
on national averages, PMM and JFA (F-5) calculated fuel  

consumption for both rail and truck by equating fuel con-
sumption with resistance to motion in pounds per net ton. 
A graph relating resistance (R), speed for TOFC, truck 
and box car loads was included in their study report. After 
including a conversion for engine efficiency, their equation 
became: 

Gallons (diesel) / 1,000 net ton-miles = 

RXO.2226x(1+_. 0 ) (F-i) 

where S is the speed in mph. Empty return rates were also 
considered. 

Application of Method. Using this method, a test case 
was performed using parameters of: net load, 20 tons (1.8 
trailers/flat car); empty return ratio, truck = 0.15, rail = 
0.4; distance, truck = 500 miles + 10 miles drayage, rail = 
550 miles + 20 miles drayage. The results from this test 
case indicate that trucks would consume approximately 
129 gal (488 litres) of fuel, TOFC 62 gal (235 litres), and 
rail 42 gal (159 litres). 

Data Requirements. Requirements are essentially net ton-
mile (metric ton-kilometre) data by mode and average load 
factors. 

Evaluation of Method. The results from the case illus-
trated are important in that they demonstrate the practi- 
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TABLE F-2 

ESTIMATES OF ENERGY INTENSIVENESS FOR DIFFERENT MODES 

MODE ENERGY INTENSIVENESS (STu/T0N MILE)' 

Railroad: 700(5) 680(7) 750(14) 
Intercity at max. payload of 1,000 tons 550(16) 
Intercity at max. payload of 7,000 tons 330(16) 
Intercity freight 670(11) 500(5) 500(7) 
TOFC 700(5) 
Short fast train 1,430(5) 

Truck: 2,800(5) . 2,800(7) .2,400(14) 
Intercity at max. paload of 25 tons 	. 1,11.0(16) 
Intercity at max. payload of 14.3 tons 2,023(16) 
Intercity freight 2,800(11) 1,900(5) 1,870(7) 

Barge: 500(14) 
Domestic waterway freight 680(11) 500(5) 
Mississippi system 570(29) 

Pipeline: 
Oil only 	 . 450(11) 600(5) 1,850(14) 

Aircraft: 42,000(5) 63,000(14) 
Turbo fan, narrow body 9,100- 

14,700(16) 
turbo tan, wide body' 7,700- 

9,000(16) 
Intercity freight 42,000(11) 

Note: I thu/ton-mile = 723 joules/metric ton-kilometre. 
a Numbers in parenthese, are reference sources from this appendix (F) 

Varying payload and trip iengh.  

cality of this method for 'ballpark" estimating. Similar 
calculations can be quickly made using a variety of 
assumptions. 

If ton-miles (metric ton-kilometres) of local and inter-
city travel were known, better figures for total Etu's (joules) 
consumed could be obtained. Estimates made using na-
tional averages do not consider variations in energy con-
sumption due to the terrain traversed, the densities of com-
modities carried, the types of vehicles used, or the amount 
of deadheading required. 

Estimates of energy intensiveness (El) should not be 
used directly to compare the efficiency of different modes 
because of variations in route length, vehicle net to gross 
ton (metric ton) ratios, and roadbed characteristics. How-
ever, they can be used to convert ton-miles (metric ton-
kilometres) by mode into energy consumption. 

Resistance Equations (Applied to Rail Branch-Line 
Abandonment Situations) 

Given more detailed descriptions of freight flows by com-
modity type, more precise estimates of energy consumption 
can be made. A number of techniques of this type have 
been used or proposed for analysis of branch-line abandon-
ments (F-4, F-21, F-24, F-25). 

Type of Method. As an example of resistance equations 
applied to branch-line abandonment, RCAI and ELBA 
(F-25) made detailed calculations of energy consumption 
based on roadbed and vehicle physical characteristics and 
shipper surveys to compute energy consumption for branch 
lines in Pennsylvania. 

General Formulation. The tractive effort required to 
move freight over a branch rail line was calculated using 

	

TE = ±70( V12  - V22) + (R + 20G + 0.8D) . 	(F-2) 

where 

TE = tractive effort required (lb/ton); 
V1  = initial train speed (mph); 
17 2 = final train speed (mph); 
R = train resistance (lb/ton) at selected speed; 
G 	grade, from track èharts (percent); and - 
D = degree of curvature, from track charts. 

The tractive effort describes the work that must be ex-
pended. by the locomotive to pull the train. Given the 
weight of a train, the total tractive effort required can be 
calculated. This was then converted into horsepower-
hours, from which total fuel consumed was calculated 
using an average rate of 0.06 gal/hp-hr. Fuel used in 
switching operations was calculated by assuming that 0.75 
gal of fuel was used for each car switched. 

For trucks, fuel consumed between the plant and the 
nearest iailhead of the trip was calculated using the weight 
of the commodity carried and the type of terrain traversed. 
Terrain was classified as level, rolling, or hilly. Assumptions 
were also made to describe the number of stops required 
and the average speed (35 mph was used). Equations of 
the following type were then developed and applied for each 
commodity carried: 

d 	Cd 
Fuel consumed = 	 +— 	(F-3) 

(K—Mx) K 
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where 

K = the fuel consumption rate of an unloaded truck on 
various types of terrain (F-26); 

C = empty-return ratio; 1.00 was used for branch-line 
movements and 0.25 for mainline movements; 

M = constant applied to x to account for fuel consump-
tion on various types of terrain; 

x = commodity weight; and 
d = one-way distance traveled. 

For the mainline portion of the haul, the same type of 
equation was used; however, no allowance was made for the 
type of terrain traversed. 

Application of Method. In applying this method in Penn-
sylvania several steps were necessary in developing com-
modity flows, determining the future mode, and calculating 
the number of trucks required. From a survey of branch-
line users, the amounts and types of commodities carried 
by a rail line being considered for abandonment were esti-
mated, including the origin and destination of each ship-
ment. Future modes were identified based on stated user 
preference. The choice lay between nil-truck and truck to 
the nearest railhead and rail for the remainder of the ship-
ment. ICC statistics (F-27) were then used to convert 
commodity flows to truck movements using the average 
weight carried per truckload for each type of commodity. 
The energy consumed by the added trucking was then 
computed. 

Data Requirements. Data required for line-specific cal-
culations of energy consumption included (I) the net weight 
and the origin/destination of freight shipped or received, 
(2) the number of trains operated per week, (3) track 
charts showing curvature and gradient, (4) average operat-
ing speeds, (5) general grade of the highway routes, (6) 
average rail car and truck loadings by commodity type, and 
(7) fuel consumption rates for trucks and locomotives. 

Evaluation of Method. Techniques such as the one de-
scribed are useful and accurate for determining energy con-
sumption along specific routes. However, the results ob-
tained must be studied in their proper context. Based on 
the work conducted in Pennsylvania, energy consumed on 
the branch-line portion of a movement represented less than 
5 percent of the total energy consumed. These methods 
offer quantitative results for the specialized analysis of 
branch-line abandonments; more generalized methods are 
needed to deal with statewide energy impacts of freight 
plans. 

Propulsive Work Calculations 

Morlok (F-22) and Hopkins (F-23) used engineering 
and physics principles to calculate propulsive work require-
ments for line-haul truck and rail movements. The models 
proposed consider the relevant physical mechanisms of en-
ergy dissipation. Energy requirements for rail, truck, and 
TOFC mainline movements were analyzed by Morlok. 
Hopkins compared the energy use of trucks and rail for 
branch-line movements and also calculated energy con-
sumption for different types of mainline rail movements. 
Although the work has been theoretical, realistic parame-
ters of load size, distance, and route profiles have been  

used. Each process used a fairly complex set of mathemati-
cal relationships to describe the work required. 

General Formulation. Equations were developed by 
Morlok (F-22) to describe the work required to move rail 
or truck freight over routes with both level and undulating 
profiles. The work required over level profiles was depen-
dent on the distance traveled, the velocity, and the resist-
ance. Resistance depends on the weight of, the car, the 
velocity of the train, the weight of the shipment, and the 
cross-sectional area of the locomotive. Total resistance was 
calculated using standard procedures explained by Hay 
(F-JO). The initial equation for undulating profiles was 
more complex and considered the length and percent of the 
grade (up or down) and the difference in elevation as well 
as the velocity and weight of the train or truck. This equa-
tion was simplified by considering the net effect of both up 
and down grades, which in many cases compensate for each 
other in terms of energy. If the origin and destination ele-
vations are similar, the equation for level terrain is used. It 
should be noted that this general conclusipn does not apply 
if a ruling grade makes it necessary to add another power 
unit to a train. 

Hopkins (F-23) included a more comprehensive set of 
factors in his analysis of propulsive work required. In-
cluded in the equation were factors similar to Morlok's for 
line-haul and grade operations. In addition, the impacts of 
curves, engine efficiency, and idle conditions were included. 

Application of Method. Morlok used the equations he 
developed to compare the work required by different modes 
to move freight weighing 40,000 lb and 100,000 lb for 
100 miles by rail, TOFC, or truck. The effects of speed 
(25 mph and 55 mph) and grades (1.0% and 2.0%) were 
also included. He concluded that truck was the least af-
fected by undulating profiles; the difference between work 
expended for truck and TOFC movements at comparable 
speeds is small; the lighter the load the more favorably truck 
compared to rail. 

Hopkins applied the equation developed to a number of 
mainline and branch-line examples, using computer pro-
grams to perform the routine calculations. The branch-line 
analysis developed a group of useful curves that relate net 
load carried (in tons) to fuel consumption rates for rail and 
truck movements. The curves show the impact on fuel con-
sumption, (in lb/ton-mile) of different operating conditions, 
grades, locomotive power ratings, and speeds. 

In the analysis of mainline rail movements, the following 
simplified equations were developed from the basic resist-
ance equations using a set of assumptions: 

Fe =717F1 	 (F-4a) 

or 

F=179(l+2F1) 	 (F-4b) 

where Fe  is fuel efficiency, in ton-miles/gal, and F1  is load 
factor as a fraction from 0.35 to 0.7. More precise esti-
mates were made for various grades, speeds, and power-to-
weight ratios. The results from these tests are graphed in 
Hopkins' report. 

Data Requirements. Data needed to calculate propulsive 
work in the equations developed by Morlok and Hopkins 
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include ( 1 ) load factor, (2) grades (ruling grade only for 
Morlok), (3) curves, (4) power units used, (5) speeds, 
(6) mix of car types, and (7) ton-miles (metric ton-
kilometres) shipped. 

In addition, Hopkins used a fuel consumption rafe of 
gallons per horsepower-hour (litres per kilowatt-hr) to con-
vert propulsive work to fuel consumption. Morlok did not 
think that adequate data were available to convert propul-
sive work to fuel consumption. 

Evaluation of Methods. Morlok's approach considered 
fewer variables and only estimated propulsive work. No 
conversions were made to obtain actual fuel consumption. 
Hopkins did develop fuel consumption for both rail and 
truck movements. 

Hopkins also presented a wider range of situations. If 
commodity flows were available for a given system plan, the 
simple equations developed could be used to estimate fuel 
consumption quickly and directly. A load factor for each 
commodity could be calculated from average density values 
and the weight and cubic capacity of rail cars used to haul 
that commodity. This value could then be modified by a 
factor to represent the percentage of empty cars carried by 
the average train. 

More precise estimates could be made for various grades, 
speeds, and power-to-weight ratios. By using the curves or 
a computer program developed from the equations, a state 
DOT could easily model the energy imnacts of alternative 
rail and truck systems. However, simplifying assumptions 
would have to be made to account for the mix of cars in the 
typical train, the general characteristics of grades, and the 
power units used. 

Empirical Estimates 

Type of Method. Energy consumed on specific segments 
can be estimated by using historical operating results and 
new measurements. Changes due to increased or decreased 
volumes can be accounted for by factoring. 

General Formulation. Rail fuel consumption in branch-
line operations in Wisconsin (F-I, F-24) was estimated by 
using 

D 
C= 1--t1 c1 	 (F-5) 

where 

- C = total fuel consumed, in gallons; 
D = length of branch line, in miles; 
S = speed of locomotive, in mph; 
t j  = percentage of time in each throttle position; and 
c = gallons per hour consumed in each throttle position. 

This estimate was supplemented by estimates of the fuel 
consumed in switching operations. 

Similarly, Cope (F-20) used actual test tractor-trailer 
combinations running over a specified route with a constant 
load to determine fuel consumption rates at different speeds. 
The methodology used was straightforward; standard test 
equipment and vehicles were used. In addition to speed 
changes, driving procedures were varied to see what impact 
this would have on fuel consumption. This approach pro-
vided useful route specific data. The impact of different  

loads could be generalized from the specific data obtained 
Application of Method. The Wisconsin method was ap-

plied to study ten sample branch lines scheduled for aban-
donment in Wisconsin. The method is moderately costly 
and requires detailed analysis because of the wide variation 
in branch-line characteristics. Cope used results obtained 
by running six different truck combinations over two Inter-
state routes in Virginia at different speeds with a constant 
load. 

Data Requirements. For rail computations, the line spe-
cific data required include (1) number and type of loco-
motives used, (2) length of the line, (3) average operating 
speed, (4) percentage of time each locomotive is operated 
in each throttle position, and (5) gallons (litres) of fuel 
consumed each hour by type of locomotive and throttle 
position. 

The study by Cope was purely empirical; the only spe-
cific data reported were the characteristics of the trucks 
used in the study and the characteristics of the terrain 
traversed. 	- 

Evaluation of Method. The Wisconsin method is pri-
marily applicable to branch-line analysis; therefore, it has 
only limited usefulness for statewide analysis. If the method 
were used for a more general analysis, it would be difficult 
to obtain the required quantity of input data. It is difficult 
to use this type of fine-grained analysis to study statewide 
changes in freight systems. Nevertheless, if the input data 
and energy calculation equations had been programmed for 
computer use, it would be a workable process. 

The type of experimental procedure used by Cope could 
be useful in statewide planning applications to ( 1 ) validate 
theoretical procedures for estimating fuel consumption and 
(2) empirically determine the influence of proposed speed 
changes and the most efficient operating practices. How-
ever

'
it would obviously be impossible because of excessive 

time and cost to undertake this type of test on a system 
basis. 

Train Performance Calculators 

Type of Method. Many railroads have developed detailed 
computer programs to simulate the performance character-
istics for trains having varying trailing loads over different 
sections of their systems. These programs, referred to as 
"train performance calculators," either have been devel-
oped independently or represent a modification of existing 
programs developed for the Association of American 
Railroads. 

General Formulation. Train performance calculators use 
route-specific inputs such as track profiles (horizontal and 
vertical), speed restrictions, signalization/opposing train 
data, maximum speeds, locomotive and freight car weight 
and operating characteristics, and train resistance equations - 
to calculate the fuel consumption for different train con-
sists. TPC charts are produced that show the total ?unning 
time over a subdivision against the weight-to-power (W/P) 
ratio used. Fuel consumption is shown by a single curve 
read in gallons per 1,000 horsepower (nominal) cOrre-
sponding to any running time or W/P ratio (F-17). 

Application of Method. Various specific problems of in-
terest to railroad management have been studied using the 
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TPC programs, including analysis of signal spacing, motive 
power scheduling, running times (with possible variations 
for different power and trailing weight combinations), and 
terminal management strategy (F-28). Of particular inter-
est to state agencies are the TPCs developed by the St. Louis-
San Francisco Railway Company and the Southern Railway 
Company. If assumptions about average train size and 
characteristics can be made using commodity flow data, it 
is possible to compute minimum running times and fuel re-
quirements for a given train operating over a track segment. 
For the Southern system, track profiles and speed restric-
tions are maintained on tape for the entire system and the 
appropriate information is available for input into the TPC. 

Data Requirements. As noted, train performance calcu-
lators are route-specific; therefore, if a TPC is available, the 
only information required for its operation is commodity 
flow data, speed, consist of trains used (probably different 
characteristics for different commodities) and empty-return 
ratios. 

Evaluation of Method. This type of data base and proc-
essing capability is invaluable in the calculation of fuel con-
sumption on a statewide basis. Initial contacts with the rail-
roads operating in a state should determine whether TPC 
capability exists, what portions of the system are covered, 
what administrative arrangements can be made by the state 
DOT to utilize the programs and data base, and what data 
are required to make the program applicable statewide. By 
gaining access to a TPC, a state DOT can save a great deal 
of primary data collection effort while at the same time 
gaining greater accuracy in their estimates of fuel consump-
tion for alternative freight rail plans. It is generally more 
efficient for states to contract with railroads for providing 
such services rather than to attempt to develop the capabil-
ity internally. 

Performance calculators either have not been developed 
or have not reached similar sophistication for the other 
freight modes. The U.S. Army Corps of Engineers is pres-
ently developing a "Flotila" model that would simulate op-
erating costs and performance on the inland waterway sys-
tem. Simulators for the other modes are proprietary tools 
developed by individual carriers for internal purposes. 

Methods for Computing Energy Consumption 
by Other Modes 

There are three other modes—ships and barges, pipe-
lines, and aircraft—available for moving freight. The 
limited data available on energy consumption for these 
three modes are described in the following. 

Waterborne Freight 

Types of Methods and Applications. Research on the 
energy consumed in moving waterborne freight is not as 
extensive as that devoted to rail and truck freight move-
ments. Hirst (F-li) has cited an average energy intensive-
ness of 680 Btu/ton-mile (491 640 joules/m ton-km) as 
suitable for order-of-magnitude estimates. This estimate 
was based on information compiled by Mooz (F-18). 

A detailed listing of energy intensiveness by Sebold (F-29) 
gives a range of values between 415 and 680 Btu per ton-
mile (300 045 to 491 640 joules/m ton-km). In his study, 
he compared the actual energy intensity of rail and barge 
movements in the Mississippi Corridor. He used the fol-
lowing procedure, which accounted for the difference in 
circuity between the two modes: 

Estimate existing barge commodity flows in 290 origin-
destination pairs. 

