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Foreword

Critical problems of highway finance, administration, and planning
have been precipitated by the stepped-up highway program, and new
problems continue to emerge. Practical and equitable solution of these
problems requires that definitive goals for future highway development
be established. Highwayneeds studies provide a clear fix on suchgoals.

The usefulness of aneeds study, however, goes well beyond the set-
ting up of highway program requirements in dollars and cents terms.
There are other benefits which are fully as important, if not more so,
and which can and should be derived by integrating needs study activi-
ties on a continuing basis with short range programing functions. For
it is the quality of the programing operation that reveals how well high-
way agencies measure up to the task they perform.

But there are many facets to needs study undertakings; and there
are many problems involved in integrating needs study operations into
the continuing day-to-day working procedures of highway agencies. The
papers presented in this symposium point up some of these and report
upon progress being made in their solution.

With respect to this symposiumas well as the one published in Bul-
letin 158, Highway Needs Studies 1957, the Committee is indebted to
the leadership and organizing efforts provided by J. P. Buckley, Chief
Engineer, Highway Division, Automotive Safety Foundation, and his
staff.

Fred B. Farrell, Chairman
Committee on Highway Costs
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What Should Highway Needs
Study Reports Contain?

HOMER A. HUMPHREY, Senior Highway Consultant, and
JAMES A. FOSTER, Assistant Manager, Highways and Municipal Bureau
Portland Cement Association, Chicago

Highway needs studies have been made for a wide variety of pur-
poses: from a comprehensive study of all highway problems within

a state, to one involving consideration of but one or two major prob-
lems. Report contents have varied widely because of this fact, and
because of attempts by the states to tailor their studies to the partic-
ular audience at which the study is primarily aimed.

This paper presents the results of an analysis of all available
highway needs study reports to determine what topics should be in-
cluded in a comprehensive report, and the best method of presenting
each topic.

The topics to be included in an over-all needs study report, as
compiled from the analysis, are listed herein in a manner similar
to a table of contents for a report. Facts and figures deemed essen-
tial to each phase were also developed from a review of the reports.
They are discussed under pertinent headings.

This paper covers only report content. It does not deal with the
factors of format and production which are also important for a com-
plete report.

@ THE TITLE of this paper has been phrased as a question because the review and
analysis of all available highway needs study reports show that there seem to be as
many answers to this question as there are reports. Part of the reason for the wide
variance in content and scope undoubtedly can be attributed to attempts to tailor the
studies to the individual needs of the states, and to particular audiences at which the
studies were aimed.

Following analysis of the reports (bibliography included), the authors compiled a
list of topics which seemed essential to a comprehensive study of highway problems in
any state. The reasons for inclusion of each topic in the study are given in this paper,
together with the data deemed necessary to presentation of a clear picture of the topic.

Briefly stated, each report should contain sufficient information on each topic to
give the reader a complete understanding of the highway problem in the state under con-
sideration and to support the recommendations made. The text must be clear and con-
cise. Charts ought to be simple and should be used to cover every item requiring
graphical explanation (see '"Charts for Highway Needs Studies, " Bulletin 158, p. 109).
Photographic illustrations should be of high quality and chosen to depict clearly the
points to be made. Visual aids will not be discussed further, as this paper will deal
only with the topics to be considered for the text or body of the report.

The completed report will be directed mainly at two groups; the committee respon-
sible for the highway needs study and the highway administrators and engineers of the
state. It will also be reviewed by newspaper editors and interested citizens. There-
fore, it should present the facts without bias.

Because the highway problems of most states include many items, the report can
only cover the highlights of each topic. In this connection, it is suggested that separ-
ate detailed reports on each major subject could be developed for use of the highway
department. Such reports will be useful as a "library of facts' for future reference,
and for keeping up-to-date the needs studies. To be fully effective, these studies must
be kept current long after the initial report has been made. To accomplish this, it is
essential that good records be established and maintained.

The analysis of existing reports established that there were basically two types of
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reports; one deals with both engineering TABLE 1
and financial problems, the other type TYPICAL HIGHWAY NEEDS STUDY

deals only with the engineering phase, but
is supplemented by a report covering the TOPICS FOR COMPR‘EHENSNE REPORT
financial study. Both types of presenta- Section Topic

tion have merit. In any case, the engi- 1. Scope and Purpose of Report
neering and financial studies must pro- 2. Economics of Highway Transportation
ceed together with the reports released at 3. Highway Use Existing and Future
the same time 4, Classification of Highway Systems
. : . . 5. Standards of Design

Following the review of reports, a list 6. Interstate and Primary System Needs
of topics (Table 1) was compiled for a 7. County and Local Road Needs
typical comprehensive highway needs 8. Urban Street Needs
study report. Each subject is treated as 9. Federal Aid

individual topic in order to simplif 10. Maintenance
an in t P _ _p y 11. Administration
presentation of this paper. The list of 12. Programing and Priorities
topics is not necessarily to be considered 13, Financial Needs and Highway Revenues
an example of table of contents to be fol- 14. Sources of Additional Revenue

15, Recommendations

lowed closely in format of the actual re-
port. Data to be included will be discussed under each topic appearing in Table 1.

1. Scope and Purpose of Report

This topic will serve as the introduction and outline the scope and purpose of the re-
port. It discusses the creation of the committee to make the study, or the decision by
the department concerned to have the study made.

If the study was made as the result of legislative action, pertinent sections of the
law can be cited to show the phases of the highway problem studied. Otherwise, the
written departmental decision to make the study can be quoted to show the purposes
and specific phases covered.

This section should include reference to the outside agencies making or assisting in
the study.

2. Economics of Highway Transportation

Under various titles, most of the highway needs studies have included a section
dealing with highways in the state's development. This has covered also the economic
and social resources of the state. Such a discussion is important to the study as it de-
velops the reasons for the present highway problem and outlines the future of highways
in the state's economy.

Starting with a brief review of existing highway systems and the laws creating them,
this topic will furnish economic background and related reasons for the highway prob-
lems under study. Present and future land use should be outlined, together with factors
involved in the growth and distribution of the state's population.

This will involve discussion of agriculture, mining, manufacturing, business, com-
mercial and residential land use and requirements. Each of these should be discussed
only in sufficient detail to bring out their relationship to and effect on highways, par-
ticularly future highway use. It is important, for example, to depict the Spread of
residential areas around the larger cities of the state, and the need for transportation
facilities in those areas.

The growth of the state can be developed in a brief history, which will include occu-
pational and population changes. If there is any population trend toward urban areas,
this can be discussed in some detail because it will have an appreciable effect on high-
way needs. Population trends and forecasts developed under this topic heading will be
required in estimating highway revenues for the later discussion of future revenues.