Locate rail routes that would serve as substitutes and 
estimate the mileage of rail and barge routes between the 
290 O-D pairs using Rand-McNally Handy Railroad Atlas 
and 1972 Interstate Port Handbook. 

Determine individual energy intensity for each rail 
line used through personal communications with ICC offi-
cials and use of ICC Transport Statistics in the United 
States. 

Calculate total ton-miles that would be moved by sub-
stitute rail and those actually moved by barge. 

Convert barge ton-miles to rail ton-miles to account 
for circuity. 

The results of the study showed that to move the same 
amount of freight between the same origins and destinations 
in the Mississippi Corridor, barge was less energy-efficient 
than rail because of greater circuity. This illustrates the 
importance of circuity in any comparison of energy inten-
sity between modes. It also illustrates that even an analysis 
made using average energy intensiveness factors can be 
meaningful when they are applied to actual route and 
freight movement data. 

More detailed calculations can be performed using the 
equation for resistance found in Hay (F-3) to calculate 
propulsive work. Using this equation, a model could be 
developed that would calculate horsepower requirements 
for different commodities in different types of vessels. 

Data Requirements. If energy intensiveness values are 
used to calculate energy consumption, the only data re-
quired are the ton-miles (metric ton-kilometres) shipped, 
which can be obtained from commodity flow information. 
If a more complex analysis is performed using the resist-
ance equations, information would be required on (1) the 
type and size of the vessel, including displacement, wetted 
length of hull, friction factor, and cross-sectional area, and 
(2) operating speed and speed of current. 

Evaluation of Methods. The simpler calculation methods 
using energy intensiveness san be readily applied to obtain 
statewide "ballpark" estimates of energy use. More precise 
estimates using the resistance equations are more difficult to 
perform because no methods are currently available to con-
vert horsepower-hours to fuel consumption for marine 
power plants. Recently the Energy Research and Develop-
ment Administration (ERDA) let contracts to study the 
"energy use patterns" of the "ship transport sector." The 
research will study the energy intensiveness of different 
types of vessels carrying different types of freight for typi-
cal duty cycles (F-30). The results of this research will be 
useful for states interested in measuring energy consump-
tion on waterways. 
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Pipelines 

Types of Methods and Applications. In 1970, pipelines 
accounted for 20 percent of intercity freight traffic and 
about 1 percent of transportation energy used.. On a na-
tional average, pipelines used from 450 to 1,850 Btu per 
ton-mile (325 350 to 1 337 550 joules/m ton-km). Peat, 
Marwick and Mitchell (F-5) suggests using a value of 
600 Btu per ton-mile (433 800 joules/m ton-km). As this 
wide range of values indicates, there are many factors (in-
cluding pipe diameter, fluid velocity, and viscosity) that 
have a significant effect on the energy intensiveness of each 
specific pipeline. A more specific analysis can be conducted 
using the resistance equations developed by the oil and gas 
industry explained in Hay (F-3). The flow must be classi-
fied as streamlined or turbulent and then the proper equa-
tions must be used for the type of flow identified. The re-
suits are stated in pressure loss per length of pipeline, a loss 
that must be compensated for by the addition of extra 
energy at pumping stations. The wide range of values pos-
sible is indicated in Table F-3, developed by Hirst (F-li). 

Data Requirements. Simple analysis of energy consumed 
in pipeline movements can be conducted using only the 
commodity flow data. A more precise analysis can be made 
using the values calculated by Hirst if the pipeline diameter, 
the viscosity of the fluid, and the velocity of the fluid are 
known. To use the resistance equations would require the 
pipeline diameter, the fluid velocity, the fluid density, the 
fluid viscosity, and the length of the pipeline (with elevation 
changes noted). 

Evaluation of Methods. Detailed methods to calculate 
energy requirements for pipeline movements have been de-
veloped by the oil and gas industry. These methods provide 
information on the amount of work required to move liq-
uids in pipelines. Unfortunately, they are very site-specific 
and many require more data than are available for state-
wide planning. More general methods may result from 
research being conducted for the Energy Research and 

Development Administration. This research should provide 
more general energy calculation procedures for pipeline 
movements (F-30). 

Air Freight 

Types of Methods and Applications. Freight moved by 
air represents less than 1 percent of the total freight move-
ments, yet it consumes a more significant amount of the 
transportation energy used for freight movement. The exact 
amount of energy consumed can not be clearly stated be-
cause air freight is hauled by both cargo and passenger air-
craft. No satisfactory method is available to allocate fuel 
to freight movement on flights that carry a mix of passenger 
and freight traffic. In terms of value, about 57 percent of 
the total air freight movements are carried by passenger 
aircraft. By using a set of assumptions that prorates pas-
senger and baggage weight with freight weight, Hirst (F-li) 
developed an average measure of 42,000 Btu per ton-mile 
(30 366 000 joules/m ton-km). For freight carried by 
cargo aircraft, the average energy consumed was 27,000 
Btu per ton-mile (19 521 000 joules/m ton-km). 

This method does not consider the major variations in 
fuel consumption that exist between the various types of 
aircraft. Mays et al. (F-13) considered these differences 
along with others in the methods used to report airline 
freight movements and fuel consumption stMistics. They 
measured freight movement distances in payload great-
circle miles, which is the product of the weight of the ship-
ment times the shortest distance (as measured in great-
circle miles) between the two points. This is the generally 
accepted measure used by airlines to record distance mea-
surements. Comparisons were made of the relative effi-
ciencies of various modes in moving low-density freight. 
The general conclusion is that air freight carried in the 
average air freighter used seven times as much energy as 
express trains and four times as much as trucks. 

Data Requirements. Estimates of energy consumed by 

TABLE F-3 

PIPELINE ENERGY INTENSIVENESS' 

ENERGY INTENsIvENEss (BTU/TON-MILE) 5  

PIPELINE FLUID CALIFORNIA LIGHT ENGINE 
DIAMETER VELOCITY KERO5INE 	 CRUDE OIL OIL 
(IN.) (FT/SEC) (0.00001 FT!5EC) 	(0.000075 ET/SEc) (0.0005 ET/sEc) 

8 3 180 	 290 460 
6 590 	 960 1500 
9 1330 	 1860 2870 

20 3 60 	 90 140 
6 220 	 310 490 
9 450 	 660 980 

32 3 30 	 50 80 
6 130 	 170 270 
9 260 	 360 540 

Source: Hirst (F-Il). 
Nole: 1 iltu/ton-mile = 723 joules/metric ton-kilometre. 

Assumes 29.5 percent efficiency in delivering energy to motor and 80 percent efficiency of the motor-pump 
set. 

b At 80' F. 
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air movements can be made if commodity flows by air are 
available. More precise estimates are possible if the actual 
mix of freighter and passenger aircraft hauling freight is 
known. In addition, the aircraft duty cycles should be con-
sidered, with penalties for terminal and enroute maneuvers, 
reserve fuel carried, and operation speeds. 

Evaluation of Methods. The amount of freight carried 
by air is very small and specialized when compared with 
movements by truck, rail, pipeline, and water. Detailed 
estimates of energy consumption may not be particularly 
meaningful because of this small volume. Use of nation-
wide averages does not produce satisfactory results because 
of the unique characteristics of air freight movements, but 
the more detailed process described by Mays (F-13) may 
require more specific data than are available for statewide 
planning. 

AIR POLLUTION 

The emissions that contribute to air pollution range from 
highly toxic gases at one extreme to minute solid particles 
and to relatively harmless discharges (water vapor) The 
five primary pollutants are carbon monoxide (CO), hydro-
carbons (HC), oxides of nitrogen (NOt), sulfur oxides 

(SOs), and particulates. On a national scale, pollutants 
from internal combustion engines (used primarily for trans-
portation) are responsible for more than 70 percent of the 
carbon monoxide, 56 pecent of the hydrocarbons, and 
50 percent of the nitrogen oxides (NOt  as NO2 ). Rela-
tively minor contributions are made to total particulates 
(2.5 percent) and sulfur oxides (3.4 percent) from trans-
portation sources. On a statewide basis, consideration of 
the first three pollutants is usually adequate in analyzing 
alternative freight system plans. 

The harmful characteristics of each pollutant have been 
extensively documented (F-37, F-38). Suffice it to say that 
carbon monoxide is an extremely poisonous gas; it is fatal 
in concentrations of 1,000 ppm or greater. Oxides of nitro-
gen and hydrocarbons are not as inherently dangerous, but 
when combined in the presence of sunlight they combine in 
a photochemical process to produce smog. 

The Clean Air Act Amendments of 1970 are the most 
comprehensive Federal regulations dealing with air quality. 
They require that states measure pollutant levels and com-
pare existing levels with the Federal air quality standards. 
These measurements are made for Air Quality Control Re-
gions (AQCR's), which consist of contiguous counties that 
are affected by the same air pollution sources. States were 
required to develop in the early 1970's air quality imple-
mentation plans to ensure that Federal standards would be 
met by 1977. As part of these plans, some of the larger 
metropolitan areas were required to develop transportation 
control plans that would reduce total emissions from motor 
vehicles by restricting their use in congested areas. The im-
pact of alternative freight system plans on air quality would 
necessarily be considered in more detail in those AQCR's 
requiring a reduction in emissions. 

Examples of relative importance of air pollution gen-
erated by freight movements are given in Table F-4. The 
share attributable to freight transport is small, with the 
greatest impact occurring for emissions of NO where 
trucks and locomotives combined account for an average 
of 3 percent of the total emissions. It should be noted that 
this proportion does not include emissions from gasoline-
powered trucks, which account for about 13 percent of the 
total VMT driven on urban streets. Emissions of CO rates 
from these vehicles would be higher than from the diesel-
powered trucks, but NO emissions rates would be lower. 

TABLE F-4 

1970 LOCOMOTIVE AND DIESEL TRUCK AIR POLLUTANT EMISSIONS 
FOR FOUR INDIANA AIR QUALITY CONTROL REGIONS 

AIR QUALITY 
CONTROL REGION 

soURce 

POLLUTANT EMIS5IONS (TONS/YEAR) 

PARTICU- 
LATE 	 SO, 	CO FIC NO 

Chicago 
Diesel trucks 231 424 3,063 612 3,204 
Locomotives 182 472 509 363 545 
All 380,797 514,818 730,104 112,721 144,829 

Louisville 
Diesel trucks 71 127 917 184 959 
Locomotives 35 90 98 70 104 
All 35,778 131,024 89,543 18,874 30,182 

Cincinnati 
Diesel trucks 35 63 452 91 473 
Locomotives 6 15 16 12 18 
All 59,432 166,450 25,010 5,489 44,566 

Indianapolis 
Diesel trucks 551 992 7,155 1,431 7484 
Locomotives 234 606 650 466 701 
All 85,347 179,117 741,369 161,322 114,205 

Source: The Stale of Indiana Air Pollution Control Implementation Plan, Volume I. Indiana State Air 
Pollution Control Board (Jan. 1972). 

Note: I ton = 0.907 metric ton. 
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Method to Determine Air Pollution Impact 

The general process for air pollution impact analysis is 
to (1) measure ambient levels of pollutants, (2) estimate 
the additional or incremental pollutants generated likely to 
occur as a result of the project or plan, and (3) estimate 
the impact of the pollutants generated on local air quality. 
Different levels of detail can be used, depending on where 
existing air quality stands in relation to Federal and state 
standards and the sophistication of the estimates of fuel 
consumption. The effect of each of these factors on the 
three steps is discussed more fully in the following. 

Measures of ambient air pollution usually can be ob-
tained from the state agency responsible for developing and 
supervising the air quality implementation plan. Unfortu-
nately, such emissions data are only useful for general 
analysis because the information from monitoring stations 
is available only at a few specific points, or at best gives 
estimated yearly concentrations for a region• (F-36). In-
puts into the more sophisticated models described later re-
quired emissions data at receptor locations adjacent to the 
faeility being proposed. This type of information can only 
be obtained through site-specific measurements. 

Estimate the Amount of Pollutants Generated 

Estimates of total pollutants emitted for different freight 
plans can be made using a direct conversion from fuel con-
sumption to emissions generated. Therefore, the accuracy 
of the estimate of emissions generated is related directly to 
the accuracy of the fuel consumption estimate. The best 
current source for conversion factors is the EPA Compila-
tion of Air Pollutant Emission Factors (F-35). Conversion 
factors are given in this report for heavy-duty diesel-
powered vehicles, aircraft, locomotives, and ships. The 
limitations and general accuracy of the data have been 
rated by EPA from A through E. The meaning of each 
rating is given as: 

For a process with an "A" ranking, the emission factor 
should be considered excellent; i.e., based on field mea-
surements of a large number of sources. A process ranked 
"B" should be considered above average; i.e., based on a 
limited number of field measurements. A ranking of "C" 
is considered average; "D" below average; and "E" poor. 

Data are available for (a) stationary gas turbines and 
(b) heavy-duty, general utility, gaseous-fueled engines; 
both are used to operate pumping stations on some pipe-
lines. The data required to use each of these tables vary 
and are discussed briefly in the following, 

Data Requirements for Heavy-Duty 
Diesel-Powered Vehicles 

Emission factors for heavy-duty diesel engines used in 
most intercity trucks are given in Table F-s. Diesel-
powered trucks generally emit larger quantities of sulfur 
dioxide and nitrogen oxide than automobiles, but they emit 
less hydrocarbons and carbon monoxide. The conversion 
factor given in the table can be applied if either the total 
fuel consumed is calculated or the total miles traveled is 
available. The former would be more accurate because  

variations due to engine size, load carried, topography, and 
operating conditions would be taken into consideration. 

Data Requirements for Locomotives 

Railroad locomotives are used in switching and line-haul 
operations. Emission factors for the five basic types of en-
gines within these two groups are given in Table F-6. Total 
emissions can be calculated using the fuel consumption 
values calculated previously or the estimate of horsepower-
hours required. For system planning, major emphasis will 
be on the road engines. The wide variation among the three 
types of road engines can be accounted for directly if the 
information is available on the type of power units that 
would be used. If there is some doubt, the values can be 
averaged based on the mix of locomotives used by the rail-
roads within a state. Switch engines may have a small im-
pact within a local area if changes in yard size, location, or 
operations are proposed. 

Data Requirements for Other Modes 

The emission factor data for inboard-powered vessels 
have been broken into two categories—steamships and 
motor ships. The former have steam turbines driven by 
external-combustion oil-fired engines; motor ships operate 
using internal-combustion diesel engines. The accuracy of 
the emission data developed for ships is only rated at "D," 
so it should be used only for order-of-magnitude calcula-
tions. In addition, the type of vessel or tow power required 
must be specified. Finally, the emission factors are divided 
into time under way and time in berth, so that these two 
variables must be known or estimated. 

Emission rates are given in the EPA report for different 
types of aircraft. If the mix of freighter aircraft is known, 
more accurate emission estimates can be made. It should 
be noted that input into this process is the number of land-
ings or take-offs from an airport rather than total fuel con- 

TABLE F-S 

EMISSION FACTORS FOR HEAVY-DUTY, DIESEL- 
POWERED VEIIJCLES.a  EMISSION FACTOR 
RATING: B 

POLLUTANT 

EMISSION 

LE/lO' 
GAL 

ico/lO' 
LITRE 0/MI 0/KM 

Particulate 13 1.6 1.2 0.75 
Sulfur oxides b  27 3.2 2.4 1.5 
Carbon 

monoxide 225 27.0 20.4 12.7 
Hydrocarbons 37 4.4 3.4 2.1 
Nitrogen oxides 370 44.0 34 21 
Aldehydes d  3 0.4 0.3 0.2 
Organic acids 3 0.4 0.3 0.4 

,
Data based on weighting factors applied to actual tests conducted at 

various load and idte conditions with an average gross vehicle weight of 
30 tons (27.2 MT) and fuel consumption of 5.0 mi/gal (2.2 kni/litre). 

SOr as SO,; data based on fuel with 0.2 percent average sulfur content. 
NO, as NO,. 
(As HCHO). 
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sumed in operations or miles traveled, as has been the case 
for other modes. 

Emissions factors for stationary gas turbines and heavy-
duty, general-utility, gaseous-fueled engines are also given 
in the EPA report (F-35). These represent the type of 
power units that might be used with pipelines, although 
electric pumps might be used also. If the pumping units 
proposed for a pipeline were specified, the values for 
emission factors given in these tables could be used. 

Estimate the Impact of Pollutants Generated 

Compare Total Weight Generated 

The simplest and most direct way to estimate the air 
pollution impact of various freight system plans is to apply 
the emission factors and compare the total weight of pollu-
tants produced by different plans. This burden" type of 
assessment can be done on a statewide basis, a regional 
basis (AQCR's), or along a corridor. These types of esti-
mates have been made for analysis of the Conrail system 
plan done by Battelle (F-6) and for branch lines in Wis-
consin (F-I) and Pennsylvania (F-25). To determine if 
more detailed modeling is required, the magnitude of the 
differences and the significance of the impact can then be 
compared with the base values. The existence of transpor-
tation control plans within an AQCR is a general indication 
of the severity of present pollution levels and the potential 
need for detailed assessment should the results from the 
burden analyses indicate a potential increase in emissions. 

Compare Concentration Generated 

In areas where a more detailed analysis is required to 
determine actual air pollution damage, it will be necessary 
to actually estimate the concentration of pollutants using 
the following process: 

I. Locate receptors that might be impacted. 
Develop methods to estimate concentration of the 

pollutants at the receptors using existing or new dispersion 
models. 

Estimate the pollutants generated by the alternative 
system being tested using the conversion process cited 
previously. 

Determine the other input variables required for the 
dispersion model, including meteorological data and exist-
ing concentrations. 

Determine the length of time receptors are exposed to 
levels of pollutant concentration and assess the impact of 
these concentrations relative to the Federal standards. 