3. Highway Use, Existing and Future

Some of the highway study reports have included this topic under the foregoing, and
where discussed separately, there has been considerable variation in the extent of
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material presented. However, knowledge of the use being made by vehicles of a state's
highways is fundamental to the development of an adequate highway system and suffi-
cient data should be given to allow the reader of the report to understand the subject.

The service highways have performed in the past and will perform in the future is
one of the important bases of a needs study. The data are absolutely necessary for
proper reclassification of highways, if needed.

Both the volume and the pattern of traffic should be established for the various clas-
ses of highways in the state. Trends in use can be developed from the growth and
changing occupational character of the state as indicated under section 2.

Size and weight of commercial vehicles play an especially important part in struc-
tural design of roads and bridges. Full consideration must be given this subject in fore-
casting future highway use.

Itisbelieved that this chapter is the logical place to develop registration data, persons
per vehicle, vehicle miles by classes of vehicle, and motor fuel use. Trends in these
factors over a period of years are essential for use in determining highway revenues
of the future.

4. Classification of Highway Systems

Proper classification of highways into systems is one of the most important steps in
highway planning. The need for such classification should be clearly set forth in this
topic.

Criteria for classification must first be established. Definitions of the various
highway classes and the bases and procedures used for classification should be outlined
concisely, so that they will be apparent to those readers who are not highway engineers.

In order to explain the process of reclassification, each existing system of the state
can be examined individually, and the service rendered by the various mileages ap-
praised. By means of this appraisal, it may be determined that certain road mileage
in each system should be changed to a higher or lower system. When these mileages
have been determined for each system, the reclassification can be made and resulting
benefits pointed out.

5. Standards of Design

This is treated as a separate topic in this paper in order to discuss it only once.
Highway needs study reports logically deal with required standards of design in their
discussions of each system.

The design standards set up for each system govern the adequacy and probable cost
of future highways in a state. Structural and geometric standards should be selected
that are fully adequate for the traffic the highways are expected to bear. They should
yield the greatest safety and convenience to motorists possible, without being exces-
sively costly in relation to their classification and the benefit to be obtained.

6. Interstate and Primary System Needs

This topic and the two following cover the physical needs of the highways and set the
pattern for the long-range programs developed in the recommendations of the report.
Because of the nature of the problems involved, both rural and urban sections of inter-
state and primary systems should be examined together.

Generally the interstate system comprises the highest traffic volume sections of the
highway system. Therefore, their mileage has an overriding importance in the econo-
my of the state and must be given first emphasis.

Interstate system projects represent a new concept in highways because of their high
standards of design and rigid control of access. This latter feature has evoked some
opposition from the public as well as a few local officials. The many advantages of
interstate system design should be set forth in detail in this chapter—graphically and
otherwise—to eliminate as much as possible adverse reaction to the system itself,
Substantiating data can be used to show that this type of highway will save lives and in-
juries through fully adequate traffic service and that it will also result in direct mone-
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tary saving to the autoist and trucker through reductions in vehicle operating costs.

The urban sections of the interstate system will have a direct bearing on the future
growth of metropolitan areas, through both their design and location. The relationships
of these sections to the urban development and mass transportation plans of cities of
the state can be developed here.

With the material suggested in the preceding paragraphs serving as background, the
specific state needs on the interstate system can be summarized. Needs for all sys-
tems should include rights-of-way and their costs. It is presumed in this statement
that the needs study will be made in the state after the report requested by Congress in
Section 108(d) of the Federal-Aid Highway Act of 1956 has been completed and the
state's data brought up-to-date for this study.

Presentation of the needs on the primary system can follow along the same pattern
as for the interstate system. It is believed that the procedures used in determining
needs together with details of the resulting findings should be embodied in a separate
report as part of the ""library of facts" referred to earlier in this paper. General in-
formation on the deficiencies and inadequacies found can be discussed in summary form
as was done in the 1955 report of the Michigan highway needs study.

In developing the needs it will be found that there are immediate pressing needs and
future needs as volumes and weights of traffic increase. There will be a combination
of both which will be economically feasible and that can be shown in tables listing costs
by five-year periods. Rural and urban sections of the primary system should be tabu-
lated separately.

Costs of modernizing the system can be estimated with the year of study serving as
the base for cost data. This is not the place to introduce a discussion of the fluctuating
value of the dollar.

It is recommended that the needs cost estimates be developed according to systems,
as developed in the section on reclassification. Of course, the reclassification has
been recommended but not adopted at this point; but it should be assumed that the rec-
ommendations of the report will be adopted. If desired, the estimates based on exist-
ing systems can be tabulated in a separate report, or as an appendix to the study re-
port.

7. County and Local Road Needs

Establishing the needs of county and local road systems will be different, because of
lack of complete information. The introduction to this topic can briefly outline the pro-
cedure used and stress the cooperative efforts of county engineers and township officials.

With the procedures outlined, deficiencies can be discussed and the means of cor-
recting them described. The final step in this section will be summary tabulations of
the costs of modernizing each system as reclassified. Estimates based on existing
systems can be handled as those for the primary system.

8. Urban Street Needs

This topic will follow generally the methods employed for county and local roads.
The procedures used, and the cooperative role of city engineers and officials will be
explained. It is advisable to discuss arterial streets separately from local access
streets.

In the discussion of arterial streets, it is well to explain their functions and to cor-
relate them with the proposed freeways of the interstate system. These two highway
systems, plus urban extensions of state primary routes, should form an integrated net-
work of heavy traffic arteries for the collection and distribution of intercity and intra-
city traffic. It may be found that the larger metropolitan areas need additional free-
ways to make a well rounded system. If so, their desirability can be stressed and
their important place in the over-all metropolitan plan and transportation program
emphasized.

Following this discussion, arterial deficiencies can be listed and modernization re-
quirements developed. The cost estimates for meeting needs should be tabulated in a
manner similar to that used for urban routes on the interstate and primary systems.
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Deficiencies of local streets can then be listed and, from them, the needs established
together with the cost of modernization. Needs for streets in suburban areas, found in
most states around the larger cities, should be included. Generally speaking, these
areas have developed in haphazard patterns in unincorporated portions of counties sur-
rounding large cities. Provision must be made for them, and this part of the report
could well devote some space to their future and how they can be handled. Their needs
and costs of modernization should be kept completely separate from those of streets in
incorporated places.

With development of needs of local streets, the needs of all systems and the monies
required to make them adequate have been presented in tabular and other forms in sec-
tions 6, 7 and 8. These represent the major financial requirements; but there still re-
main other necessary expenditures and federal aid to be considered.

9. Federal Aid

Federal aid for highways represents an important part of construction expenditures.
It is believed that this subject should be covered in one complete topic, although many
needs study reports have considered it with each system. A logical place for this dis-
cussion is immediately after needs and costs have been well established, and before
the costs are summarized.