Steps 2, 4, and 5 in this process are the most difficult 
because they have to be done at a very fine level of detail 
using sophisticated modeling techniques. In fact, no pollu-
tion dispersion models have been developed for locomotives 
or shipping vessels. However, models for dispersion for 
highways are described in work by the FHWA (F-37) and 
the EPA (F-38). In addition, work has been done on dis-
persion around airports for the FAA (F-33) and the EPA 
(F-31). Any of these models could be applied to analyze 
the detailed impacts of the air pollution generated by freight  

movements. There are several reasons why this level of 
detail will probably not be required. First, freight move-
ments generate only a small proportion of total pollutants 
in an area. Second, trucks and planes carrying freight rep-
resent a small proportiOn of the total vehicle mix. Third, 
except for airplanes (where concentrations exist around air-
ports) the major freight movements of interest to statewide 
planners are between rather than within urban areas. 

If, after careful consideration of these factors, an agency 
still feels that detailed modeling of air pollution is required, 
the analyiis should be a coordinated activity between the 
state agency responsible for air quality control and the state 
DOT. The total air quality of a region could be modeled 
and then the amount resulting from freight movement could 
be separated from the amount generated by other sources. 

NOISE POLLUTION 

The impact of a freight system plan on noise levels must 
be considered in a different context from the impacts dis-
cussed previously because of the localized and noncumula-
tive character of noise. Adverse effects of noise, if any, 
generally occur within about 1,000 ft (305 m) of a high-
way and within 3,000 It (914 m) of a railroad. Noise im-
pact distances for airports vary due to the particular char-
acteristics of the landing and take-off cycle. The critical 
element is the location of persons with respect to the noise 
and their perceptions of the change in noise level. 

Concern about increasing noise levels led to the Noise 
Control Act of 1972, which established a national policy 
designed 'to promote an environment for all Americans 
free from noise that would jeopardize their public health 
and welfare." Although the act placed primary control for 
source regulation (i.e., vehicles) on the Federal govern-
ment, states and other political subdivisions have the right 
to control the use of noise sources and set permissible noise 
standards (F-45). 

Noise Criteria from HUD Guidelines 

Type of Method. The simplest procedure for determin-
ing the impact of increased noise levels is to use the curves 
derived by Schultz (F-44) shown in the HUD booklet, 
Noise Assessment Guidelines (F-48). By using the curves, 
the more complex modeling process described later can be 
avoided. The curves relate the number of vehicles or air-
craft (in the vicinity of an airport) to the distance from 
the source. The distance can be modified using factors to 
account for various shielding effects. Noise levels at dif-
ferent distances are rated on the graphs as clearly accept-
able, normally acceptable, normally unacceptable, and 
clearly unacceptable. Rail noise is rated using the same 
criteria, but no allowance is made for the number of trains 
per day. 

Data Requirements. Heavy truck daily volumes or the 
number of day and night landings and take-offs from each 
runway of an airport are required for use of the curves. 
Noise from railroads is predicted by use of a table that re-
lates the HUD acceptability criteria to distance from the 
right-of-way. The populations at different distances from a 
road, track, or airport runway are also required to deter-
mine relative impacts. 
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TABLE F-6 

EMISSION FACTORS BY LOCOMOTIVE ENGINE CATEGORY 
EMISSION FACTOR RATING: B 

ENGINE CATEGORY 

2-STROKE 2-STROKE 2-STROKE 
SUPER- SUPER- TURBO- 
CHARGED 	4-STROKE CHARGED CHARGED 	4-STROKE 

POLLUTANT 	 SWITCH 	SWITCH ROAD ROAD 	ROAD 

Carbon monoxide: 
lb/103 gal 84 380 66 160 180 
kg/los  litre 10 46 7.9 19 22 
g/hp-hr 3.9 13 1.8 4.0 4.1 
g/metric hp-hr 3.9 13 1.8 4.0 4.1 

Hydrocarbon: 
lb/los gal 190 146 148 28 99 
lb/1 5  litre 23 17 18 3.4 12 
g/hp-hr 8.9 5.0 4.0 0.70 2.2 
g/metric hp-hr 8.9 5.0 4.0 0.70 2.2 

Nitrogen oxides: 
lb/102  gal 250 490 350 330 470 
kg/102  litre 30 59 42 40 56 
g/hp-hr 11 17 9.4 8.2 II) 
g/metric hp-hr 11 17 9.4 8.2 10 

Source: "Compilation of Air Pollution Emission Factors." Office of Air Quality Planning and Standards 
U.S. EPA, Rtsearch Triangle Park, N.C. (July 1974). 

NO, as NOs. 

Evaluation of Method. The main advantage of the HUD 

criteria is that they can be used without any complex cal-
culations or references to the various types of physical noise 

measurement. The results, although not precise, do provide 
a clear indicator of the impact of various plans. The meth-

ods provided reflect the public awareness of truck and air-

port noise, whereas noise from trains is not treated in as 
much detail. Therefore, the curves provided to calculate 

truck noise are more useful than the table provided for rail 

noise because the results vary with the daily truck volume. 
The number of trains per day, a significant variable in 

freight system planning, is not considered. 

Noise Modeling 

Noise is a physical phenomenon that has three measur-

able characteristics—volume (sound pressure), frequency 
(pitch), and variability. To model the volume of sound, 

units of decibels (dB) are used. To account for the varia-

tion in human response to different frequency of sounds a 

weighting scale (A scale) has been developed. For this 

scale, high frequencies are weighted more heavily than low 
ones to simulate human response. 

Experiments have revealed that this scale is useful for 

simulating human response to rail and traffic noise. A 

I -dBA change in sound levels cannot be detected by most 

people, a 3-dBA change is easily noticed, and a 10-dBA 
change is judged to be a doubling (or halving) of noise 
volumes. 

Variability in sound levels refers to periodic fluctuations 

that occur due to changing traffic volumes or isolated oc-

currences (e.g., the passing of a freight train). This vari-
ability is generally accounted for by using one of the follow-

ing four measures: 

Equivalent sound level (L0q ): Represents a constant 
sound level, which, for given condition and duration, will 

have the equivalent sound energy as a time-varying sound. 
To account for increased nighttime sensitivity to sound, a 

modified version of the L 1, the day-night equivalent sound 
level (Lh),  has been developed. The L51,, weights nighttime 
noises (10:00 pm-7:00 am) by an additional 10 decibels. 

Statistical noise level (L3: Used in the analysis of 
highway noise to represent the percent of time a given noise 
level is exceeded. FHWA and state DOTs generally use 

noise levels in determining impact. 

Single-event noise equivalent level (SENEL): Mea-
sures the subjective response to isolated events, such as 

trains passing. 

Aircraft sound description system (ASDS) and noise 
exposure forecasts (NEF/L 1 ): Two complex measures 

developed by the FAA, the EPA, and HUD to quantify 

aircraft noise. 

The noise impact of a specific project can be calculated 

using the following three-step process: 

1. Measure or estimate existing noise levels and quantify 

the impact for different land uses. 
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Identify criteria for acceptable noise levels. National 
criteria are available from IIUD (F-49), EPA (P-45), and 

FHWA (P46). State and local laws and agencies should 

also be screened to determine if any state or local regula-
tions have been issued. 

Estimate new noise levels for each alternative freight 
transportation plan and compare the noise levels with the 

criteria. 

The techniques available to estimate the noise impact for 
each of the alternativemodes are discussed in the following. 

Highway Noise 

Type of Method and Application. As explained previ-

ously, in this report "motor vehicles" refers to trucks only. 
However, when noise analysis is considered, the combined 
impacts of trucks and cars in a traffic stream are included. 
Therefore, although individual trucks are noiser than in-
dividual cars, the percentage of truck traffic in a vehicle 

stream must be considered. 
Procedures developed for modeling highway traffic noise 

by Bolt Beranek and Newman (P.41, P42) use a series of 

graphs to calculate L10  and L 0  levels of noise at different 
distances from a highway (noise contours). Computer pro-
grams are available in many state DOTs to compute these 
noise contours. Therefore, no further discussion of the 
method is included here. 

Data Requirements. The level of detail used in the analy-
sis depends on the input data available. At the first level, 
only vehicle volume, average speed, and truck-to-auto ratio 
are required. If more detail is available, data on (1) exist-
ing noise levels; (2) highway elevation, depression, and 
shielding; (3) traffic patterns (stop-and-go versus continu-
ous); (4) physical features (grade, lane width, and num-
ber of lanes); and (5) type of pavement surface would also 
be required. 

Evaluation of Method. The methods used to estimate the 
impact of highway noise are readily available and are con-
stantly being refined (P42). However, the detailed input 

data required to use these existing methods may not be 
aavilable for all elements in a statewide freight system plan. 
A more logical modeling approach would set up general 
criteria to isolate corridors where the change in truck vol-
umes would create the greatest change in noise levels. Then 
the modeling process could be conducted in these corridors. 
Small changes in truck volumes do not have a significant 
impact on noise levels, as noted in the Wisconsin (F-24) 

and Pennsylvania (P-25) rail studies. 

Railroad Noise 

Type of Methods and Applications. Rail mainline, 

branch-line, and yard operations all contribute significantly 
to the level of noise in the surrounding area. Noise from 
moving freight trains is generated by engine exhaust, casing, 
intake, and fan noise and by general rail/wheel noise of  

both the engine and the freight cars (1743). The amount of 

noise geueiatecl will vary, dcpcnding on the condition of the 
track and the rolling stock. No method has been developed 
that considers each of these variables; if one were available, 
the level of input data required would probably obviate its 

use. 
Techniques that model some of these variables have been 

developed by Swing (P-39), Swing and Pies (F-so), and 

Hanson and Wittig (P.40). The least complex method, 

proposed by Swing (F-39), uses the following three-step 

process to estimate railroad noise levels: 

Calculate the equivalent number of train operations by 

N=N0 +l0N 	 (F-6) 

where N,1  is the number of daytime operations (between 
0700 and 2200) and N, is the number of nighttime opera-

tions (between 2200 and 0700). 
By use of a nomograph, calculate the noise level at the 

distance desired. 
- 3. Make adjustments for track type and condition, grade, 
curves, bridge work, and use of helper engines. 

A detailed description of the theoretical basis for this work 

is contained in the report by Swing and Pies (P-so). 
A more complex method, developed by BCL (P-21), 

uses a computer program to plot the day-night equivalent 

sound level, Ldfl, as a function of distance and the number 
of trains per day. The analysis uses the single-event noise 
level (SENEL) calculated for each train, with night opera-
tions weighted more heavily than daytime operation. Sepa-
rate calculations of SENEL are made for the locomotive 
and the cars. These are then added together using loga-
rithms to obtain the total noise level produced. An attenua-
tion factor was developed using the information from 

Wittig (P-si) to account for the relationship between the 

length of the source (i.e., the train) and the distance to 

the observer. 
Noise from proposed yards may also have an impact if 

they are located in developed areas. Information compiled 

by the EPA (P-47) has been used by BCL (F-21) to an-

alyze the impact of yard noise due to increased rail traffic. 
According to the report, the relative impact of a yard is de-
pendent on "the population density within a radius of 2,000 

feet of the noise center of the yard. Beyond this distance, 
the noise contribution of the yard operations is of the same 
order of magnitude as the level of noise that is considered 

acceptable" (P-21). 

Data Requirements. All of the models developed require 
information on the location of population with respect to 
the rail line. In addition, the simple method proposed by 
Swing uses the number of daytime and nighttime opera-
tions, track type and condition, grade, curves, bridge work, 
and use of helper engines. The method developed by BCL 
uses the same variables plus the train speed and length of 
the train. Inputs into the analysis of yard noise include the 
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new and the old volume of traffic stated in cars switched 
during the day and at night. 

Evaluation of Methods. Methods for evaluating rail noise 
are not as widely used as those for highway and aircraft 
noise. The methods described are straightforward andcan 
be easily applied if the input data are available. The simple 
method developed by Swing has the advantage that no com-
puter processing is required. However, the adjustment fac-
tors for various track conditions require detailed track chart 
information. Similar problems with data requirements exist 
for the BCL process. 

Aircraft Noise 

Noise around airports is a very serious environmental 
problem that has received a good deal of study and pub-
licity. There is, however, an inherent difficulty in dealing 
with aircraft noise in a study of impacts related to freight 
movements. As noted previously, most air freight is car-
ried-in the excess space on passenger aircraft and there is 
no accepted way to attribute a portion of the noise gen-
erated to freight movement. 

Type of Methods and Applications. Computer models to 
simulate aircraft noise have been developed by the FAA 
(F-52) using the aircraft sound description system (ASDS) 
and by HUD and EPA (F-53, F-54, F-55) using noise ex-
posure forecasts (NEF) modified to include differences in 
annoyance levels between day and night operations (Ldfl). 
By using the models, contour lines can be drawn around 
airports to indicate areas where noise levels are unaccept-
able. Both of the models consider variation in aircraft 
operations and runway design in detail. 

Data Requirements. Each of the techniques requires 
(1) the number of operations by type of aircraft by time 
of day; (2) aircraft flight plans, including glide slope angle; 
(3) landing and take-off flight paths; (4) wind conditions 
and runway orientation; (5) noise barriers and abatement 
measures; and (6) preferential runway rules. 

Evaluation of Methods. The models available to predict 
aircraft noise have been tested and are probably already 
available in states with large airports. If freight system 
plans result in a dramatic increase in freight-related air 
traffic, these models can be applied. Particular attention 
should be focused on the increased nighttime operations of 
freighter aircraft. (Air freight is generally hauled in the 
off-peak periods of air operations.) 

WATER POLLUTION 

Variation in local water pollution impacts can occur 
from different freight transportation plans. These impacts 
are of three main types—those occurring due to (1) regu-
lar operations, (2) accidents and emergencies, and (3) con-
struction activities. Impacts from regular operations in-
clude runoff of (a) defoliants used for vegetation control 
and (b) de-icing compounds. Emergencies and accidents, 
such as oil and chemical spills, often have a more dramatic 
and obvious local impact. Finally, construction activities 
contribute to stream-silting and radical modification of 
surface-water flows. 

Long-term impacts from construction include destruction  

of coastal and inland wetlands, diversion of stream flows, 
and changes in the rate of absorption. In cases where a 
facility is being constructed or expanded as part of a freight 
system plan, these critical bodies of water and wetlands 
should be studied in greater detail. - 

Highway Movements 

Many of the water pollution impacts associated with 
highways are not directly attributable to truck movements. 
In most cases the highways would exist to carry passenger 
vehicle traffic even if there were no trucks. These general 
impacts include those caused by herbicides and defoliants, 
those caused by highway salting, and those caused by 
changes in surface- and ground-water supplies due to the 
existence of impermeable pavement surfaces. Water pollu-
tion from spills of hazardous substances caused by truck 
accidents should be considered. Conversion factors based 
on national averages are available and can be used to pre-
dict the number of accidents that will occur for trucks 
carrying this type of load (F-56). Data requirements for 
this process include the number of truck shipments made of 
different hazardous materials. By using this information 
and standard hydrological techniques (F-61), estimates of 
possible water pollution could be made. 

Rail Operations 

- Water pollution from regular railroad operations results 
from ( I ) use of herbicides and defoliants, (2) spilling of 
fuel during refueling, (3) dumping of crankcase oil and 
dirty wastewater from washing operations, (4) dumping of 
contaminated radiator water, and (5) dumping of sanitary 
waste. The following factors lead to the conclusion that 
these sources of water pollution need not be considered in 
analysis of system plans: 

All of the sources listed can be controlled by practicing 
progressive railroad operating techniques. 

The impacts, because they are generally localized and 
represent a small part of the water pollution problem, need 
not be considered in system planning. 

The impacts are not directly correlated with the 
amount of freight moved, but are more dependent on the 
operating practice of the railroad. 

The problem of accidental spills from rail traffic can be 
dealt with by use of the process cited previously for trucks. 
Over-all probabilities are available (F-56) and methods of 
control are explained (F-57). 

Pipelines and Vessels 

The impact of vessel and. pipeline movements on water 
quality has been limited primarily to oil transport. A com-
prehensive analysis of this impact is contained in Volumes 
4 and 5 of the Final Environmental Impact Statement is-
sued for the Trans-Alaska Pipeline (F-59, F-60). This re-
port concludes that the impact of the pipeline operation it-
self on water pollution will be slight. A detailed analysis 
is given of the amount of oil discharged into oceans and 
ports by increased tanker movements. References from 
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the U.S. Coast Guard Pollution Incident Reporting System 
are used to develop accident probabilities. In addition; 
calculations are made of the oil emitted from regular op-
erations, including tank cleaning (which accounts for 70 
percent of the oil released by tankers), ballast discharges, 
and terminal leakage and spills. 

Data Requirements, Summary and Conclusions 

This section starts with a review of the various proce-
dures and data requirements presented earlier in this ap-
pendix on impact estimation. It then identifies the capabili-
ties being sought in estimating impacts for freight statewide 
transportaion systems planning. Next, three different pro-
gram levels are introduced ranging from a broad policy or 
overview scale to a sophisticated capability for determining 
impacts on a systems or corridor basis. Finally, the data 
needed to support each of the program levels are identified. 

REVIEW OF PROCEDURES AND DATA REQUIREMENTS 

The procedures developed to date to measure energy con-
sumption, vehicle emissions, noise levels, and water quality 
are generally of two types. First, there have been some gen-
eralized measures related only to the unit consumption of 
energy or production of pollutants. The estimates of energy 
intensiveness (Table F-2) and emission factors (Tables F-S 
and F-6) are examples of data useful primarily in making 
hroad comparisons between modes. The use of these mea-
sures is straightforward; the factor is simply multiplied by 
some production measure such as net ton-miles (m ton-km), 
hours operated, or gallons (litres) of fuel consumed. 

Most of the procedures developed to date are route-
specific; that is, they were developed for application at the 
project rather than the systems level. 

Some procedures are physically based, others are largely 
empirical and simply represent the application of unit con-
sumption or production measures to a more defined situa-
tion. In either case, the refinement comes largely from 
incorporating additional vehicle, roadbed, and load factors 
(Table F- I) into the computations. The procedures avail-
able today do not provide uniform coverage of the dif-
ferent modes and impacts. Much work remains to be done 
to fill in the voids. However, it must be remembered that 
the procedures presented in this appendix were not devel-
oped for state-level freight planning purposes, but rather 
as part of a larger program to estimate aggregate trans-
portation-related energy consumption, emissions, and noise 
effects. 

With the exception of the Battelle work and to some ex-
tent in the use of rail performance calculators, most of the 
procedures discussed have not been applied in a systems 
context. Provided one is willing to spend the time and effort 
involved, the computations can be extended to the system 
level to the extent that supporting traffic, operating, and 
physical data are available, as well as information on am-
bient conditions necessary to determine air, noise, and water 
pollution impacts. Most procedures are of recent origin and 
have been tested only on a limited basis. The exceptions 
are the methodologies developed by FHWA and others for 
estimating emissions and the noise impacts from highways  

and airports, including passenger transport as well as freight 
movcments. 

Appreciable research work is presently under way to pro-
vide better information and procedures for impact estima-
tion, especially in the field of energy consumption. This will 
undoubtedly lead to revised and extended unit values more 
closely related to the operating and physical environment. 
The planner should be alert to such developments and up-
grade present information and impact computation pro-
cedures as this new material becomes available. 

Desired Capabilities 

The specific impact estimating capabilities sought by 
states (for freight statewide systems level planning) include, 
among others: 

Preparing estimates of total energy consumption or 
emission production for the state as a whole, subareas, or 
corridors for the different freight modes. 

Identifying those freight services which are energy-
intensive and those which are energy-efficient. 

Comparing freight energy consumption and emissions 
production with that of passenger transport or between 
freight modes. 

Identifying those freight-related emissions having a po-
tential adverse effect on public health and safety at a local 
level. 

Measuring the impact of state government proposed 
regulatory controls and infrastructure investments on en-
ergy consumption and emissions production by the private 
sector. 

Simulating energy consumption and emissions produc-
tion effects of transport facilities located within the state. 

These desired capabilities are structured into several dif-
ferent program levels in the following. Realization of one 
or more of these capabilities requires public expenditure for 
staff and the carrying out of supporting technical studies. 
Some capabilities may already exist, some will be realized 
easier than others, and some may not be achieved for many 
years. 

Program Levels 

By use of the definitions established earlier in this report 
(Table F-6), three different program levels are described as 
follows: 

Stage I. Under this program level, the main emphasis is 
on preparing aggregate order-of-magnitude estimates of 
energy consumption or emission production (air pollution 
only). The purpose is to (1) prepare reasonably good 
estimates on a statewide or corridor basis, (2) become 
familiar with where and how freight transport affects en-
ergy consumption and emission production, and (3) recog-
nize the efficiencies of different modes and services. Under 
Stage I, estimates would be prepared through simple trans-
formations of commodity flows, hours operated, or fuel con-
sumption data using emission and fuel consumption factors. 
It would seek to cover all freight modes. No attempt would 
be made to reflect operational differences (other than route 
distance) or physical characteristics. 
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It should be noted that many state DOTs have already 
gone beyond this stage in preparing estimates of highway-
and aircraft-generated air pollution impacts. 

Stage 11. Under this program level, the capabilities 
achieved in Stage I are extended to include (1) identifying 
services that are energy intensive, (2) making intermodal 
comparisons, and (3) identifying emissions having a poten-
tial adverse effect. 

During Stage II, estimates of noise pollution impacts 
should be made, along with more detailed energy and air 
pollution analyses. The basic method is still a data trans-
formation similar to that used in Stage I but with greater 
detail on the operating and physical characteristics of the 
system or corridor (route). These would include vehicle 
and power plant characteristics, operation data, ambient 
conditions, and population. If a severe problem exists, more 
detailed estimates (using data specified in Stage III) may 
be required if there is a significant difference in total pollu-
tants generated by different plans. Rough estimates of noise 
impacts can be made using the data specified and the curves 
developed by HUID. Most state DOTs already have avail-
able sophisticated noise modeling techniques that have been 
applied to recent highway and airport projects, but lack 
information on other modes. By applying the simplified 
technique; a uniform analysis is possible for alternative cor-
ridor plans. Most states should be able to develop the data 
specified in Stage II because it represents only a small addi-
tion to Stage I data. By obtaining these data, a general 
understanding of the impact of a freight transport system 
can be obtained prior to the development of the more 
sophisticated modeling procedures described in Stage Jil. 

States might also under Stage II investigate and become 
familiar with the capabilities of performance calculators 
used by railroads located within their borders. 

Stage III. Under this program level, the capabilities 
achieved in Stages I and II would be further extended to 
develop the ability to simulate freight system energy con-
sumption and emissions production impacts on a statewide 
or corridor (route) basis covering all modes. The purpose 
of this would be to measure the effects of regulatory, ser-
vice, or infrastructure changes. Development of such a 
capability would normally be coincident with other phases 
of the freight planning process. 

Data necessary to develop these models vary among 
states. Data already exist in some states to desdribe the 
geometric characteristics of the highway system and track 
charts are available to describe similar characteristics for 
most rail lines. Physical data for waterways and pipelines 
are thore limited at the state level. The ideal simulation 
process for highways would use the computerized informa-
tion describing highway routes to prepare programs analo-
gous to train performance calculators. These highway sithu-
lation models could then be used to calculate the energy 
impact of changes in truck vehicle flows. If models were 
incorporated with existing air and noise pollution models, 
a complete package could be developed to calculate high-
way impacts of alternative freight transport plans on a seg-
ment, corridor, or statewide level. Similar unified models 
could be developed for rail analysis by combining the exist-
ing train performance calculators with the noise impact  

analysis methods described in this appendix. At present 
no detailed estimates of air pollution resulting from rail 
operations can be made because of lack of research in this 
area. 

Ideally, similar simulation capability should be developed 
for waterborne, air, and pipeline movements to replace 
order-of-magnitude estimates prepared under Stage I. This, 
however, is of lower priority than developing rail capability. 
Also a factor is the presence of such facilities within a state 
and the desire to undertake such work. It might be desir-
able for several states to combine their efforts to develop 
a multistate simulation capability more in keeping with the 
average shipment lengths made by these other modes. 

Development of a simulation capability should be viewed 
as an on-going evolutionary process whereby new calcula-
tion routines and unit values are incorporated into the com-
puter programs as improved techniques and information 
become available. 

Data Required for Impact Estimation 

Data required for Stages I, II and III are given in Tables 
F-7, F-8, and F-9, respectively. 
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APPENDIX G 

UNMET DATA NEEDS AND STRATEGIES FOR RESOLVING DEFICIENCIES 

The purpose of this appendix is (a) to determine unmet 
data needs and (b) to propose and evaluate strategies for 
resolving these unmet needs. To do this, it builds on the 
data supply and data requirements developed in earlier ap-
pendixes. Detailed information on available secondary data 
sources is presented in the User's Manual (G-13). Freight 
data requirements based on an issues or problems approach 
were developed in Appendix A. Freight data requirements 
stemming from a detailed examination of quantitative plan-
ning techniques for demand estimation, modal choice analy-
sis, network analysis, economic evaluation, and impact esti-
mation were discussed in Appendixes B, C, D, E, and F, 
respectively. The data supply of the manual is systemati-
cally compared against the data requirements of Appen-
dixes B, C, D, E, and F to derive unmet data needs. 

Once unmet data needs have been identified, strategies  

for resolving these needs can be proposed. This is done in 
the latter half of this appendix for major unmet data needs. 

UNMET DATA NEEDS 

For each of the 31 data categories given in Figure 1, 
assessments were made of data availability and quality. 
The results are given in Table G-1. An over-all assessment 
was made only after considering the present state of affairs 
in the following four subcategories: 

Form. Entries refer to the typical format of available 
secondary data and the associated units of measure, where 
applicable. 

Availability. Entries describe the general availability 
of the data for state use, including (1) anticipated difficul-
ties in obtaining access to the data, (2) the need to seek the 
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TABLE C-I 

ASSESSMENT OF DATA DEFICIENCIES 

Category Assessments 

Commodity Production Form. Statistics generally in terms of numbers, weight, or 
Commodity Consumption cubic volume produced or consumed per unit area. 	Source data 

often at the county level for major products, state level for 
minor products. 	Summary data generally available at the state 
level. 

Availability. Commodity production statistics are generally 
available for all major agricultural, extractive, and manu-
facturing sector products through governmental agencies or 
through trade associations. Commodity consumption statistics 
are available only for a limited number of major products. 
Multiple sources must be contacted. Some data available at 
state level, and some only available at Federal level. Release 
of data may be limited for disclosure reasons. In short, data 
are available although considerable effort may be necessary to 
obtain it, particularly in a more disaggregated form. 

Characteristics. Figures generally report amount produced or 
consumed, which differs from the amount actually transported. 
Critical characteristic is the areal dimension for statewide 
planning purposes, data should be aggregated no higher than 
county or region. Reliability and quality of the data varies 
with type, source, etc. 

Deficiencies. Varies. Deficiencies tend to be (1) availability, 
(2) level •ofaggregation, and (3) quality. National data often 
more available than state level. Distributive techniques can 
be used to estimate state/region/county production and consump-
tion if data are not available in disaggregated form. Data 
generally exist somewhere -- may require extensive state DOT 
staff probing for their locations. Overall, deficiencies judged 
to be minor. 

Commodity Flow Data 	Form. Ideally expressed as total annual tons (metric tons) of commodity K 
moving from zone i to zone j. Zones should be counties or 
regions within a state for internal traffic; states or multi-
state areas for originations or terminations external to the 
state. Mode independent. Two-digit STCC commodity groupings 
or more homogeneous equivalent desired. 

Availability. Commodity flow data are not available in complete 
form from any source. Some partial data sets exist (e.g., the 
Census of Transportation for manufactured products, Bureau of 
Mines data for the more important minerals such as coal, oil, 
etc.). Such data that do exist are available only at the Federal 
level. Release of data limited by disclosure requirements. 
Census data are readily available; Bureau of Mines data have 
only occasionally been requested by agencies or organizations 
outside the Federal government. 

Characteristics. Even among the partial data sets that do 
exist, data are too aggregated for statewide planning purposes. 
Critical characteristic is the areal dimension; data should be 
aggregated no higher than county or region within the state. 
Commodity detail is generally not needed beyond 2-digit STCC, 
except for commodities such as coal, iron ore, oil, etc. Most 
commodity flow data has STCC coding. 
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Category 	 Assessments 

Deficiencies. A general lack of data on commodity flow. For 
the data that exist, the level of aggregation and age limits 
its usefulness. Not possible for states to assemble their own 
commodity flow data.. Data important to long-term understanding 
of intercity freight flows and to the development of demand 
forecasting and distribution models. Overall, deficiencies 
judged to be major. Deficiencies will increase as states 
develop capabilities to do more sophisticated freight systems 
planning. 

Traffic Flow Data 	 Form. Ideally expressed as total annual tons (metric tons) of commodity 
moving from lone i to zone j via mode m. Zones should be 
counties or regions within a state for internal traffic; states 
or multi-state areas for traffic originations or terminations 
external to the state. Two-digit STCC commodity groupings or 
more homogeneous equivalent desired. 

Availability. Varies considerably by mode. Adequate sample 
data. exist for rail (FRA/ICC onu percent waybill sample) 
census data for waterborne (USACOE records) and air cargo (CAB 
has segment loadings plus a one-time OtT  study). Very limited 
data available for motor carriers or pipelines. Census of 
Transportation covers all modes but only for shipments of 
manufactured products. 

Characteristics. Data must be aggregated to meet disclosure 
requirements; becomes too aggregated for statewide planning pur-
poses. Critical characteristic is the areal dimension; data 
should be aggregated no higher than county or region within the 
state to be fully useful for statewide systems planning. Com-
modity detail generally not required beyond 2-digit STCC or 
equivalent level except for certain bulk commodities such as 
coal, iron ore, oil, etc. Coding systems among modes are not 
compatible, definitions differ, various exceptions occur. 

Deficiencies. Lack of data on motor carriers, stemming from 
industry refusal to permit governmental access to waybill 
records for sampling purposes. Disclosure laws generally 
necessitate a level of aggregation far higher than the county/ 
region level sought for planning purposes. Age of data in 
some instances. Not possible for states to assemble their own 
traffic flow data. Data important to long-term understanding 
of intercity freight flows and to the development of demand 
forecasting, distribution, and modal choice models. Overall, 
deficiencies judged to be major. Deficiencies will increase 
as states develop capabilities to do more sophisticated freight 
systems planning. 

Vehicle Flow 	 Form. Depending upon mode, either in density form or in records 
of individual vehicle movements over a particular section of 
track, highway or waterway for a specified period of time. 

Availability. Varies by mode. Density data can generally be 
obtained from individual railroads; form, quality and timeliness 
varies; data may not cover light-density lines. Train movement 
data can be obtained directly from railroads. Data on individual 
carload movements exist at the .AAR and individual railroads; 
however, data rarely released to governmental agencies. Density 
data for trucks is collected in some states through vehicle clas-
sification count programs. Data on individual truck movements 
exist in motor carrier records, but with the large number of 
for-hire and exempt carriers, such records are simply too 
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TABLE G- I (Continued) 

Category 
	

Assessments 

difficult to sample. Roadside survey techniques often used to 
obtain information on vehicle flow, but labor intensive and 
costly. Density and vessel movement data do exist for 
coastal and inland waterway movements; such data are available 
in aggregated form from the Corps of Engineers. Data on 
passenger and all-cargo plane movements are similarly available. 

Characteristics. Varies by mode. Density data may be in weight 
or number of vehicles passing over a particular section of track, 
highway or waterway. For rail, density is in gross tons(metric tons) per 
year (includes weight of locomotive, cars, and caboose). Motor 
carrier densities are in number of vehicles of a particular 
wheel/axle configuration per day of count or average day. 
Waterway densities are in number of vessels in different dis- 
placement or draft ranges. No density measure exists for air 
freight on account of the use of both passenger and all-cargo 
aircraft for such services. 

Defiéiencies. In the case of density data, the main gap is for 
truck movements. This, however, can be solved through state 
effdrts. The quality of common carrier density data varies as 
does the age and availability to governmental agencies. Data 
important to network analysis. Overall, deficiencies judged 
to be minor. 

Inport/Expurl 	 Form. Customc records of individual shipments to and from the 
U.S. which have been sampled to determine domestic originations 
and terminations. 

Availability. No problem. 

Characteristics. Data must be aggregated to state level to meet 
disclosure requirements. Data do not include all STCC categories 
of potential interest, especially bulk shipments. 

Deficiencies. Lack of completeness, which is being rectified 
in future work. Disclosure laws necessitate a higher level of 
aggregation than the county/region sought for planning purposes. 
Being sample data, high variability may exist when data are 
utilized for planning purposes. Overall, deficiencies judged 
to be minor. 

Routings 	 Form. Varies. A number of guides exist giving route structure 
and normal routing practices for for-hire carriers. Routings 
of motor carriers and airlines prescribed by operating authority. 
Routings of other modes prescribed by physical plant. None of 
the above indicated how traffic is actually routed. None 
indicate traffic using different routings. Routing data shown 
on waybills. Routing data shown on internal records maintained 
by carriers for shipment tracing purposes. 

Availability. Difficult at best. Internal records rarely made 
available to government agencies on a census or sampling basis, 
for proprietary reasons. Hindsight sampling possible but dif-
ficult to do on a large enough scale to obtain data on shipments 
or carloads/truckloads via different routings. Varies by mode. 
Data can only be obtained from carriers; must be maintained by 
them for claim purposes for a two to three-year period following 
shipment. 
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Category 	 Assessments 

Characteristics. Waybills and internal records generally 
show arrival and departure times from key intermediate points 
(e.g. yards or terminals), train number, car number, etc. 

Deficiencies. Combination of a lack of information identify-
ing actual (1) routings and (2) quantity of freight using those 
routings. Even were carriers willing to share data, difficult 
to assemble from the multiple sources involved. Various proxy 
techniques have been developed to estimate carrier shares and 
routings from other data sources, data important to economic 
evaluation and network analysis. Overall, deficiencies judged 
to be moderate, but surmountable. 

Carrier Financial Data, 	Form. Annual, quarterly andnonthly reports filed by common 
Operating Statistics, and 	carriers with Federal and state regulatory agencies. Special 
Physical Characteristics 	purpose supplemental studies oftem undertaken by Federal 

regulatory agencies. Form varies by mode. Covers common 
carriers only. 

Availability. Data available for public inspection. Appreci-
able sunonary material published by regulatory agencies and by 
trade associations. 

Characteristics. Generally in the form of carrier totals. A 
few states request supplemental operatimg statistics for their 
state alone, but this is not a common practice. Carrier re-
ports to state regulatory agencies areusually similar to or a 
condensed version of that report to Federal regulatory agencies. 

Deficiencies. Utility of carrier financial data, operating 
statistics and physical characteristics to statewide systems 
planning severely limited by (1) the "totals" by carrier 
orientation of the data (not summarized by geographic area on 
routes), (2) the unevenness of coverage (excludes private and 
exempt carriers), and (3) by the types of data being reported 
(maimly financial) . Various proxy techniques have been developed 
to apply data to performance and economic evaluations. Data 
important to economic evaluation. Overall, deficiencies judged 
to be moderate, but surmountable. 

Rates/Tariffs 	 Form. See Appendix E. 

Availability. Full-scale source information on rates and tariffs 
can be assembled from carrier, rate bureau, and regulatory agency 
sources. 

Characteristics. The key is knowing how to use published rates and 
tariff materials, rather than assembling source materials; this 
knowledge is a speciality all to itself. Even being able to 
determine the correct rate for a shipment of commodity K between 
zone i and zone j doesn't indicate the degree to which that 
tariff or rate is actually used. To be useful in statewide 
systems planning, tariffs or rates must be simplified through 
carefully prepared approximations. See Appendix E. 