A very brief history of federal aid for highways is suggested, with emphasis on the
part it has played in development of the state primary system. This discussion can
list some of the benefits derived from the cooperative effort of the states and the Bu-
reau of Public Roads, together with the effective results of research.

The major concern of the needs study report, of course, is with future federal aid,
particularly allocations for projects on the interstate system. The over-all effect of
federal aid on state construction funds in the past should be explained. But the main
emphasis in this section should be with estimates of future federal aid. This will be
used in the section on financial needs of the highways.

10. Maintenance

Maintenance expenditures are increasing, generally, each year because of rising
costs and higher standards of highways to be maintained. They involve large expendi-
tures by the state, counties and cities and could well be handled as a separate topic to
show the size and scope of maintenance activities. However, most of the highway
needs study reports have included them in the discussion of the needs for each system,
without emphasis.

To point up the large total of maintenance expenditures, they can be discussed by
systems in one section. Because work by the state highway department will represent
the greatest share of expenditures, and state data are more readily available, it can
be discussed in some detail. Need for continuing maintenance, and the various types
of operations required should be outlined.

The fact that the construction program involves reconstruction and modernization of
many existing highways can be pointed out, and the resulting effect on maintenance
costs discussed. Finally, future maintenance costs should be estimated annually, to
be included in total highway costs for the duration of the programs suggested.

Maintenance costs for roads and streets of counties, townships and municipalities
will not be available in as much detail as for state highways. Sufficient data should be
available however, to develop fairly sound estimates of future maintenance costs so
that total costs can be compiled for these systems.

11. Administration

Some of the highway needs study reports have devoted considerable space to admin-
istrative problems of the state highway departments and other units of state govern-
ment having jurisdiction over highways. Recommendations were made concerning as-
signment of responsibilities, highway management, reorganization of highway depart-
ments and local units, and cooperation between units of government.



Because highway administration and management vary widely between states, it is
not possible to suggest the exact extent of this topic in the report. It is recommended
that the study include an analysis of the operations of the highway units in the state and
that there be included in the report summary recommendations which will establish in
the state efficient management structures and methods for the various highway agencies.

This section could also include discussion of highway operation and the needs for
traffic servicing, including traffic movement, law enforcement and parking. Some of
the study reports covered these topics while many did not.

Estimates should be made of annual administrative and operational costs on each
system for the future, to be included in the financial needs of highways.

12. Programing and Priorities

This topic is essential to the study report for two reasons. First, the total needs
established for each highway system of the state must be organized into financial pro-
grams. Seconl, the sections of inadequate highways must be grouped according to ur-
gency so that a balanced program can be developed.

Many of the reports analyzed have suggested programs of varying length—10, 15 and
20 years, usually—together with the cost of "'stop-gap' work and replacements neces-
sary for each program. It is believed that such programs are a useful device as they
permit comparison of various methods of financing. Programs should, of course, be
prepared for each system.

One important administrative function is the programing of projects for construction.
Advance planning is the only sure method by which the yearly operations of a highway
department can be coordinated to develop an adequate highway system. This applies
not only to the state highway department, but to all units of government having juris-
diction over roads and streets.

In developing advance construction programs, one of the necessary steps is to ar-
range the projects in order of inadequacy, to program first those requiring improve-
ment the most. This requires establishment of a system of priorities—the subject has
been covered fully in other Highway Research Board papers and will not be discussed
further in this paper.

With the priority ratings serving as guides, programs for construction for each sys-
tem can be compiled taking into account also other factors, peculiar to each state, to
assure a balanced highway program in future years. It is suggested that the programs
be established for five-year periods, subject to review during each period to make cer-
tain that the program is on schedule and kept abreast of current conditions.

13. Financial Needs and Highway Revenues

The prime purpose of this topic is to bring together all needs costs into one section,
and to compare them with highway revenues under existing laws. This will show the
financial size of the problems under any program suggested.

Up to this section, the report has been primarily an engineering treatise. From
this point, the major emphasis will be on finance and the related problems of the state
and its subdivisions. The method of financing highways will have to be considered
separately for each system in the state.

First are the state taxes for highways, and other receipts accruing to the state high-
way department. Each tax levied by the state for highways should be discussed. Rev-
enues from each tax should be estimated for each year of the proposed program as the
revenues would develop under existing laws and under growth of motor vehicle use.
These estimates can be based upon the material presented under topics 2 and 3. Growth
of other receipts should also be determined and estimates made of income for future
years.

However, revenues cannot all be used for state highways and highway construction.
Costs of collection, refunds and other expenses must be deducted. Depending upon
state laws and methods of operation, there may also be deductions for retirement of
bond issues and, possibly, diversion to non-highway uses. In addition, there may be
allocations to counties, townships and cities of state-collected taxes for highways.
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It is difficult to suggest an exact method of handling these items, as they will vary
greatly among states. However, the end result should be a tabulation listing revenues
from each tax annually, or in 5-year periods, for the duration of the programs sug-
gested, and allocations or deductions from the tax with the net available for use by the
state highway department. This net can then be compared with total highway needs for
each year or period. This will show clearly to the reader whether or not funds will be
sufficient.

Similarly, county, township and municipal receipts for highway purposes can be de-
veloped for each system, and debt service and other fixed items deducted to show the
net for highway purposes. The net can then be compared with the requirements of the
proposed programs for the systems. While they have been discussed jointly in this
section, they should be handled separately in the report.

Presumably deficits will be found for some, if not all, of the systems. In discussing
these deficits it is suggested that the economic benefits of good highways be emphasized.
This will help to offset a possible adverse reaction to the suggested increased taxes of
the following section.

Savings to the motorist can be shown as resulting from changes in county roads as
well as from the controlled access, heavy-duty interstate system. Benefits to industry
and property owners can be cited to show the savings accruing to all citizens of the
state from modern highways fully adequate for the traffic they will carry.

When this section has been concluded, the reader should have sufficient data to
grasp the extent of the problem for each system within the state, and be prepared for
the discussion on additional revenue requirements.

14. Sources of Additional Revenue

Development of sources of additional revenue for highways is most important in the
report, as adequate financing is essential to any long-range highway plan. Although
all states rely largely on motor vehicle taxes for highway support, assessment and al-
location practices vary widely between states. This results in individual state prob-
lems and only general considerations are indicated in this paper.

Full thought should be given to bond issues for financing state highways. The added
costs of bond issues can be offset by savings to the economy of the state through low-
ered costs of motor vehicle operation, relief of traffic congestion and other benefits.

Another consideration in use of bond issues is the fairly steady increase in construc-
tion and right-of-way costs. If these continue as they have in the past, highways built
now will cost much less than they will several years in the future. Savings in such
costs might well underwrite the additional cost of financing the bond issues.

Each of the taxes listed in the previous section can be examined briefly in the re-
port, but only those with possibilities for increases should be considered in detail.
This will include the gas tax, auto registration fees, truck licenses and miscellaneous
fees. Re-allocation of motor vehicle tax allotments should be examined and, for other
units of state government, increases in property taxes could well be considered.