Deficiences. (I) Lack of readily available reliable simpli-
fications or approximations of rates and tariffs and (2) infor-
mation on the extent to which different rates and tariffs are 
actually utilized. Some proxy techniques have been developed 
to estimate rates or tariffs or revenue data used in lieu there-
of. Data important to economic evaluation. Overall, deficiencies 
judged to be major. 
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TABLE G-1 (Continued) 

Category 	 Assessments 

Transport Level-of- 	Form. Two nain sources: (1) schedules and guides published 
Service Attributes 	by carriers and others on the services offered-j  (frequency 

of service, routing options, minimum shipping requirements, 
equipment availability, and special services) which describe the 
type of service, and (2) the waybill itself from which infor-
mation can be derived on transport time, time reliability and 
actual shipping charges. Varies by mode. Loss and damage 
information normally contained in a separate set of records. 
Information on waiting time and packaging costs exists only 
in fragmented forms. 

Availability. Schedules and guides are readily available, but 
provide no information on the service actually provided. Waybill 
data are difficult to obtain, particularly in quantity from which 

- -. 	to statistically derive data on transport time and time reliabil- 
ity. Information on waiting time and packaging costs could best 
be obtained through a shippers' survey. Schedules and waybills 
are only available for common carriers; similar-  information does 
not exist in any standardized form for exempt and private carriers. 

Characteristics. Varies among the modes and from carrier to 
carrier. Waybills often do not contain transit time infor-
mation and actual shipping charges. Carrier records are a far 
better source of transport time and shipping cost data than the 
shipper's or consigiiee's copy of the bill of lading. 

Deficiencies. Lack of data or difficulty assembling data from 
waybill records on transport time, time reliability, and actual 
shipping charges. Not possible for states to assemble their own 
data on transport level-of-service attributes, best done by 
research inètitutions. Data important to long-term understanding 
of intercity freight flows and the development of modal choice 
models. Overall deficiencies judged to be major. 

Commodity Attributes 	Form. Fragmented. References on commodity identifiers and 
associated physical and seasonality characteristics readily 
available. Information could also be obtained from manufacturing, 
extractive industry, and agricultural "experts" in state and 
local governments. Information on the economic consequences of 
late or unreliable transport time exists only in fragmented 
form. Economic consequences include extra costs associated with 
shelf life, fragility or susceptibility to damage, and product 
use (inventory control system/costs associated with possible 
stock out situations.) Mode independent. 

Availability. Aside from commodity identifiers and physical 
and seasonality characteristics, which in themselves would require 
appreciable effort to assemble, very little information exists. 
Limited information on economic consequences of promised 
delivery dates available from special studies of inventory 
control systems. 

- Characteristics. Information on economic consequences in the 
form of case studies. 

Deficiencies. Combination of (1) a lack of information on 
economic consequences, and (2) fragmented information on com-
modity physical and seasonality characteristics. Not possible 
for states to assemble their own data on commodity attributes; 
best done by a research institution. Data important to a 
long-term understanding of intercity freight flows and the 
development of modal choice models. Overall deficienies judged 
to be minor for near term but increasing as states develop capa-
bilities to do more sophisticated freight systems planming. 



145 

Category 	 Assessments 

Shipper Attributes 	 Form. Fragmented. Some information obtainable through economic 
Market Attributes 	 censuses (e.g. annual production volume, number of establishments, 

location, size). An input/output transactions table would 
provide information on industrial interdependencies. The re-
mainder could only be obtained through in-depth shippers' surveys 
of both bills of lading and interviews with plant officials. 

Availability. Census information is readily available although 
in an aggregated form. National-level input/output transactions 
tables are also available. Little information exists in a con-
venient form on (1) freight ownership, (2) pricing structures 
as they affect transportation decisions, (3) shippers' aware-
ness and knowledge of alternative transport mode options, and 
(4) ownership or loyalities to specific means of transport. 

Characteristics. Census data are generally too aggregated for 
statewide planning purposes; data should be aggregated no higher 
than county or region within state. To determine long-term 
behavior, time series data are required at a national or multi-
state scale. 

Deficiencies. An understanding of and data on shipper location 
and market criteria, industrial economists and location experts 
have not come up with definitive answers useful in transportation 
systems planning. Not possible for states to assemble their own 
data on shipper and market attributes; best done by research 
institutions specializing in business administration and micro-
economics. Data important to a long-tern understanding of 
intercity freight flows and demand estimation. Overall deficiencies 
judged to be minor for near term but increasing as states develop 
capabilities to do more sophisticated freight systems planning. 

Facility Location 	 Form. Fragmented. Information on maps and in directories gives 
general location. Information on the type, size, age and general 
characteristics of the line haul or terminal facility would have to 
be obtained from the owning carrier or through directories. Varies 
by mode. 

Availability. General information on the location and physical 
characteristics of line haul and terminal facilities can be obtained 
without difficulty. Data generally must be obtained locally. 

Characteristics. Extremely variable. Often information is not 
available in a form desired, or may not be up-to-date or particular-
ly accurate, or access to the information may be difficult. 

Deficiencies. Quality of information including variability among 
the nodes. Data fundamental to virtually all planning activities. 
Overall, deficiencies judged to be minor. 

Condition of Plant 	 Form. Varies by mode. Generally consists of internal information 
describing age, wear, condition, remaining service life, rehabil-
itation cost and replacement cost. For rail, information indir-
ectly available on track systems in terms of slow orders and other 
restrictions imposed for safety reasons. State regulatory agencies 
sometimes have data on track, locomotive and rolling stock conditions 
obtained through field inspection. State regulatory agencies some- 
times conduct safety inspections of trucks. 	 I  

Availability. Most carrier data on the condition of their plant 
are difficult to obtain. State regulatory agency data would 
probably be available. 
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Category 	 Assessments 

Characteristics. Most condition assessments are highly subjective. 
Condition data are usually not available on a uniform basis. 
Average ranges from recent and complete, to old or non-existant. 
Little commonality exists within modes, let along between modes. 

Deficiencies. Combination of (1) a lack of condition data, and 
(2) for that which exists, its quality, age, and consistency 
among competing carriers and across modes. To some extent, the 
lack of data can be solved through state efforts (physical 
inspections). Data important to economic evaluation. Overall, 
deficiencies judged to be moderate, but surmountable through 
state efforts in digging out such information from carriers or 
in conducting own condition assessments (with or without state 
regulatory agency assistance). 

Operating Characteristics Form. Varies by mode. Some information on scheduled performance 
contained in various guides and schedules issued by carriers and 
independent publishers. Some information prepared by carriers 
for use of operating personnel (e.g. railroad employee time tables). 
Information on actual performance is fragmented. 

Availability. Information on scheduled performance is available 
to varying extent. Some modes issue schedules on timetables for 
public usage, others do not. Little information is available on 
actual performance, although most carriers collect the data for 
management and control purposes. 	 - 

Characteristics. Scheduled performance information generally 
represents ideal situation; actual performance will mormally be 
appreciably less. 

Deficiencies. Lack of identifiable information on actual per-
formance and difficulty in assembling such information. To 
some extent, waybill sample data on transport time and time 
reliability used in lieu of internal records on operating per-
formance or information obtained through a shipper's survey. 
Data important to economic evaluation. Overall, deficiencies 
judged to be moderate, but surmountable through state efforts 
in digging out such data from carriers or Federal and state 
regulatory agencies. 

Usage-Capacity 	 Form. Usage is normally expressed in density form. Capacity is 
a calculated parameter depending upon physical characteristics, 
operating practices, etc. 

Availability. Varies by mode. Density data can generally be 
obtained as described earlier. Data needed for capacity calcul- 
ations cones from a variety of sources. 

Characteristics. Varies by mode. Density data may be in weight 
or number of vehicles passing over a particular section of track, 
highway or waterway. Density values not compatable between modes 
-- difficult to determine tons or ton-miles. 

Deficiencies. Usage data can generally be obtained or reasonably 
approximated. Lack of information mainly on trucks. Information 
needed for capacity calculations, if desired, generally obtainable. 
Main problem is not in the data, but how to determine capacity on a 
practical basis. Data important to network analysis. Overall, 
deficiencies judged to be minor. 
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Unit Operating Costs 	Form. Variety of forms. See Appendix E. 

Availabil4. Varies by node. Majority of data provided by 
carriers toFederal regulatory agencies through quarterly and 
annual reports. Appreciable analysis and processing of financial 
data undertaken by regulatory agencies to develop unit costs. 
Unit cost data also developed by carriers for internal purposes. 
Unit cost data also submitted by carriers and rate bureaus to 
support rate-making requests. 

Characteristics. Unit cost data developed by regulatory agencies 
represents average conditions which may or may not be applicable 
to situation at hand. Carrier unit cost data reflect the unique 
conditions enjoyed by the particular carrier involved. Most unit 
operating cost data probably have a sizable variance associated 
with them; unfortunately, prescribed accounting systems do not 
readily reflect such variations with location, facility type, 
etc. 

Deficiencies. Not so much a lack of data, but rather a multiplicity 
of conflicting infornation. Also quality of the data and uneven-
ness of coverage among the modes. Extremely difficult data for 
states to evaluate, assemble, and use properly. Data important to 
economic evaluation. Overall, deficiencies judged to be major. 

Unit Capital Costs 	Form. Ranges from simple, ball-park figures for a unit length of 
roadbed construction or rehabilitation and average cost of a 
locomotive, a truck, or a rail car to detailed unit costs based 
on labor, equipment, and materials components. 

Availabilifl. Limited. Data available only as a consequence of 
government investment in transportation facilities or equipment. 

Characteristics. Data available principally for railroad track 
rehabilitation and rolling stock and locomotives, waterway con-
struction costs, and highway construction costs. Little data on 
terminal costs or on aircraft and pipeline costs. Unit cost data 
generally do not exist as such, rather as bid prices or engineer-
ing estimates for recent past or on-going construction projects 
sponsored by governmental agencies or for which public monies are 
involved. The uniqueness of infrastructure investments makes unit 
cost data difficult to assemble. Cost items generally differ from 
those used in highway construction. 

Deficiencies. The fragmentation of information on capital costs 
and the great difficulty and work involved in assembling such unit 
cost data. Quality of data and unevenness of coverage among the 
modes. Difficult for states to assemble their own data on unit 
capital costs due to the variety of capital investments and the 
limited amount of data on particular types of construction or 
equipment purchase. Data important to economic evaluation. 
Overall, deficiencies judged to be major. 

Noise, Air Quality, 	Form. Generally in emission rates per vehicle for various types 

Water Quality 	 of vehicles under different operating conditions. 

Availability. Data vary in availability and quality by mode. Data 
most available for the highway and aircraft modes and least 
available for waterway and pipeline operations. 

Characteristics. Usually, emission rates reflect the different 
types of power plants in usage and a few "typical' operating 
situations. Noise data in decibels (dBA) at stated distances 
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Category Assessments 

from the source, with no consideration being given to the 
adjacent environment. 	Vehicle emissions data are in pounds (kilograms) 
of CO. I-IC, Nox  produced per gallon (litre) of fuel consumed or per ton 
nile (metric ton - kilometre) -- no consideratiom given to atmospheric 
or topographical effects. 	Impacts on water quality generally related to 
vehicle miles (kilonetres) 

Deficiencies. 	Data are not deficient, rather they need to be extended 
to permit more accurate computation of emissions under actual operating 
conditions. 	Unevenness of coverage among the modes. 	Not possible for 
states to develop their own unit emissions data. 	Data important to 
impact estimation. 	Overall, deficiencies judged to be minor. 

Soil Erosion, Ecologic, Form. 	Varies by mode. 
Economic, Socio-Politi- 
cal Aesthetic-visual, Availability. 	Depends almost totally on what is being affected Safety-Related locally. 	Generalization not possible. 

Characteristics. 	Varies by mode and situation. 	Generalization 
not possible. 

Deficiencies. 	Depends upon the work done by the state to identify, 
measure, and assess impacts. 	Data necessary for impact estimation 
generally available from local sources, may entail considerable 
staff effort to locate and assemble required information. 	Overall, 
deficiencies judged to be minor. 

Energy Consumption Form. 	Generally in the form of gallons per ton-mile. 	(litres per 
metric ton-kilometre). 

Availability. 	Data vary in availability and quality by mode. 
Data most available for highway and railroad modes, least 
available for waterway and pipeline operations. 

Characteristics. 	Usually, energy consumption rates reflect the 
different types of power plants in usage and a few "typical" 
operating parameters. 

Deficiencies. 	Data itself is not deficient, rather it needs to be 
extended to include additional power plants and measurements under 
different operating conditions. 	Unevenness of coverage among the 
modes. 	Not possible for states to develop their own unit consumption 
data. 	Overall, deficiencies judged to be minor. 

data from multiple sources, and (3) the amount of staff 
effort involved in assembling the data into a usable form. 

Characteristics. Entries describe the general character-
istics of the data available as they relate to data needs for 
statewide transportation planning purposes. Covered are 
such topics as (1) aggregation, (2) modal variability, (3) 
coding systems, and (4) level of detail. 

Deficiencies. Entries evaluate the degree to which avail-
able data sources meet data needs. Entries describe in sum-
mary terms ( 1 ) the completeness of the data; (2) any over-
all quality or consistency problems; (3) modal coverage or 
lack thereof, (4) its use in demand estimation, modal choice 
modeling, network analysis, economic evaluation, or impact 
estimation; and (5) whether the identified deficiencies can  

be met through proxy measures or state-level data collec-
tion activities. An over-all assessment was then made by 
judging whether the deficiencies were minor, moderate, or 
major. 

The over-all assessments are then compared with two 
other sets of data (Table G-2) to determine the criticality 
of deficiencies to statewide transportation planning needs. 
The first two columns show the frequency that the particu-
lar data categories are required for transportation systems 
planning, either through a problems and issues approach 
(Appendix A), or through the traditional transportation 
systems planning process (Appendixes B, C, D, E, and F). 
The third column simply lists the over-all assessment made 
in Table G-l. The final column shows the criticality of the 
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TABLE G-2 

OVER-ALL CRITICALITY OF DEFICIENCIES, BY CATEGORY 

Frequency that Data Are Reqd. for Over-all Criticality 
Transportation Systems Planning Deficiency of Deficiency 

Assessnen; and Unmet Issues and Problems Quantitative 
Data Category .. 	Approach Methods, Approach Table H-1 Data Needs 

Commodity Production Low Moderate Minor Low 

Commodity Consumption Low Moderate Minor Low 

Commodity Flow Low High Major High 

8' Traffic Flow Moderate to High - 	High Major Very High 

Vehicle Flow Very High High Minor Moderate 

Import/Export Low Low 	, Minor Low 

Routings , 	Moderate to High Moderate Moderate Moderate to High 

Financial Moderate Low Moderate 	. Moderate 

Operating Statistics 	-. Modeiate Loic MuderaLe Muderate 

Physical Characteristics Moderate Moderate Moderate Moderate 

Rates/Tariffs Low to Moderate High Major High 

Level of Service Low Moderate . 	Major High 

Commodity Low Moderate Minor Low 
O,LJ 

I'- 
Market Low Low Minor Low 

° Shipper Low Low Minor 	' Low 

Facility Location Very High Moderate Minor Low 

Condition of Plant High 	' Low Moderate Moderate 

Operating Characteristics Very High , 	Moderate Moderate Moderate 

Use-Capacity Very High High Minor ' 	Low 
Unit Costs-Operating Moderate Moderate Major High 

Unit Costs-Capital Low to Moderate Moderate Major High 

Noise Low to Moderate Low Minor Low 

Air Quality Low to Moderate Low Minor Low 

Water Quality Low to Moderate Low Minor Low 

- Soil Erosion Low to Moderate ' 	Low Minor Low 

Ecologic Low to Moderate Low Minor Low 

Economic High Moderate Minor Moderate 

Socio-Political Moderate Low Minor Low 

Aesthetic-Visual Moderate Low 	, Minor Low 

Energy Consumption Low to Moderate Moderate Minor Moderate 

Safety-Related Moderate Low Minor , 	Low 
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deficiency and the unmet data needs. Entries in this column 
were derived simply through comparing data needs against 
data supply. Of the 31 categories listed in Tables 0-I and 
0-2, seven were found to have "high" and nine to have 
"moderate" unmet data needs. The seven categories with 
"high" unmet data needs covered commodity and traffic 
flow data, routings, rates and tariffs, transport level-of-
service attributes, and operating and capital unit costs. 
Strategies for resolving deficiencies for these seven cate-
gories are discussed in the following. 

STRATEGIES FOR RESOLVING DEFICIENCIES 

The remainder of this appendix is devoted to presenting 
and evaluating strategies for resolving data deficiencies hav-
ing a high criticality to freight statewide transportation sys-
tems planning. Strategies are discussed under four topics: 

improving traffic flow data (includes commodity and 
traffic flow data and transport level-of-service attributes), 

improving information on routings, (3) improving cost 
data, and (4) obtaining more useful data on rates and tar-
iffs. Under each topic, the following format is used. First, 
recent developments that attempt to remedy the existing 
data deficiencies are summarized. These sections will in-
form states of new advances and plans in the data collec-
tion field. Next, practical considerations that must be con-
sidered when the techniques for obtaining better data are 
analyzed are presented in -asynopsis form. Finally; alter: 
native strategies are introduced, along with the advantages 
and disadvantages of each in terms of the amount and 
quality of information collected and the cost to states. 

Improving Traffic Flow Data 

Recent Developments 

This section briefly reviews recent efforts to improve the 
quantity, coverage, and availability of traffic flow data. 
These efforts highlight the inertia and difficulties encoun-
tered in translating even very major data needs into on-
going governmental or carrier programs. 