In summary, all possible sources of additional highway funds should be taken into
account in this section, and measured against the yardsticks of financial needs and pos-
sible increases in costs. If properly presented, the best sources of funds will auto-
matically stand out and be readily apparent to the reader.

15. Recommendations

The recommendations contained in this section will be based on all previous sections.
If the work has been well conceived and executed, the recommendations will be the
logical conclusions to be drawn from the preceding discussions.

It is suggested that each of the recommendations be accompanied by two or three of
the most cogent arguments for it, and the purposes it will accomplish. There are
several reasons for this suggestion:

1. It will permit the "Recommendations" to be lifted bodily from the report and be
understandable.



2. It will give those who read carefully only this section a sound outline of the study
and its results.

3. It will form the basis of a summary report which, with photographs and other
visual aids, can be published in quantity for the general public.

4. Because substantiation will be given for each recommendation, the study com-
mittee will be able to grasp the import of each, and deal with it, without reference to
previous sections of the report.

This section is the most important in the report, because it "wraps up'" under one
topic all discussion that has preceded it. The program depends upon widespread ac-
ceptance of the recommendations. They must be authoritative and convincing.

CONCLUSION

The report as just outlined presupposes that all the data can be obtained in the state.
This will not be true for all states at present, but the data should become available as
states realize the value and importance of complete information to highway planning
and in gaining public support.

In this paper, the ground to be covered and the most important items to be developed
in the needs study of a state are shown. The steps recommended may not be applicable
to all states, but are generally necessary for a thorough report.

This paper dealt only with content, and no discussion has been included of the format
or production of the report. These items are most important, because a well-organized
and attractively printed report is very helpful in obtaining acceptance of the report.

An experienced layout and production authority should be engaged for this work.

Because the report must have broad scope—covering as it does the highway activity
of an entire state, a multi-million dollars industry—it will necessarily be rather
lengthy and some sections, by reason of the subject matter, may be far from popular
magazine style. The report should not be aimed at engineers alone, but to legislators,
state officials, editors and others with an active interest in highway progress.

For the general public, who should be convinced of the worth of a sound program be-
cause they have the final approval, a summary report is very helpful. The summary
should of course, cover the highlights of the report, be written in non-technical lan-
guage and simply presented.

The full report and its summary will present the facts on highways to the legislators
and people of the state. Putting the recommendations into effect will be up to them,
but the better the reports, the better are the possibilities of sound long-range highway
plans.

SELECTED BIBLIOGRAPHY OF HIGHWAY STUDY REPORTS
PUBLISHED SINCE 1945

Arizona 1952 - An Economic Study
1953 - Report of the Special Legislative Highway Study Committee
California 1946 - Engineering facts and a future program for highways, roads,

streets and bridges

1946 - A proposed system of highway financing for the State of
California

1952 - California state highways

1952 - Financing California's highways

Colorado 1950 - Colorado's highway needs and financing

Connecticut 1953 - Report of highway fiscal resources committee

Delaware 1955 - A Plan for Delaware Highways

Florida 1954 - A rz;;ort to Legislative Council Covering Florida Primary
Roa

Idaho 1949 - Idaho highways



Idaho

Illinois
Indiana
Iowa

Kansas

Kentucky
Louisiana
Maine
Maryland
Michigan
Minnesota
Mississippi
Montana
Nebraska

New Hampshire

New Mexico
New York

North Carolina
North Dakota

Ohio

Oregon

Pennsylvania
South Dakota
Tennessee
Utah
Vermont
Virginia

1955 - Idaho highway and street problem
1955 - Highway costs and highway needs

1948 - A highway improvement program for Illinois
1956 - Indiana's highway needs
1948 - Report of highway investigation committee

1948 - Highway needs of Kansas
1948 - Highway finance estimates

1955 - A highway program for Kentucky
1956 - Financing Kentucky's Roads and Streets
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A Highway Taxation Cost-Benefit Analysis
BERTRAM H. LINDMAN, Consulting Engineer and Economist, Washington, D.C.

@ THE BROAD research assignment undertaken was to seek improvement of the high-
way financing studies that accompany state highway needs studies; the more specific
assignment, to seek clarification and standardization of requests by economists for en-
gineering information needed in their highway financing studies. The carrying out of
these assignments in a comprehensive and satisfactory manner required an exploration
of the highway financing problem in its many ramifications—economic justification of
highways and effective highway legislation and administration, as well as highway taxa-
tion, revenue distribution, programing of projects and the like. The undertaking has
resulted in a promising method of approach for highway financing studies, designated
as "a highway taxation cost-benefit analysis." The report of this undertaking, herein
condensed, was of necessity limited to an outline of the development and general appli-
cation of the cost-benefit analysis. ®

A review of the highway needs study movement and of published highway financing
reports showed that the major obstacles, both to effective formulation of highway fi-
nancing programs and effective elicitation of engineering information needed in highway
financing studies, are to be found in the vital cost allocation area of the financing stud-
ies. Different economists had developed a wide variety of allocation procedures based
on a multiplicity of theories and concepts and productive of a diversity of results.

Recent federal legislation, particularly the extensive legislation of 1956, needed to
be made an important consideration in this study because of its sweeping effect upon
highway financing and the state highway study movement.

Included in the 1956 legislation are two major financing provisions which are radi-
cally altering state highway financing. One is the adoption of federal highway user tax-
ation to finance the interstate system and all other federally aided highways. The other
is the establishment of the federal share of interstate system financing at 90 percent
and the state share at 10 percent. These two provisions will in all probability make it
more difficult for the states to obtain increases in highway user taxation for any high-
way purpose other than to match federal aid. On the other hand, 90 percent federal fi-
nancing of the interstate system will relieve the states of considerable financial re-
sponsibility for state highways incorporated into that system.

Included also in the 1956 legislation are several study provisions which directly af-
fect state highway studies. One is that each state make an engineering needs study in
cooperation with and under the direction of the Bureau of Public Roads. Another is that
the Bureau, in cooperation with other federal agencies and the states, investigate the
feasibility of certain bases of highway taxation and submit its findings to the Congress
for use in deliberations of federal highway tax problems. Any Congressional action re-
sulting from these cooperative studies will be conditioning factors in any future state
fiscal studies.

The first step in this study was to analyze the essential or pertinent principles,
theories and concepts of highway finance and thereby establish the basic objectives of a
highway cost allocation. It was finally determined that a cost allocation should be (a)
equity-directed to ensure a fair schedule of taxes and a proper distribution of tax rev-
enues, (b) economy-directed to ensure that the taxpayers get their money's worth in the
engineering and financing programs, and (c) administration-directed to facilitate the
enactment of workable systems of taxation and revenue distribution and to promote ad-
ministrative responsibility at each level of government.

When the cost to be allocated is an engineer-recommended, long-term highway needs
program cost, the beginning point of the economist's analysis should be the program
cost computed for each highway system, and the end objective, plans for raising tax
revenues in those amounts for, and distributing them to, the respective systems.

Equity to taxpayers requires that the legal distinction between special- and general-

!The complete report has been published by the Highway Research Board as Special
Report 35. 1
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purpose taxes be recognized and maintained. The right to charge highway costs to
special taxpayers as special taxes carries with it the obligation (a) to relate those costs
to the benefits which those taxpayers anticipate and (b) to expend the special tax rev-
enues for the benefit of those taxpayers. The right to charge highway costs to general
taxpayers implies an obligation to relate those costs to the benefits anticipated in ac-
cordance with the general tax policy of the unit of government concerned.

Economy for taxpayers requires that the costs of the highway needs program be
economically justified. Economy for highway users, for example, requires that costs
incurred for them be justified in such terms as savings in operating costs, in operating
time and in accident costs.

The objective of administrative feasibility requires that the cost allocation be di-
rected toward workable taxing and revenue distribution systems.

The second step in this study was to devise a method of analyzing and allocating high-
way costs which would best accomplish the established objectives. A review of avail-
able cost allocation bases in the light of these objectives indicated that the two most
promising ones were ''costs caused or occasioned'" and "benefits anticipated or re-
ceived." Both are generally acceptable, have had long use by economists, are applic-
able to highway needs program costs and the special taxpayer problem and have pros-
pects for improved application. Furthermore, these two bases can be used to advan-
tage in combination much as the benefit-cost ratio is used throughout the engineering
world. One of the fundamental principles of engineering economics is that projects
which provide benefits in excess of their cost are economically justified and, further,
the project which provides the most benefits in relation to its cost has the greatest
economic justification.

The cost-benefit analysis developed as a result of this study is briefly as follows:

1. To search out by means of a probe of the decision-making processes underlying
the highway needs program, the program costs included for each beneficiary or tax-
payer group.

2. To make an independent calculation of the program benefits to each beneficiary
or taxpayer group.

3. To compare the costs and benefits calculated for the respective taxpayer groups
and establish the cost chargeable to each.

For the assignment of costs, the following two basic rules were developed:

1. That each special taxpayer group be held responsible for the highway costs in-
curred in its behalf, but only up to the limit of the economic benefits which will accrue
to it.

2. That general taxpayers be held responsible for all other costs in excess of those
assignable to special taxpayer groups.

The first rule is based on the conclusion that when the government uses its special
taxing power, it is proper for it to recover from special beneficiaries of a highway
program those costs incurred to provide facilities for their special benefit; but it is
unjust for it to recover more than the incurred costs, and economically unjust to re-
cover costs in excess of accruable benefits. Therefore, for each special taxpayer
group the quantified costs caused constitute its tax responsibility, unless they exceed
the quantified economic benefits, in which event the quantified economic benefits con-
stitute the upper limit of its tax responsibility.

All cost-benefit comparisons in which costs exceed benefits are deemed unfavorable
and proper subjects for examination in the interest of equity and economy. If examina-
tion of the cost and benefit findings indicates problems outside the province of the fis-
cal study, they should be referred back to the engineers for re-evaluation and, if ne-
cessary, submitted to the legislature for policy action.

The second rule is based on the conclusion that, since the provision of highways is
an essential function of government, all program costs not chargeable to highway users,
property owners, or other special taxpayer groups, or scheduled for financing through
tolls, are the tax responsibility of the general taxpayer and recoverable from local,
state or federal general funds. Costs specifically incurred to further the delivery of
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mail, the transportation of school children, the national defense and other governmen-
tal activities are obviously chargeable to the general taxpayer. Any costs incurred for
no specific group or activity must be presumed to have been incurred for the general
public and to be chargeable to or recoverable from the general taxpayer. Any costs
incurred for, but not chargeable to or recoverable from, a special taxpayer group
must be presumed to be in the nature of a subsidy and also chargeable to the general
taxpayer.

The residual nature of program costs chargeable to general taxpayers precludes the
necessity of using cost-benefit comparisons to establish them. However, comparisons
of the cost and economic benefits of improvements made to further some specific gov-
ernmental activity may prove useful in demonstrating to budgetary officials and the
legislature the worth of such improvements in relation to other activities sharing in
general tax funds. But these and any other comparisons of the costs and benefits of
highways to general taxpayers fall within the general tax field and are beyond the scope
of this study.

The highway taxation cost-benefit analysis was designed primarily for the use of
economists in the cost allocation phase of their financing studies and secondarily for
the use of legislators in acting upon the needs and financing programs and of adminis-
trators in carrying out these programs. By its use:

1. The economist can develop a highway financing plan resolving such problems as
the following:
a. Who shall pay how much for highways?
b. How much highway revenue shall be distributed to each governmental admin-
istrative unit?
c¢. What constitutes diversion and dispersion of highway funds and how can they
be prevented?

2. The legislature can determine the effect on the economist's proposed highway
tax levies and his revenue distribution plan of any contemplated changes or modifica-
tions in the highway financing or engineering programs.

3. The administrator can establish the relative priority of projects to be incorpor-
ated into his annual highway improvement program.

The cost-benefit analysis is designed as the basis for a state highway financing pro-
gram, but can just as effectively serve as the basis for the new federal highway financ-
ing program. That is, it was developed in response to demands for a more effective
approach to the problem of financing state highway needs programs, but is so basic in
concept and comprehensive in scope as to be an equally effective approach to the more
extensive and complex problem of financing federal highway needs programs, including
that of the new National System of Interstate and Defense Highways.



Indiana’s Highway Needs Study

D.O. COVAULT, Research Engineer
Joint Highway Research Project, Purdue University

In 1954 the Research Project was directed to make a study of the
needs on the 98,000 miles of roads and streets in Indiana. Inven-
tory, traffic, cost, and an array of other data were collected in
1954 and 1955. Most of the data collection was concentrated on the
state highway system and collection of complete data for the county
roads and city streets was not possible. Procedures for the gather-
ing and analysis of data were developed by the Research Project and
are explained.

The construction and costs required for the various systems are
presented for a 15-year improvement program. Special attention
is given to the physical and dollar needs of the interstate system be-
cause of the uniqueness of these highways. Needs for the county and
city systems were determined by a process of estimation but are
believed to be realistic and sound.

A comparison of the present and future needs is made with anti-
cipated revenues for the next 15 years. Without a change in present
revenue policies, an additional $1. 5 billion will be required to elim-
inate all highway needs.