The Joint USDOT-ICC Freight Transportation Statistics 
Study. In 1967, a joint USDOT-ICC program was estab-
lished to reduce the "data gap" in freight transportation 
information and improve the availability and usefulness of 
freight transportation flow statistics (C-i). 

A joint study group was subsequently formed to carry 
out the initial two phases of a rather ambitious program. 
Included were a user survey and the development of plans 
and specifications for rail and motor freight transport flow 
statistics. A survey questionnaire was prepared and dis-
tributed to carriers, shippers, trade associations, and gov-
ernment agencies to determine the uses and continuing re-
quirements for flow statistics. The responses indicated 
extensive use of existing flow statistics and justification for 
improved data. The study group also interviewed a num-
ber of key ICC personnel. Little work was done on develop-
ing specifications for traffic flow data, however. 

The study group did not make any strong recommenda-
tions in the final report (G-2), which stated the study group 
opinion that (1) the rail carload waybill statistics program  

should be continued, (2) existing data should be improved, 
the collection of transportation flow statistics should 

be extended to cover all modes of transport, and (4) such 
a program should be given high government priority. The 
main achievement of the joint study was the continuation 
of the rail carload waybill sampling program, which has 
been discontinued by the ICC as a result of budget restric-
tions imposed early in 1968. 

A National Transportation Flow Statistics Forum. At 
about the same time, a three-day meeting was held in Wash-
ington, D.C. This was attended by industry, government, 
and academic people concerned about the general lack of 
adequate transport flow data at the national level. The pur-
pose of the forum was to generate public support and inter-
est in traffic flow data. Conclusions reached included (1) 
the increased need for accurate transportation and traffic 
data, particularly with respect to traffic flow, (2) the neces-
sity for standardization of data elements, particularly com-
modity and geographic location coding systems, and (3) the 
need to improve the quality and modal comprehensiveness 
of existing statistical series. The forum proceedings were 
published (G-3) and various recommendations were trans-
mitted to government officials. Unfortunately, the genuine 
interest and need expressed were not translated into dis-
cernible actions. 

Commodity Transportation Survey Feasibility Study. In 
1973, the Bureau of the Census conducted a study under 
contract with USDOT,- to determine the feasibility ofex 
panding the commodity transportation survey (G-4). The 
present survey is based on a sample of shipments originated 
by manufacturers. The project consisted of: 

Appraising the feasibility of obtaining specific data that 
would accurately describe the total elapsed time from origin 
to destination, the modes used in each part of the move-
ment, delays and causes of delays, costs of shipments, prin-
cipal sources of uncertainty affecting promised delivery 
times and similar descriptions of the actual passage of a 
shipment in some commodities from origin to destination. 

Determining the feasibility of sampling shipments from 
wholesalers, including merchant wholesalers, petroleum 
bulk stations and terminals, and assemblers of farm 
products. 

Determining the feasibility of sampling mineral indus-
try shipments. 

Appraising the quantity and quality of transportation 
flow data for 530 USDOT transportation traffic zones. 

Upon completion of the feasibility study, the Bureau con-
cluded that information - on commodity shipping charges 
and elapsed time could best be obtained from the carriers 
using "hindsight tracing" procedures, rather than from ship-
pers who are the basic data source for the Census of Trans-
portation. For shipments made by private carriers, Census 
concluded that the shipper was the only possible source of 
such information. Extending the Commodity Transporta-
tion Survey to include wholesaler, agricultural commodities, 
and minerals industry shipments was found to be generally 
feasible. 

In 1974, Census conducted a two-stage pilot test of the 
first three parts of the expansion project. The purpose was 
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to gain first-hand experience on costs and survey proce-
dures. The first• stage was a shipper survey of in-scope 
minerals and wholesaling establishments. In the second 
stage, a sample of carriers was selected from the processed 
and regrouped shipment data and personal visits were made 
to collect time-in-transit and shipping charge data. Follow-
ing completion of the second stage the Bureau of the Cen-
sus undertook a one-time, full-scale survey of farm as-
semblers and the minerals industry. Wholesalers were 
eliminated for budgetary reasons. The results from the 
survey of farm assemblers and minerals industry companies 
have not been released. 

The significance of the expansion project lies in that it 
demonstrates USDOT's interest and effort toward improv-
ing the Commodity Transportation Survey in terms of (1) 
SIC coverage, (2) detailed content, and (3) sampling-rate, 
and that such improvements are entirely feasible. 

TSC Commodity Flow Data Base. TSC currently has an 
on-going project to develop an integrated, multi-mode, re-
gional commodity flow data base for use in traffic and op-
erations analysis. The data base is being built from the 
FRA/ICC waybill sample, the Corps of Engineers water-
borne commerce flows, and the Commodity Transportation 
Survey, all for 1972. Some work has been done by Jack 
Faucett Associates, Inc. Data were developed based on 173 
BEA regions for 23 bulk commodities that account for 
80 peicent of all tonnage flows. The results of this work 
are presently being reviewed by TSC. 

In preparing the detailed flow matrices, comparisons were 
made with BEA-prepared economic production and con-
sumption statistics and adjustments made to the expanded 
data where necessary. A separate effort will be made by 
TSC personnel to forecast commodity flow data using BEA 
economic forecasts as a base. 

In addition to this effort, TSC has prepared a machine-
readable file that combines the results of the 1963, 1967, 
and 1972 Comhiodity Transportation Survey. All the re-
sults have been corrected and reformated as required to 
allow comparisons to be made between the three surveys. 

Practical Considerations 

All of the described recent developments are nationally 
oriented. Although they are potentially helpful to the states, 
they nevertheless do not directly address state-level needs 
for traffic flow data. 

This section lists the major factors that bear on alterna-
tives for obtaining better traffic flow data. It strives to re-
duce to a few essential points the many arguments for and 
against different courses of action. No effort is made to 
discuss fully and explain each point made, nor should the 
following be regarded as all-inclusive. 

Government is dependent on carriers or shippers for 
traffic flow data; it generates nothing itself. For-hire car-
riers have the data needed to construct traffic flow matrices, 
as do major shippers and consignees. Records of private 
and exempt carriers are less complete; some maintain rec-
ords similar to those of for-hire carriers; some maintain 
very little documentation. A similar situation exists for 
small shippers and consignees. There is no practical way  

in which government can obtain freight traffic flow data 
directly. 

Being dependent, government has three source options: 
(1) carriers, (2) shippers and/or consignees, or (3) both, 
The feasibility of this varies inversely with the sizes of the 
universes involved. Obtaining data from regulated carriers 
is manageable (less so in the case of motor carriers, where 
there are 15,000 ICC-regulated carriers, 40,000 exempt, 
and 103,100 known private carriers). The universe of ship-
pers and/or consignees is also large (approx. 100,000 firms 
for the manufacturing sector alone). Thus, thereis no easy 
option. 

Even with all its inherent difficulties, it is far better to 
focus on shipments rather than vehicles in measuring traffic 
flow. The latter approach did not work well either in urban 
area transportation studies or in FUWA's recent National 
Truck Study. 

The total number of shipments made each year is so 
large as to preclude any technique other than sampling. It 
has been estimated that some 900 million shipments are 
made each year, the majority of which are by motor carrier 
(rail accounts for some 25 million shipments). Thus, it 
becomes essential to focus only on the more significant ship-
ments. There are three ways in which this can be done: 
( I ) by excluding local shipments, (2) by stratified sampling 
based on the 'weight" of the shipment, and (3) restricting 
the amount of geographic and commodity detail sought in 
the final product so as to reduce the sample size. The cost 
of obtaining and processing a sample is probably in the 
$3 to $5 range (government plus carrier). 

Transport flow data should be collected on a continu-
ous rather than cyclical basis. Present traffic flow data col-
lection efforts result in a mixture of annual and periodic 
(both random and cyclical) data sets. To be useful for state 
planning, the amount of data obtained must be substantially 
increased. This can best be done by routinizing the data 
collection process analogous to the cycle used by state 
DOT's in obtaining traffic counts on highway systems. This 
would permit the use of cross-sectional data in some 
analyses. 

For planning purposes, it is more important to have 
even coverage rather than very detailed data for a portion 
of the universe and little or no data for the remainder. The 
"gap" problem should be solved first before attempting to 
improve relatively good data (e.g., the rail waybill sample). 
The major gap is private and exempt motor carriers. 

Full compatibility of data among the modes and be-
tween domestic and international is unlikely to be achieved 
in the near future. Unfortunately, existing data are classi-
fied by several different commodity codes (e.g., STCC and 
SITC/BTN); the best that can be done in the near term is 
to develop "bridging" systems to permit ready cross-
classification. 

Government presently does not have a satisfactory 
mechanism for obtaining traffic flow data from nonregulated 
carriers. Different types of carriers could be identified and, 
with appropriate legislation, reporting requirements could 
be imposed. However, the cost and effort involved in ob-
taining data from the small carriers on a continuing basis 
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would be prohibitive. Periodic sampling of some carrier 
groups might prove sufficient. 

Obtaining traffic flow data from shippers or consignees 
on a universal basis presents more problems than using 
carriers as the source. Some transport statistics are being 
obtained from shippers and consignees by the U.S. Bureau 
of Mines and the U.S. Department of Agriculture. The 
U.S. Bureau of the Census collects data for the Commodity 
Transportation Survey from a sample of manufacturers. As 
discussed earlier, expansion is feasible with wholesaling and 
mineral industry establishments, untested (and probably 
less so) with the agriculture sector. For cost and adminis-
trative reasons, it is probably infeasible to include the small 
firm. Census evidently has a satisfactory sampling frame, 
however. The Census of Transportation, in its present form, 
could be made more complete by expanding its coverage, 
at increased cost. Complete coverage, unfortunately, is 
probably not feasible. 

Although legal and/or regulatory mechanisms must 
necessarily underlie carrier furnishing of traffic flow data, 
cooperative government-industry agreement on what is 
needed and how it should be collected is essential. Carriers 
must be convinced of the importance and usefulness of 
aggregated traffic flow data to meet their needs as well as 
those of government. Because the public need for traffic 
flow data is difficult to prove conclusively, government can-
not impose reporting requirements on regulated carriers 
without some degree ot tacit approval or consent. Present 
inequity among the modes in furnishing traffic flow data has 
to be rectified before further requirements are instituted. 

Utilization of standard codes must improve. Utiliza-
tion of the coding systems being developed by TDCC under 
USDOT sponsorship will make the assembling and coding 
of traffic flow data that much easier. Although some of the 
geographic and commodity detail is not required for state-
wide freight planning purposes, it should be recorded to 
permit multiple uses of the obtained information. Data 
acquisition costs can be held down only as the carriers and 
industry adopt and implement the standard coding systems 
as they are developed. 

The on-going computerization of carrier shipping rec-
ords offers potential for employing complete enumeration 
for some modes, in lieu of a sample, but that this would be 
superior to sampling has not been established. Most rail-
roads now prepare, for internal uses, computer tapes con-
taining data on all shipments, which could possibly become 
the source of complete enumeration. Waterborne com-
merce data collected by the U.S. Army Corps of Engineers 
is already computerized, census-type data. But even such 
apparently complete data present problems. First, the pro-
portion of shipping records which have been computerized, 
although high among large for-hire carriers, is small in com-
parison with the total number of shipments made each year. 
Second, the lack of code and format standardization and 
variations in information contained therein reduce the value 
of what could be assembled to the lowest common denomi-
nator. Third, shipping documents inevitably contain a high 
incidence of errors that must be corrected through an audit 
process. Sampling, on the other hand, retains the advantage 
of (1) requiring fewer observations, (2) focusing attention  

on perfecting information on a limited set of movements, 
(3) establishing uniforniity among modes, and (4) being 
usable in relation to shipper sources. 

Increasing computerization of the control and record-
keeping aspect of transport operations will ultimately change 
present traffic flow data reporting systems. Changes in the 
method of reporting traffic flow data will come slowly. As 
electronic communications and billing systems come into 
use between carriers and major shippers; it is conceivable 
that some form of data sampling and storage system could 
come about to obviate manual identification and processing 
of samples needed for traffic flow data purposes. Provision 
for this should be built in now as the systems are devel-
oped, rather than tacked on later. Such systems may in the 
long range provide a large portion of the transport flow 
data. 

There is no way of fully predetermining the potential 
uses of traffic flow data. Traffic flow data are used for a 
wide variety of purposes. The characteristics that are im-
portant to one user may be immaterial to another. Thus, 
full flexibility must be retained in summarizing the data to 
meet specific needs. 	- 

Present traffic flow data do not contain sufficient trans-
port level-of-service and commodity attributes to permit use 
in mode choice models. This is a frequent complaint of 
researchers attempting to simulate the mode choice decision 
proáess of shippers. 

Of particular concern is the lack of transport cost, 
transport time, and time reliability data in most sets of 
traffic flow data. Other level-of-service and commodity at-
tributes would appear to be impossible to obtain on a large-
scale basis, because they involve an in-depth probing of the 
shipper's decision-making process. 

Whereas disaggregate modeling may provide the best 
basis for replicating shipper mode choice decisions, sup-
porting data are difficult if not impossible to obtain. Data 
required for disaggregate modeling must originate with 
either the shipper or the consignee, whoever is deciding 
the mode ultimately utilized. This requires an on-site prob-
ing of the decision-making process; consequently it is time-
consuming, costly for both the seeking and supplying or-
ganizations and would often be considered an unnecessary 
intrusion into the confidential operations of the firm. Ob-
taining such data through a largeLscale traffic flow data 
census or survey would not appear to be practical from a 
government standpoint. 

Present traffic flow data are directed toward national 
requirements; they fall short of meeting state requirements 
because of geographic aggregation. The need is to increase 
sample size to mitigate disclosure and minimum sampling 
reliability constraints now restricting the release of traffic 
flow data. Inasmuch as detailed commodity summaries are 
not required for freight planning purposes, some trade-off 
of commodity versus geographic detail (for origins and ter-
mindtions) would be possible within a given number of ob-
servations. To provide satisfactory data at the state level, 
aggregated to, say, planning regions within a state, a major 
increase in the number of samples seems inevitable. 

Present transport flow data deficiencies may be viewed, 
in the main, as constituting the hard core of the data prob- 
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lems. There is limited possibility for quick fixes. There is 
no obvious, all-encompassing, total solution to the problem. 
There is a very difficult trade-off problem to be solved in-
volving (1) data acquisition cost (to shippers and/or car-
riers as well as the government), (2) the infringement of 
any survey or census upon the right of privacy, (3) the 
public interest considerations—is there a sufficiently strong 
need to know, and (4) the sheer institutional, administra-
tive, and technical considerations involved in establishing 
the universe and obtaining census or sample information on 
commodity movement taking place therein. Traffic flow 
data sought from respondents' records cannot be easily re-
trieved. The retrieval itself is a financial burden to the 
respondent, and it may be regarded as an actual or poten-
tial breach of the confidential character of the respondent's 
operations and his relationship with competitors. Then 
there is the problem of coavincing the data-gathering agen-
cies in the federal information ssytem, and congressional 
appropriation committees, that the required data are of 
general use or serve administrative objectives, and that the 
cost to the federal government is not excessive in view of 
the need or benefits to be gained. Often, exploratory stud-
ies will be required to test out promising techniques and 
solutions. 

Changes in the amopnt and quality of publicly avail-
able traffic flow data will come by degree. A step-by-step 
proceSs, building upon what has been done in the past seems 
to be the most practical approach. 

Changes of Federal law are ultimately required to im-
prove transport flow data. First, there must be centralized 
control and direction, if not the actual collection. Con-
straints inhibiting the Bureau of the Census from collecting 
data ostensibly gathered by regulatory agencies, but in-
adequate for various reasons, must be removed. Disclosure 
restrictions ideally should be relaxed enough to permit fed-
eral and state government use of complete (rather than 
expurgated) files, with disclosure constraints being applied 
at the point of public release or dissemination of the results. 
Arrangements should be worked out to transfer disclosure 
accountability to states in return for use of basic files. 

Joint federal-state financing is desirable, but should not 
be treated as a necessary prerequisite to action. This stems 
from the larger amount of data needed if state as well as 
national needs are to be met. There is no reason why states 
should not share in the cost if they are to be the ultimate 
beneficiaries. On the other hand, the lead time almost man-
dates unilateral action by the Federal government. 

Alternative Strategies 

There are five basic options: 

Continue the present modus operandi, relying on in-
cremental improvements. 

State DOT initiate state shipper surveys to obtain 
traffic flow data. 

State DOT obtain desired information directly from 
the carriers operating within that state. 

Create a separate entity—a national transportation sta-
tistics center—to be jointly sponsored and supported by 
government (Federal and state) and carriers. 

Assign the over-all task of traffic flow data to the 
Federal Government, with responsibility centralized within 
either the Department of Transportation or the Bureau of 
the Census (as part of an expanded Census of Trans-
portation). 

There may indeed be other options. Those listed are not 
totally exclusive; combinations are conceivable. Each is 
discussed in the following in terms of advantages and dis-
advantages. 

Continuation of Present Programs, Relying on Incremen-
tal Improvements. This is the easiest course of action, as it 
requires minimal budgetary and institutional change. It 
could be viewed as a do  nothing" option. Program exten-
sion or improvements would probably take place very 
slowly; little change has occurred in the rail waybill sam-
ple, waterborne commerce statistics, or the Census of 
Transportation in recent years. On the other hand, if 
motor carrier data were obtained by this approach and if 
the rail sample were increased, traffic flow data would be 
improved considerably. 

States Conduct Shipper Surveys. Under this option, states 
would conduct their own shipper surveys in an analogous 
fashion to the Census of Transportation. 

This arrangement has a number of potential advantages: 

Obtaining of suitable traffic flow data would not be 
dependent on other organizations. The initiative would lie 
with the state DOT. 

Selection of shippers or consignees for interview pur-
poses can be directly tailored to the nature of the problem 
at hand and the information desired. 

Likewise, the type of information sought can be either 
general or very specialized. 