@® FOR MANY years the Joint Highway Research Project of Purdue University has con-
ducted research in various phases of highway engineering in cooperation with the Indi-
ana State Highway Department. In the summer of 1954, the Research Project was di-
rected to make a study of the needs of the 98,000 miles of roads and streets in Indiana
(see Fig. 1). It was evident to many people that a great many inadequacies and defi-
ciencies existed in the highway facilities, but definite information was necessary about
the specific needs in order to solve intelligently the resulting complex engineering and
fiscal problems. Generally, the efforts of the early planning of the work were directed
to the solution of the following problems:

1. What are the physical needs?

2. How much will correction of the needs cost?

3. What is the relation of the cost required to eliminate the needs with anticipated
sources of income for highway improvement?

The final objective in answering these three basic questions was to develop informa-
tion that would assist highway and legislative personnel to provide an adequate, efficient,
and economical highway system in Indiana.

No attempt was made to solve the financial problems which a study of this nature
would reveal. The research was confined primarily to an engineering appraisal of the
physical needs and the costs required to eliminate these needs. Other questions which
were related to the determination of deficiencies and related costs, however, had to be
considered. Economic services of the highway, growth trends, highway classification,
accidents, traffic operations, length of program periods, and other problems were
evaluated along with the determination of the direct needs.

COLLECTING DATA

During the early fall of 1954 and winter of 1955, a complete physical inventory of
the 10,700 miles comprising the state highway system was made by State Highway De-
partment personnel. Each of the six highway districts readily supplied the necessary
personnel to complete rapidly this inventory within a few months because of the '"slack
season" between the 1954 and 1955 construction seasons. By the spring of 1955, all
inventories were substantially finished.

The actual procedures and techniques for making the inventory were developed by

14



15

H
T
111
Ja L R
2 8. xx'—< "'"‘
AT H s H=H
255 amais H
==
T : H
! i {
T 5
N H i T R
: ;@{_ H i
=: i
23 £
= T wls T
ot
H
B 3 't
4
{ 4
T H E
-
HHHH
264 e
Lo =
: E
% ,
ae! S
{
& e

Figure 1.

I
XL [
(&)
X
1 - s

Indiana's highway problem.




91

’:Dllﬁe'_______"an w_____mr_ﬂ_g}:_!_ Section ____tLon ______ | Classification
County L SR & N | S DHV.
i = i Comen_
. I Nem. Fod. 8. Type of Traffic
[End of Socion i - -
Direction of Trove! Type of Median
.No. of Trevel Lanes uWiJOh of Median 3 4
) ah—— —_::.l_  Hintery ——';‘_; — —;_ 'ﬁ.'ﬂxﬁcl_oﬁ ypical Cross Section 5. 6.
] 7. 8.
9. 10.
| 1. 12,
} 3. .
4! 1s. 16.
J' 17 1.
J] 19 20.
I 21, 2.
CShatch Plon View of Maimt, Section T T T T T T T T TTo T 2. 2.
2, 2.
2. .
29. 30.
3. 32.
3. 34,
3s. 3.
_____________________________________________ JIEL 38
F'Gml Description 3. 40,
] 42,
Q. 4.
E—-—} 45. 46.
Resion ! 4. 48

Figure 2. General information and data sheet.



17

the Research Project. Essentially the information that was required can be broken
down into three general categories: (a) road or street information, (b) bridge informa-
tion, and (c) railroad crossing information.

The road information that was collected is indicated by Figures 2, 3, and 4; bridge
information by Figure 5; and railroad crossing information by Figure 6. A great deal
more information was collected than was absolutely required for the performance of a
needs study. However, this additional information was collected for a definite purpose.
For example data concerning roadside development of various types can be used to help
determine the service characteristics of the highway and some of the effects of road-
side development on the movement of traffic. Sufficiency ratings for the rural highways
were also computed from some of the information which was not directly involved in
the needs appraisal.

Traffic data for each section of highway were placed on the inventory information.
Accident rates per 100 million vehicle miles, were computed from accident records ob-
tained from the State Police Department and traffic data for the particular section of
road. This information was also added to the inventory data.

It was not possible to make extensive inventories of the study and city and county
systems; and therefore, other sources of data were used to develop and evaluate the
needs on these systems.

PROCEDURE OF ANALYSIS OF DATA
State Highway Systems

Before actual study of the data was started, a thorough evaluation of growth trends
of population, motor vehicle registration, motor vehicle use, motor fuel consumption,
and traffic growth was undertaken. The resulting traffic growth curve for the state
highway system is indicated in Figure 7. The upper line indicates the maximum pos-
sible growth of traffic, and the lower line indicates its probable average growth. The
lower line was computed on the basis of the "least squares method'" derived from the
extension of past traffic data. The upper line was computed by the '"three factor meth-
od" which considered the growth of population, motor fuel consumption, and motor
vehicle registration.

Development of tolerable and design standards required much thought and work.
Many meetings with the State Highway Department and other qualified engineers were
necessary to produce an acceptable set of standards for new construction and tolerable
conditions. Development of standards for the rural state and county systems was com-
paratively easy. However, it was not possible to develop a formal set of standards for
the urban state highways and city streets because of the complexities of the transporta-
tion problem in a great many of these areas. Typical examples comparing some of the
elements of tolerable and design standards for the rural state primary and secondary
and county primary systems are indicated in Figures 8 and 9.

Construction cost data for the state highway system were based on statewide average
costs for various types of highway improvement. These costs were obtained through
the cooperation of the State Highway Department. The development of existing cost of
maintenance and the cost of adequate maintenance was also accomplished by this organ-
ization. Development of cost data for the county road and city street systems, however,
was indeed difficult. Cost records were virtually non-existent in many of the smaller
cities and most of the counties. It was necessary, therefore, to base most of these
costs upon estimation and expert judgment.

Because the inventory was to serve the multiple purpose of providing statistical in-
formation for other uses than a needs study, it was decided to place all of the informa-
tion on IBM punch cards. The punch cards also provided the most efficient and quick
means of analysis of the multitude of data necessary to process. Two cards were
punched for each highway section containing all pertinent road information. A card was
also punched for each bridge and railroad crossing located in the highway section. Ad-
ditional information which could not be taken by the inventory crews such as traffic
capacity, accident rate, and soil type was also determined and punched into the cards.

Work sheets for each section of road and the bridges and railroad crossings located
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in the section were tabulated as indicated in Figure 10. Existing deficiencies were in-
dicated on the work sheets as well as anticipated future deficiencies. The year of need-
ed improvement was determined and construction recommendations were made. The
cost of the improvement was then determined based on average construction costs.

Needs on the interstate system were not developed in this manner because the State
Highway Department had nearly 50 percent of the proposed interstate system in the
final stages of the preliminary design. Costs that were developed for rural and urban
portions of this work were used to determine the entire cost of the system.