A survey does not directly involve the carriers; hence, 
it is useful in situations where carriers would suspect that 
the information provided might be used against their per-
ceived interests. 

The focus can be directly on the transport decision-
making process. 

On the other hand, state-conducted shipper surveys do 
have some disadvantages: 

Surveys are costly to perform and difficult to ad-
minister. 

States may not be in a position to develop the universe 
of shippers. 

It is difficult, if not impossible, to capture overhead 
traffic (states can only survey shipments originating or 
terminating within the state). 

It is far more difficult to ensure quality and control in 
the design and execution of the survey than with a repeti-
tive effort performed on a national basis. 

Surveys now depend completely on voluntary coopera-
tion from shippers. 

Because each state would individually approach ship-
pers for the data it felt were needed, no standardization 
among states would result. Each survey would tend to be 
unique, designed to serve a narrow, specific purpose and 
would inevitably have its own sample design, formats, 
stratifications, and summarizations. The data obtained 
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would not be part of a "national" data set; hence, it would 
not serve national purposes simultaneously with state 
purposes. 

State-conducted shipper surveys have proven to be very 
useful and necessary to certain types of freight planning, 
such as branch-line studies. They are particularly useful for 
specialized, supplemental information from a subset of ship-
pers. The technique conceivably could be used to fill pres-
ent traffic flow data gaps, such as with private and exempt 
motor carriers. 

States Obtain Traffic Flow Data from Carriers. Under 
this option, states would directly request from the carriers 
operating within their borders the traffic flow data deemed 
necessary for freight planning purposes. 

This arrangement has a number of potential advantages: 

Helps establish working relationships by bringing car-
riers into the freight planning process. 

Bypasses existing traffic flow data systems and offers 
the possibility of obtaining data having greater coverage 
(higher sampling rate, or even a census), greater depth 
(especially in terms of origination and termination coding), 
and being more current. 

Leaves such problems as confidentiality, disclosure, 
etc., to be worked out mutually. 

Permits state DOT reimbursement for the computer 
processing or clerical labor involved, or the use of state 
DOT personnel in sampling records, extracting desired 
information. 

Especially useful when only a subset of data is re-
quired, such as for a particular corridor. 

Often finesses the problem of obtaining more general, 
comprehensive agreement at higher levels. 

On the other hand, such direct state-to-carrier arrange-
ments do present some disadvantages: 

Because each state would individually approach the 
carriers for the data thought to be needed, no standardiza-
tion would result. The data obtained would not be part of 
a "national" data set; hence, it would not serve national 
simultaneously with state purposes. Each request would 
tend to be unique, designed to serve a narrow specific pur-
pose, and would inevitably have its own sample design, 
formats, stratifications, and summarizations. 

For the larger carriers, there is a real possibility of a 
multiplicity of requests, which are costly and time-consum-
ing for the carrier to meet, assuming that the carrier is 
agreeable to releasing the data in the first instance. 

Carriers often are wary of state promises or ability to 
maintain data confidentiality, because state DOT's must 
operate in public view. There is a fear of politicians using 
data to exploit their own purposes at carrier expense. 

There is no clear feeling as to any benefits that may 
accrue to carriers as a result of sharing data; government 
has historically been considered more as a foe than a friend 
(attitude is formed more by regulatory agencies than by 
executive agencies). 

Data requests depend largely on voluntary cooperation 
from carriers, although in some cases it is possible to man-
date compliance through state regulatory agency directives 
to regulated carriers. 

Obtaining data directly from carriers is easier (1) when 
good rapport has been established between state DOT and 
carrier personnel, (2) when the state has demonstrated re-
sponsibility and integrity in the use of information provided 
previously, and (3) when cooperative cost- or staff-sharing 
arrangements (where collection work at the carrier is done 
by DOT personnel) minimize the burden of the request on 
the carriers. Conceivably, this technique would be useful 
for carriers that are not large enough to use data processing 
for control and administration. 

The Independent Transport Statistics Center Concept. In 
view of the strong resistance on the part of carriers (par-
ticularly motor carriers) to sharing detailed traffic flow data 
with government for competitive and/or potential misuse 
reasons, suggestions are periodically made to institutionalize 
the collection, maintenance, and dissemination of transport 
flow data outside of government. Under such a concept, in 
return for provision of data strong safeguards would be 
created to protect legitimate interests while at the same time 
making the data available to support planning and research. 
These safeguards would apply equally to all parties. The 
data bank created by the Canadian Institute of Guided 
Ground Transport (CIGGT) partially represents a possible 
example of the independent transport statistics center con-
cept (see Fig. G-l). By cutting across organizational lines, 
the concept avoids some of the rivalry and competition 
within the Federal Government for ownership and control 
of traffic flow data, 

The independent transport statistics center concept does 
have one major feature not possible through government 
assumption of the responsibility of providing traffic flow 
data. There will always be disclosure restrictions of one 
nature or another. Currently these are applied at the time 
the data set is summarized. Thus the resulting tabular prod-
uct has many cells where the entries have been suppressed 
for disclosure reasons. Researchers, planners, and analysts 
using the data quantitatively must aggregate the data to that 
level of detail for which the entries are complete (thus 
losing a lot of geographic or commodity detail) or attempt 
to recreate the entries in the cell with the help of data from 
other sources. This seriously inhibits their work in develop-
ing models to forecast use or predict modal choice. It 
would be far better to let them work with the full data set, 
applying the disclosure requirements to the output of the 
process rather than the input. This in effect is the advantage 
the CIGUT researchers have when using Statistics Canada 
motor or water carrier data. It does not exist with U.S. 
Census or Corps of Engineers data. 

Extending this concept slightly farther, the statistics cen-
ter could be not only a depository for traffic flow data, but 
also a service bureau where center personnel would perform 
research and analytical operations, using their own or pro-
vided computer-based models. In this way, the full data set 
could be used, majdng the computations called for by the 
model while retaining control over what is disclosed through 
the outputs. It would also encourage specialization and pre-
vent unnecessary duplication in carrying out basic estimat-
ing or forecasting operations. 

The transport statistics center concept also encourages 
professional management of the data files. It would permit 



FIGURE c_i 

EXAMPLE OF THE INDEPENDENT TRANSPORT 
STATISTICS CENTER CONCEPT 

The Canadian Freight Transport Data Base is an off-shoot from 
assembling data required to develop and test a Canadian Freight Trans-
port Model (CFThI). (5,6) The CFTN project was originally begun in 1970 
under Canadian Institute of Guided Ground Transport (CIGGT) sponsorship 
(Queens University). Its purpose was to develop a set of analytic 
planning models of the Canadian freight transportation system with the 
nain focus being on the rail component and the effects of competition 
from other modes upon railways. 

The assembled data base is unique in that it brings together into 
one consolidated format system traffic flow data for rail, water and 
motor carrier transport in Canada, with CIGGT-developed common commodity 
and geographic coding systems supplementing the differing reference 
systems utilized in the supplied data. (7,8) The detailed statistics 
obtained were provided in confidence for purposes of CIGGT research by 
the three najor fiscal donors for the year 1970 (data for 1971, 1972 
and 1973 are being or have also been supplied). Canadian-National and 
Canadian Pacific Railroads both donated a complete census of waybill 
movements containing tonnage and tariff but not including time. CN and 
CP also provided rail car movement data for the CFTM project. Statistics 
Canada gave a complete census of water carrier movements by commodity 
giving tonnage and time, but not including tariffs.-  They also provided 
the 1970 sample survey of for-hire motor carriers by commodity and ton-
nages, but not including time. To our knowledge, this data base is the 
most complete grouping of traffic flow data that has been accomplished 
anywhere. 

Is this an approach; one which could surmount data availability, 
confidentiality, and disclosure problems which seriously limit state 
DOT ability to pull together conprehemsive secondary traffic flow data? 
Is the CIGGT data base a good example of the Transportation Statistics 
Center Concept? 

Four factors are involved which make the CIGGT data base a 
special situation. First, the CIGGT program was initially funded by 
three parties: the CN, the CP, and the federal government for sponsored 
research. Each agency has a direct stake and interest in the products or 
results derived. Hence, if data are needed, it behooves the sponsoring - 
parties to contribute, provided that proper safeguards are taken to pro-
tect data given in confidence. This they have done. Second, the data 
contributors maintain direct control over the use of any data from their 
contributed files. CIGGT queries then on each proposed file usage. Any 
objection constitutes a veto. Any vetoed request simply stops file utiliz-
ation right there. Third, while the data have been assembled, the resulting 
files have not been used by other than university-connected researchers. 
The existence of the data base has not been publicized. Neither the fed- 

eral nor any provincial government has yet requested the use of the 
data base for freight planning purposes. Thus, the difficult and 
touchy questions of agency access, data aggregation and release, and 
ultimate use really have not occurred. Fourth, the geographic and 
commodity coding schemes common to the four main sets of data auto-
matically result in appreciable aggregation of the data. 

Appl:cability of the CIGGT Data Base Concept to United States 

The idea of creating or designating an organization separate from 
the carriers and government as a neutral third party keeper of the 
vital statistics on freight transport, especially traffic flow data, has 
considerable appeal for the following reasons: 

Potential government users would hope for 

increased data availability, including sources heretofore 
unavailable (i.e., motor carrier rate bureau O-D data) 
through carrier willingness to share data if interests 
are protected; 

census rather than sample data, especially in view of auto-
mated record systems in operation; 

avoidance of aggregation problems, including premature 
grouping by commodity and/or geography, cell suppression to 
avoid disclosure, etc., inherent in Census of Transportation 
data; 

increase the kinds of data available and needed for planning 
(e.g., transit time, time reliability or variance, shipment 
value, tariff or revenue); 

availability of more useful statistical series and summaries; 

*and elinination of interagency rivalry and overlapping respon-
sibility (e.g., ICC and FRA competition for railroad waybill 
sample). 

ising data for research is a lot different than for governmental 
planning; it is far easier to maintain confidentiality than in a situation 
where the public has freedom of access or where special interest groups 
are seeking data for narrow, possibly ulterior purposes. Also planning 
ultimately involves public policy issues which at times are going to 
run counter to carriers' perceived interests. Thus supplied data could 
very well be used against carriers. This situation rarely occurs in a 
research situation. While a veto-type mechanism might be set up to 
provide control over the data, it is hard to maintain confidentiality 
and accountability necessary to protect data from leakage and potential 
misuse. Thus we conclude that the CIGGT data base concept is not 
directly applicable to the problem of finding acceptable institutional 
mechanism for improving the amount and quality of traffic flow data 
available to state DOT's. 
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the development of specialized utility programs to select, 
sequence, array, summarize, and display the data in any 
form devised by the researcher. The files, which could be 
massive and unwieldy if based on census-type data, could 
be maintained in alternate forms and sequences. Conform-
ance to standard coding systems could be assured. Histori-
cal or time series data could also be developed. In short, the 
motivations for making the data useful could be far greater 
than in government, where it would be just one of many 
data files maintained for operational purposes. 

Although there are many potential advantages to the 
transportation statistics center concept, it could be difficult 
to implement. It essentially requires government-carrier  

agreement plus legislation not only establishing an inde-
pendent transport statistics center but also transferring data 
and functions from existing agencies. 

USDOT Be Responsible for Traffic Flow Data. Under 
this option, different traffic flow data efforts would be con-
solidated under USDOT aegis. This is not a new idea, the 
concept of a national transportation data bank having been 
seriously considered in 1968 and revived on several more 
recent occasions (see Fig. G-2). The current TSC work 
fits within this concept as "the development and mainte-
nance of the DOT transportation information base" and 
"the sharing of technical, social, and economic understand-
ing with the transportation community." 

FIGURE G-2 

PREVIOUSLY PROPOSED LEGISLATION TO ESTABLISH 
A NATIONAL CENTER FOR TRANSPORTATION STATISTICS WITHIN USDOT 

On June 10, 1975, Congressman Fred B. Rooney (D-Penna) introduced 
H.R. 7778, legislation "to help improve and maintain an adequate trans-
portation system through the systematic collection and publication of 
statistics with respect to the transportation of passengers and freight 
by railroad and other modes, to establish a National Center for Trans-
portation Statistics, and for other purposes." (10) 

The intent of the legislation was to establish a Center under the 
Secretary of Transportation that would be responsible for (1) collecting 
and reporting "full and complete statistics" on the conditions of trans-
portation in the United States and in foreign commerce; (2) coordinating 
Federal collection and dissemination of transportation statistics; and 
(3) collecting and publishing whatever statistics may be necessary to 
"Assure a complete statistical picture of transportation in the United 
States." Expressly stated was the purpose to "assist ... state and local 
transportation agencies, including regulatory agencies, in improving and 
automating their statistical and data collection activities." Although 
traffic flow data were not specifically identified, they obviously were 
comprehended by the general approach of coordinating statistical and data 
activities along the other desirable goals such as avoiding unnecessary 
duplication of statistics collection, developing standardized collection 
nethods, and reviewing and reporting on transportation activities in 
foreign countries. The Center would be partially funded from service fees 
collected from the users (except certain Congressional Committees) and 
would "provide all interested parties, including public and private agencies 
and individuals, direct access to data ... subject to such conditions as 
the Director (of the Center) may prescribe." The proposed legislation 
addressed the states' need for a central source of all transportation data. 

On June 11 and 12, 1975, hearings were held before the Subcommittee on 
Transportation and Commerce on this legislation as well as other matters. 
The testimony given did not evidence overwhelming support for the Statistics 
Center within USDOT. For example, the ICC representative stated that 
while the Commission generally was supportive of the purposes of the 
legislation, it was unwilling to surrender all transportation data work 
to the Center and on other points doubted the ability and capacity of the 
Center to handle the overall task. Similarly, the Deputy Under Secretary 
of Transportation testified that the Department sees "great merit in the 
object of the bill" and is ready to assist in achieving the objective; 
yet, there were some salient points to be cleared up including "problems 
in how the Federal activities relate to existing state programs and in the 
protection given proprietary data." 

Consequently, no action was taken by the Subcommittee. House Bill 7778 
is now dormant and there is said to be no plam, at least for now, of the 
Subcommittee on Transportation and Commerce to revive the matter. Neverthe-
less, it is reported that the USDOT maintains at least a latent interest in 
eventually establishing the Center. 
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This arrangement has a number of potential advantages: 

It capitalizes on past traffic flow data processing ex-
perience and existing staff expertise. 

It places traffic flow data consolidation and mainte-
nance responsibilities within an agency that has a prime 
need and use for the information derived, as well as tech-
nically aiding and financing transportation planning at the 
state and urban area levels. 

It facilitates improvements and refinements on an on-
going basis. 

There are a few major disadvantages, however: 

USDOT is not considered by some of the carriers to be 
a neutral party; hence, there may be some unwillingness to 
provide traffic flow data. 

To fully implement and avoid duplication would re-
quire legislative changes transferring established programs 
from other agencies to USDOT. This would be very diffi-
cult to accomplish. This might simply rekindle past inter-
agency battles. 

There is always a danger that in developing a truly 
unified and comprehensive data base, additional and/or du-
plicatory demands for information would be placed on car-
riers which, instead of reducing government involvement, 
would increase it. 

USDOT is already working on establishing a consolidated 
commodity flow data base (G-9). It has also undertaken 
numerous interrelated economic-base studies that depend on 
transport flow data. A strong case can be made for this 
particular option. 

Expand the U.S. Census o/ Transportation. The final 
option involves expanding the present Census of Transpor-
tation to become the basic source for traffic flow data. It 
has the virtue or potential of being the only truly compre-
hensive approach, provided it is expanded to include the 
agricultural, mineral, and wholesaling sectors. Were this 
option to be fully implemented, the coverage, sampling 
rates, and detail sought on sample shipments would be 
significantly expanded and the census conducted on a con-
tinuous basis. Data on phsyical movements as well as trans-
port expenditures would be obtained. This option must be 
viewed as long-term; there undoubtedly is appreciable cost 
associated with expanding the census to become truly use-
ful in state-level freight planning. A shared cost arrange-
ment might be necessary. 

Although expansion of the Census of Transportation has 
been promoted by USDOT, the Bureau of the Census may 
be taking a somewhat different tack. Recently, the GNP 
Data Improvement Project staff made a series of recom-
mendations for improving the economic censuses, of which 
the Census o/ Transportation is but one of nine (G-11). 

Although no final decisions have been made, an economic 
rather than physical movement orientation may be in the 
offing. Some of these recommendations were to be imple-
mented in the 1977 Census of Transportation. Specifically 
some agricultural, mineral, and wholesaling sectors were to 
be included. 

The major recommendation involving transportation was 
as follows: 

Absence of data on transportation costs is one of the 
more serious data deficiencies owing to its critical role in 
computing gross margins. The deficiency can be traced in 
large part to the history of subjecting each new type of 
public carrier of goods to the control of a different regu-
latory agency or to a different department of the same 
agency. There is no comprehensive and consistent set of 
data on all forms of transportation as an industry. The 
so-called Census of Transportation is a misnomer, limited 
as it is to a sample survey of waybills and selected pas-
senger's trips. That is, it is a users' survey rather than a 
survey of the industry's input and outputs. Legislation is 
probably required to enable the Bureau of the Census or 
the Department of Transportation to assume responsi-
bility for developing industry-wide statistics that could 
provide the transportation cost of moving goods from one 
enterprise to another and eventually to the final consumer. 

Improving Routing Data 

Recent Developments 

In spite of the importance of routing data to transporta-
tion systems planning, no known efforts have been made to 
improve the quality, coverage, and availability of routing 
data to state DOT's. 

Practical Considerations 

This section lists the major factors that bear on alterna-
tives for obtaining better routing data. Many of the factors 
listed earlier under "Improving Traffic Flow Data" apply 
equally here, hence are not repeated. 

Data on traffic flow over particular routes are ex-
tremely scarce. This is especially true for rail and motor 
carriers where the routing options are the greatest. Rout-
ings over the other modes either can be deduced from net-
work and/or ownership characteristics or from available 
traffic flow data. There are no good sources of complete 
routing information for railroad and motor carrier freight 
movement. 