Some of the needs on the urban state highways in the larger metropolitan areas were
developed on the basis of long-range city plans and recommendations given in several
of the recent comprehensive traffic surveys conducted in Indiana. The city planner
was found to be an essential individual in the determination of urban needs. His know-
ledge of urban growth in a particular community greatly influenced the determination
of arterial streets and the traffic flows on these streets. Therefore, long-range city
plans were used extensively in those cities where such information was developed.

County and City Highway Systems

It was impossible to inventory each mile of the 87,300 miles of county roads and
city streets because of time, financial and staff limitations. Furthermore, the avail-
able records of construction and plans for county road and city street improvements
were found to be inadequate. Usable cost information in most of the counties and small
and intermediate size cities was also difficult to locate. This very lack of information
indicates one of the major needs on the county and city road systems, although these
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needs cannot be directly evaluated in terms of dollars and cents.

To help solve the problem of lack of adequate data, it was decided to use any avail-
able information concerning the city and county systems which was accessible. Since
most of the county road and city street systems were not classified, the difficulty of
this problem was increased.

Therefore, the first step was to classify the 76,000 miles of county roads into pri-
mary, secondary, and local service systems. Data from recent road classification
studies that were performed in two Indiana counties and other road classification data
available from studies made elsewhere indicated that 13 percent of the total county mile-
age was located on the primary system and 12 percent was located on the secondary
system.

Various composite estimates of the dollar needs required on the primary, secondary
and local service systems were determined from the information available in these two
counties and from a study of county road needs in adjoining states as reported in their
recent needs studies.

To classify the 11,300 miles of city streets which were located on the arterial and
residential systems, the total mileage on these systems was determined from a sample
of cities of various population classes. From this study it was determined that an over-
all average of approximately 25 percent of the city street mileage was located on the
arterial system and the remaining 75 percent on the residential system. Composite
needs on these two systems were then determined from various engineering studies
made previously of several cities in Indiana and from recent needs studies performed
in adjacent states.

Construction of residential streets in new subdivision development in both the coun-
ties and cities was not considered as a highway need because laws in these govern-
mental units usually require that these roads and streets be constructed by the land de-
veloper or property owner to standards which met the minimum design requirements
for this study. Increased maintenance needs, however, were considered because of
the growth of mileage on these systems.

Although the county road and city street needs were determined from data which are
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-— 2% 200 . B
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. 22’ [ [ - B . e
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Figure 8. Tolerable standards. Figure 9. Standards for new construction.
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Figure 12. Estimated revenues and needs.

not as objective as that for the state high-
way systems, the needs were based on the best available information and are considered

to be realistic and adequate.

SUMMARY OF RESULTS
Description of Needs, Program Period, and Price Adjustment

Some of the preliminary tabulation of data revealed that the needs on the Indiana sys-
tem of highways would be great. Inadequate pavement and shoulder widths, inadequate
traffic capacity on the major systems, many narrow and overloaded bridges, and sev-
eral other types of functional and structural obsolescence were indicated. Most of this
preliminary data tentatively proved what had been known for many years—many inade-
quacies existed on the highway system and these deficiencies were great. Furthermore,
the needs that would accrue in the future years would create still greater problems.

The physical needs were divided into the conventional categories which had been
used in previous work: immediate needs, future needs, and maintenance needs. In-
cluded in the future needs were replacement and stop-gap improvements. Maintenance
needs also included the administration requirements.

A program period of 15 years was chosen for this study because of influence of the
1956 Federal Aid Highway Act and because it was thought that engineering and construc-
tion requirements could be effectively fulfilled during such a program period. A longer
or shorter program did not seem practical, and therefore, physical needs and costs
were not determined for other periods of time. The estimate of costs for improvements
were based on 1955 prices, and adjustments for future price trends were not attempted.

State System

With the exception of the toll road, very few miles of the proposed 1,100 miles of
interstate system in Indiana meet approved design standards. Nearly 932 miles of this
system must be relocated or rebuilt during the next 15 years. Four-lane divided con-
struction is needed on all rural highways, and in some of the urban areas six-lane free-
ways are required. According to data developed for this study a total expenditure of
$881 million will be required on this system. This cost has been revised to $1,058
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million by the recently completed Section 108(d) study.

Needs found on primary, secondary, and urban systems were also great. On the
rural systems over 30 percent of the existing mileage is in immediate need of improve-
ment. During the next 15 years an additional 65 percent of the mileage will become in-
adequate. The complex problem of the urban state highways must be handled boldly
and decisively since the present needs are critical. Congestion and delay are becoming
more prevalent. During the next 15 years over 200 miles of bypasses will be required
around urban areas. Expressway systems are also needed in the large cities of the
state.

The total cost of the construction work necessary to eliminate theimmediate andfuture
needs on the rural and urban systems is $1,781 million. Additional funds that are re-
quired for the maintenance needs amount to $354 million.

County System

As would be expected, the greatest needs on a cost per mile basis occurred on the
primary and secondary systems. Generally, these roads carry traffic volumes be-
tween 100 and 1,000 vehicles per day and are composed of farm-to-market and other
important county traffic flows. The local service system consists mainly of farm ac-
cess and residential access roads with the origin-destination of traffic being primarily
of short, local trips.

In order to eliminate the present and future needs over the next 15 years construc-
tion expenditures of $372 million on the primary and secondary systems and $161 mil-
lion on the local service system are required. An additional expenditure of $458 mil-
lion is required for maintenance on all systems.

City System

The needs on the urban state highways are not included in this discussion, since they
have been reviewed earlier on the state highway system. During the next 15 years, it
is estimated that nearly 38 percent of the mileage on the arterial system and 59 percent
of the mileage on the residential system must be resurfaced or reconstructed. Nearly
$237 million is required for construction on the arterial streets and $207 million is
required for construction of the residential streets to eliminate present and future
needs. Maintenance will require an additional expenditure of $206 million during the
15-year period.

A summary of the average annual expenditures estimated for the state, county, and
city systems for a 15-year program is presented in Figure 11. The costs for the inter-
state system have been separated from the costs of the other state systems because of
its uniqueness and high cost of construction. As can be seen from the chart, the aver-
age annual cost for a 15-year program to eliminate the needs on the state rural and ur-
ban systems is $156 million; the interstate system, $85 million; the county system,
$66 million; and the city street system, $43 million. The total estimated average an-
nual expenditure required for all systems for 15 years is $350 million.

NEEDS VERSUS FINANCES

Indiana obtains revenue for construction, maintenance, and administration of its
highway system primarily from motor fuel taxes, license and registration fees, local
county or city funds, and federal aid. In 1955 a total of $108 million was available
from these sources. With the passage of the Federal Aid Revenue Act of 1956 and a
recent two-cent increase in state motor fuel taxes, a significant change has occurred
in the availability of highway funds in Indiana. Estimates of revenues during the next
15 years have been developed from present growth trends and revenue policies are
shown in Figure 12. The annual highway income is estimated to reach a peak of $28
million by 1967, and will be reduced to $25 million by 1971 because of reduction in
federal aid due to the completion of the interstate system.