Carriers consider routing information proprietary. Car-
riers are quite reticent to release any information indicating 
market penetration. Attitudes differ among the modes. Air 
carriers are willing to release "aged" information where rail-
roads and motor carriers have consistently resisted govern-
ment attempts to obtain past or present detailed data on 
vehicle movements. 

Government has been forced to develop "logical" rout-
ings in the absence of actual routing information. Develop-
ment of logical routings involves (1) estimating freight traf-
fic by mode and carrier between zones, (2) identifying and 
ranking available routings using a system of "links," and 
(3) assigning traffic. Such work, conceptually simple, re-
quires an intimate understanding of carrier market penetra-
tion and operating practices. State DOT's normally do not 
have this expertise available internally. Thus, logical rout-
ings form a poor substitute for actual data. 

Use of physical measures to estimate "logical" routings 
usually produces misleading, erroneous information. This 
is a carryover from urban traffic assignment techniques, 
where distance, time, or cost are used to determine travel 
paths. Minimum distance (straight line, great circle, or 
even short line) does not consider the constraints of insti- 
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tutional arrangements or the physical network. Institutional 
factors directly affect chosen routings. For example, a rail-
road originating traffic for interchange with another rail-
road routes traffic to maximize its haul and revenue, even 
though the resulting routing may be highly circuitous com-
pared to the shortest route. Motor carrier instructions are 
analogous to railroads though more limited Motor car-
riers are also limited to paticular routes by their operating 
authority, which may not permit carriers to operate over 
the shortest practical truck route. A shipper may, as a 
matter of policy, divide his traffic among competing rail-
roads or motor carriers to foster service competition, even 
though one routing is longer than another. Also, a shipper 
may originate different commodities, having different trans-
portation characteristics, which may cause him to use one 
carrier or mode in preference to another. Thus, railroads, 
and to a lesser extent motor carriers, are not free to seek 
the optimum routing in time or distance. Costs are the 
same, regardless of routing, within mode. 

File size for car movement or routing records is ex-
tremely large. In the case of traffic flow data, it is quite 
possible to maintain complete sets of annual data. This is 
not possible for car movement records, where the tremen-
dous volume of records precludes any attempt to store such 
data. A sampling approach is a virtual necessity. 

Until detailed routing data become available, improved 
network assignment models simply cannot be developed. 
Actual routing data are required to calibrate traffic flow 
models. Proxy estimates simply are not good enough. To-
day, there isn't any other alternative. Hence, with present 
day models, there is no way of knowing how well they 
simulate actual operations; thus, the results from these mod-
els can only be applied to situations where generalized 
answers are sufficient. 

Alternative Strategies 

In this case, the options are similar to those for traffic 
flow data: 

Continue the present modus operandi. 

State DOT obtain, desired information directly from 
the carriers operating in that state. 

The national transportation statistics center concept. 
Assign the task to the, federal government, with re-

sponsibility centralized either in the appropriate regulatory 
agency or in the Department of Transportation. 

Rely on incremental improvements. This course of ac-
tion has produced limited data in the past. 

States Obtain Routing Data from Carriers. Under this 
option, states would directly request from the carriers the 
routing data deemed necessary for freight planning 
purposes. 

This arrangement has a number of potential advantages: 

Helps establish working relationships by bringing car-
riers into the freight planning process. 

May be the most acceptable arrangement to carriers, 
as it permits sufficient aggregation of data to protect carrier 
interests while providing to state DOT's the data they need 
for network analysis and other planning activities. 

For larger carriers, routing data are maintained in 
computerized form. This permits mechanical extraction of 
summarization. Carriers would be more willing to do this 
if their direct costs were reimbursed by the state DOT. 

There are also some disadvantages: 

Given the sensitivity of the data, carriers may still be 
wary of sharing such data with state DOT's. The fear of 
potential governmental misuse of the data may prevail. 
Routing data would have to be obtained from all major car-
riers to be effective in network analyses. Thus, this may 
not be a practical course of action. 

A request for the data may bring out strong reactions 
against governmental involvement in planning of what is 
viewed to be private enterprise. Strongly negative reactions 
may set back the concept of statewide transportation systems 
planning. 

All-in-all, requesting routing data through cooperative 
arrangements with carriers appears to be a viable possibility. 

The Transportation Statistics Center Concept. See the 
earlier discussion under "Improving Traffic Flow Data." 
The statistics center concept applies equally well to routing 
as to traffic flow data. The example given of the CIGGT 
data base includes rail car movement data provided by two 
railroads for model development purposes. 

Assign Responsibility to the Federal Government. Again, 

see the earlier discussion under 'Improving Traffic Flow 
Data." 

Improving Cost Data 

Recent Developments 

Since the early 1970's, the ICC has been studying alter-
natives to improve the railroads' uniform system of ac-
counts. The Commission is desirous of developing a system 
of accounts that will provide detail as to the labor, material, 
and overhead of each account. It is also interested in ac-
count information on fixed and variable costs and the as-
signment of such costs to various functions, services, or 
activities. The end result will be a completely new ap-
proach to cost ascertainment by use of detailed account 
information to develop costing formulas, rather than the 
present approach using summary account information and 
formulas developed on a special study basis. 

The ICC published in the Federal Register on Septem-
ber 17, 1975, a proposed chart of accounts and supporting 
schedules. ICC then published in the Federal Register on 
March 31, 1976, a proposed uniform system of accounts 
for railroad companies which included definitions, instruc-
tions, and account tests. Both of these issuances were for 
public comment. Basically, the reporting system being pro-
posed is a matrix system that will classify operating expense 
accounts into labor, material, and overhead components, 
which are then distributed in various functional activities. 

The Rail Revitalization and Regulatory Reform Act of 
1976 provides impetus to the proposed revision. Specifi-
cally, Section 307 sets forth a requirement that the Com-
mission shall prescribe a uniform cost revenue accounting 
and reporting system for all railroads to be effective not 
later than January 1, 1978. 
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Practical Considerations 

This section lists the major factors that affect obtaining 
better information on both capital and operating unit costs. 

Government is dependent on the carriers for raw cost 
data; it does not itself generate such information. It does 
digest, organize, and publish the data. 

Great variance exists in the amount of information 
available among the modes. This depends largely on the 
amount of government regulation or financial involvement 
with their concurrent reporting requirements. 

Regulatory agency data were not designed for costing 
purposes. The accounting systems of carriers and their re-
ports to regulatory agencies provide information to monitor 
the earnings of carriers, especially balance sheet data. The 
accounts were not designed to provide the detail necessary 
for refined cost analyses. Hence, much of the current cost-
finding effort results from trying to make do with inadequate 
base data. 

Costing efforts suffer from too many data and too little 
knowledge of the data at hand. Organization of existing 
data is very important. A real need exists to assemble, re-
view, assess, and choose the best data from among com-
peting sets. A similar need exists to document the proce-
dures and assumptions used to develop unit cost data sets. 
This would ultimately reduce the number of independent 
data sets and (lie conflicts that arise from multiplicity. 

Unit cost data sets are often not maintained or adapted 
to general use. Some of the best work done in developing 
unit cost data has been done by means of special, one-time 
studies. The.resulting cost data rapidly become dated and 
stale if not periodically updated. Likewise, little provision 
is made to apply national or territory unit cost data to 
specialized situations through carefully developed adjust-
ment procedures. 

Cost data must be simplified and adapted for use in 
transportation systems planning. Much work could be done 
to present unit cost data in easy-to-use forms such as graphs, 
nomographs, equations, etc. There may also be ways of 
computerizing the storage and access of unit cost data. 

Cost data typically report yesterday's costs, not those 
likely in the future. There is a great need to develop sys-
tematic ways of adjusting recent, but nevertheless histori-
cal, cost data to reflect the current or future situation. 

Not enough attention is given to cost data. All too 
often, the acquisition of unit cost data is put off until too 
late. Consequently, there is a tendency to accept any set of 
data in the interest of getting the job done. Cost-related 
numbers tend to be accepted at face value, rather than care-
fully examined for accuracy and consistency. Acquisition 
of cost data should be organized as an on-going activity. 

Alternative Strategies 

In this case, there are three main alternatives: 

Continue the present inodus operandi. 
State DOT work with state regulatory agencies and 

carriers to develop its own unit cost data. 
Designate a federal agency or an independent organi-

zation to assemble and maintain unit cost data in a form  

useful to state DOT for transportation systems planning 
purposes. 

Rely on Incremental Improvements. This course of ac-
tion has not produced useful unit cost data in the past. Al-
though improvements are being made in industry account-
ing systems, such changes may not produce unit cost data 
suitable for statewide systems planning. Furthermore, such 
changes are still some time in the future. 

States Work Out Their Own Arrangements. Under this 
option, state DOT's working with the state regulatory 
agency and carriers would develop unit cost information 
needed for planning purposes. Several different levels of 
state involvement are possible in assembling and main-
taining unit cost data. These options are: 

Simple assembly of readily available "operating" unit 
cost data, with little or no state assessment of its strengths 
or weaknesses. Obtain data on infrastructure costs only on 
an as-needed basis. 

Pulling together alternate sets of unit cost data plus any 
documentation explaining the data. Staff study and under-
standing of the different data sets. Limited data on infra-
structure costs obtained for facilities where state investment 
is possible. 

Substantial synthesization of unit cost data based on 
thorough investigation and knowledge of the strengths and 
weaknesses of standard data sets and significant one-time 
or periodic cost analyses plus obtaining supplemental data 
from carriers. Data storage could be either hard copy or 
computerized files, depending on its anticipated use. Rea-
sonably complete data would be obtained for infrastructure 
cost to permit the simulation, evaluation, and comparison 
of alternative systems. Close working relationship with car-
riers backed up by legal authority to subpoena necessary 
data. 

Under these options, the level of detail for assembled unit 
cost data would vary from relatively gross to rather fine-
grained cost estimates. There will be occasional instances 
where even the finest generalized unit cost data are in-
adequate; in such cases, there is no option other than 
assembling the required site or line-specific data. 

Some of the advantages of this arrangement are: 

Helps establish interagency and state DOT-carrier 
working relationships. 

State DOT retains control, initiative. Thus cost data 
can be tailored to the specific situation, and can be pro-
duced when and where needed. 

The disadvantages include: 

Tends to generate additional data sets. Not only is this 
wasteful of time and manpower, but it also gives rise to 
duplicative, conflicting data sets. 

Given the sensitivity of the data, carriers may be re-
luctant to share such data with states. 

The over-all expense of establishing a strong capability 
in this area. 

Centralized Unit Cost Data Compilation and Distribu-
tion. Under this option, a federal agency or an independent 
organization would assemble and maintain unit cost data 
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that could then be provided to state DOTs and other users 
of these data. 

One possibility might be a handbook of facts containing 
a full set of unit cost data in a form readily usable by plan-
ners or analysts. Such a handbook would be updated pe-
riodically by the issuing organization. It would fully de-
scribe and document the sources of data used, assumjitions 
made, and any adjustments necessary to adapt data from 
other sources. It would carefully explain how the data 
could be modified to reflect regional differences or any un-
usual circumstances surrounding the specific application. It 
would also explain how to update the data to reflect current 
or future conditions. Compilation of such a handbook 
would greatly reduce the need for states to individually 
collect and assimilate unit cost data. 

It should be noted that many of the standard reference 
materials used for information purposes are assembled, 
printed, and distributed by private organizations on a for-
profit basis. A centralized unit cost data compilation and 
distribution service simply extends this concept to include 
data of particular interest to state DOTs engaged in freight 
transportation systems planning. 

Some of the advantages of this arrangement are: 

Availability, cost, and quality of information produced 
by an organization specializing in cost data over that done 
on a decentralized basis. 

Greater credibility and acceptance of the unit cost data 
being utilized than if they were prepared by proponents or 
opponents of a particular project, program, or policy. 

Reduces the need for maintaining such expertise within 
state DOTs. 

Disadvantages include: 

The inertia and difficulties involved in persuading a 
federal agency or organization to undertake such a pro-
gram. Obtaining necessary financial support (if required) 
from federal agencies and state DOTs to underwrite the 
service. 

Obtaining regulatory agency and carrier cooperation in 
providing detailed data on unit costs. 

Improving Rate Data 

Recent Developments 

Some study of rate simplification and computerization 
has been undertaken by the federal government (G-12). 
For the last 15 years or more considerable effort has been 
directed toward computerization of rate-finding activities. 
Early studies disclosed need for (1) standardization and 
(2) tariff simplification to facilitate computerization. Stud-
ies have been made of tariff simplification, both in terms of 
improving the logic in tarff structures and in reducing rates 
to formula. Some tariffs have been computerized and many 
shippers have developed ways of employing the computer 
to facilitate access to frequently used rates. But progress is 
slow, partly because of inertia and, more importantly, be-
cause of the complexity of the task and the cost of accom-
plishing it. Although tariff users, both carriers and shippers, 
foresee benefits from simplification and computerization, it 
is not at all clear that these are cost-effective. 

Practical Considerations 

This section lists the major factors that bear on alterna-
tives for obtaining better revenue or rate data. 

Government is dependent on carriers or rate bureaus 
for such information. Although rates are filed with regula-
tory agencies, it has been difficult for such agencies to re-
trieve this information. The carriers, working directly or 
through publishing companies, apparently are in a far better 
position to provide this information. Only regulated car-
riers are required to file their rates. 

The subject is a specialty all to itself and is not one 
that states should venture into without careful preparation. 
Knowledge of rates is not a skill that can be acquired 
readily by in-house personnel. 

The real barrier to obtaining information on rates is 
the complexity of the tariff structure. Improving of rate 
data is dependent on gaining shipper and carrier acceptance 
of the concepts of rate simplification and computerization. 
Until this is done, change is unlikely. Rate simplification 
and computerization must be viewed only as a long-term 
possibility. 

Alternative Strategies 

In this case, there are three main alternatives: 

Continue the present modus operandi. 
State DOT work out its own ararngements to obtain 

revenue or rate data. 
Federal leadership in (1) promoting rate simplification 

and computerization, (2) acting as a resource to state 
DOTs for information on rates and tariffs, and (3) sup-
port research designed to produce better rate generation 
models. 

Rely on Incremental Improvements. Unfortunately, little 
incentive exists for simplifying rates and tariffs. Hence, this 
course of action is not likely to produce significant results, 
at least in the near future. 

State DOTs Work Out Their Own Arrangements. Under 
this concept, state DOTs would (1) hire necessary experts 
to develop necessary rate information, (2) obtain the ser-
vices of regulatory agency personnel familiar with rates, or 
(3) over a period of time develop internal expertise. This 
approach would work satisfactorily where the needs for 
such data were limited. It would not be particularly satis-
factory when the data are needed for systems planning 
purposes. 

Federal Leadership in Developing Resource Data and/or 
Methods. Under this alternative, the Federal government 
would assume leadership in developing tools for estimating 
rates and tariffs in addition to promoting rate simplification 
and computerization. Such tools, which might consist of 
computerized rates, an information retrieval system, or a 
series of formulas for estimating rates, would be available 
to both Federal and state government personnel. This pos-
sibility is clearly the most intriguing, as it represents the 
centralization and dedication of effort required to resolve 
the unmet data need. 

Some of the advantages of this arrangement are: 
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Availability, cost, and quality of information produced 
by an organization specializing in rate data over that done 
on a decentralized basis. 

Reduces the need for maintaining such expertise within 
state DOTs. 

Data would be useful for many purposes other than 
systems planning. 

Disadvantages include: 

The inertia and difficulties involved in persuading a 
Federal agency to undertake such a program. Obtaining 
necessary financial support (if required) from Federal 
agencies and state DOTs to underwrite the service. 

Does not include rates for which filing is not required. 
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APPENDIX H 

BIBLIOGRAPHY 

This appendix is a bibliography on freight transportation 
planning containing 432 entries from books, articles, re-
ports, and other source materials. Each entry includes 
complete bibliographic data alphabetically arranged by au-
thor and cross-referenced by seven subject categories, in-
cluding: (1) demand forecasting, (2) modal choice analy-
sis, (3) network analysis, (4) economic evaluation, (5) 
impact estimation, (6) data related, and (7) general or 
miscellaneous. 

The references cited in this bibliography are generally 
available from the- publishing agency. The government re-
ports are generally available through the National Techni-
cal Information Service (NTIS) or the U.S. Government 
Printing Office (GPO). Where this is the case, the docu-
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who serve without compensation. The program is supported by state transportation and 
highway departments, the U.S. Department of Transportation, and other organizations 
interested in the development of transportation. 

The Transportation Research Board operates within the Commission on Sociotech-
nical Systems of the National Research Council. The Council was organized in 1916 
at the request of President Woodrow Wilson as an agency of the National Academy of 
Sciences to enable the broad community of scientists and engineers to associate their 
efforts with those of the Academy membership. Members of the Council are appointed 
by the president of the Academy and are drawn from academic, industrial, and govern-
mental organizations throughout the United States. 

The National Academy of Sciences was established by a congressional act of incorpo-
ration signed by President Abraham Lincoln on March 3, 1863, to further science and 
its use for the general welfare by bringing together the most qualified individuals to deal 
with scientific and technological problems of broad significance. It is a private, honorary 
organization of more than 1,000 scientists elected on the basis of outstanding contribu-
tions to knowledge and is supported by private and public funds. Under the terms of its 
congressional charter, the Academy is called upon to act as an official—yet indepen-
dent—advisor to the federal government in any matter of science and technology, 
although it is not a government agency and its activities are not limited to those on 
behalf of the government. 

To share in the tasks of furthering science and engineering and of advising the federal 
government, the National Academy of Engineering was established on December 5, 
1964, under the authority of the act of incorporation of the National Academy of 
Sciences. Its advisory activities are closely coordinated with those of the National 
Academy of Sciences, but it is independent and autonomous in its organization and 
election of members. 
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