Superimposed on the estimated income curve is a suggested curve that indicates the
annual expenditures required to eliminate the needs. This curve is derived by assuming
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that the average yearly income to eliminate the needs minus federal aid will be attained
in the middle of the fiscal year 1964 (¥%; of total 15-year program). The annual state
revenue is then assumed to increase at a rate of $12 million a year from this point
until the end of the fiscal year 1971, and decrease at a rate of $12 million a year from
this point until the beginning of the fiscal year 1957. The upper curve is finally ob-
tained by adding the anticipated federal aid during this program period to the required
state revenues necessary to eliminate the needs.

It is obvious from Figure 12 that the required needs will not be satisfied by the an-
ticipated funds. An additional 1,5 billion will be required over and above that which
can be provided by present sources of revenue. Either new sources of revenue will be
required or increases in old sources will be needed to fill the gap between needs and
available finances.

CONCLUSIONS

The concepts and procedures that were used on the needs study along with some of
the results have been presented. It is difficult to determine the total impact of an ade-
quate highway system on the general economy of the state but many benefits to the high-
way user and non-highway user will result.

Although not mentioned specifically in this paper, careful consideration was given
to those needs which could not be measured on a monetary basis. Improved traffic op-
erations through effective traffic engineering, wise and efficient use of off-street park-
ing facilities, classification of roads and streets, improved cost accounting, the supply
of engineer and technicians, road classification and a number of other problems were
evaluated as to the effect on the total needs problem. Having adequate funds and ade-
quate planning to eliminate highway deficiencies is not enough to do a complete job;
consideration and solutions to other problems must also be attained.
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Analysis of County Road Management Functions

JOHN B. BENSON, JR., President
National Association of County Engineers

@ THE PURPOSE of a highway needs study is to produce an advance highway and
street improvement plan for a road jurisdiction. This advance plan becomes a man-
agement device to finance, arrange and finally build highway improvements. It is ad-
visable in making a needs study to also appraise highway management and determine
its ability to use this important planning tool.

Highway needs are determined by comparing each existing road with a proper stand-
are or guide. This establishes the ability of each road to provide desirable road ser-
vice for present and future travel. The ability of the road to perform a definite task is
measured. Highway management, likewise, should not be taken for granted but also
compared to a standard so its needs can be clearly seen. Present deficiencies and
those occurring from an expanded improvement program would establish needs.

Since an advance highway plan includes maintenance and replacement needs, in ad-
dition to improvement needs, management functions, other than planning and construc-
tion are involved. All highway functions are involved in the total program and so the
total management operation must be appraised.

States are composed of many counties and each county functions as a separate road
agency. Statewide needs studies are usually developed in such manner that individual
advance programs can be set up for each county. The basic data enables counties to
prepare fiscal plans to conduct sound programs.

However, to obtain all possible benefits from a needs study, each county must have
the advantage of competent management. Study and appraisal of existing county road
management is needed so deficiencies can be isolated and corrections suggested. In
the course of a statewide needs study a general knowledge of the counties' management
abilities can be obtained; however, in a statewide study a detailed study and evaluation
of each county is not practical.

A guide is needed as an ideal management plan which by simple comparison can be
used for this purpose.

The National Association of County Engineers, with the aid of the Automotive Safety
Foundation and the Bureau of Public Roads, is embarked on a research program to de-
termine, describe and define this ideal county road management plan. Drawing upon
some of the developments of this research program, it is found that good management
is the sum total of the proper actions which need to be taken to build and maintain a
system of county roads.

Before a process of evaluating county road management can be developed, it is
first necessary to define what it is, and to break this management down into its com-
ponents for careful scrutiny.

Just what is county road management? Nationwide it follows no consistent pattern.
In all of those states with county road responsibilities, there is an elected board of of-
ficials representing the people and which is charged with this road responsibility. In
some states the elected boards are required to avail themselves of the services of a
qualified, full-time engineer who shares this road responsibility. In other states, the
employment of an engineer is permissive, but not mandatory. Still other states pro-
vide for the employment of a practical road superintendent rather than an engineer.
Some states still allow the elected officials personally to direct road activities.

With all of these types of road management, only a wide range of results could be
expected. But where administrative officers are trained and experienced, better oper-
ational methods have been found and improved. This is why the engineer-board type of
management has generally demonstrated the greatest efficiency, and therefore the best
results. This is not universally so for reasons which will be mentioned later.

The legislative intent in establishing the engineer-board form of management plan is
to provide an elected board of laymen who shape road policy for the entire county. It
also provides (in some states) a qualified engineer to bring modern road knowledge to
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the county level, with specialized skills to plan and direct county activities on a county-
wide basis. This, in effect, places road authority and responsibilities with a manage-
ment team, and provides the framework for bridging that vast gap between lay policy
and technical execution.

Where this type of management has existed for a period of years, continued day by
day operations have developed a pattern of actions necessary to accomplish the desired
purposes. Ordinarily, the realm of proper relationships between the board and the en-
gineer has developedin such manner thata hormonious atmosphere of teamwork prevails.

These management actions are basic regardless of the size or location of a county.
It is obvious, however, that these actions must be taken in proportion to the need in a
given county. Omissions can only result in less successful operation. The basic ac-
tions can be listed under nine definite functional titles as follows:

1. Office. 6. Construction.
2. Personnel. 7. Relations.

3. Information. 8. Research.

4, Programs. 9. Maintenance.
5. Plans.

Under each of these titles can be listed the detailed activities which take place, to
greater or lesser extent, in a county road operation. When this is done, a total picture
of county road management emerges, as shown in Figure 1.

The extent to which these detailed actions are carried out depends on the work load
of the county and the amount of road responsibility involved. The listing on this figure
may be incomplete; additional activities may be added, but the ones tabulated here are
basic.

The completed list provides each county board and engineer with a means of self-
appraisal for operations. Importantly, this tabulation can guide the management team
in determining if all the necessary activities are being done in the county for which the
team is responsible and if proper relationships exist.

A worthwhile by-product of such a chart is that it points up graphically the extensive

Organization Standards

COUNTY ROAD MANAGEMENT

actions to build and maintain roads

INFORMATION

To Eoch Other
To Employees
To Public
To Groups

PROGRAMS

inventory
Classification
Improvement Needs

L R Program

S.R Program

Surveys
Right of Way
Design

Construction Plans

Direction Cost Records

Accounting Reporting

Budgets Operation

Purchasing Results
|_ResearcH |

ACTIONS OF MANAGEMENT

Selection Existing

Training Needed

Direction Apphication

Compensation to Operations

Specifications
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Material Control
Supervision

Payment

RELATIONS

To Highway Dept
To B.P.R

To Municipalities
To Associations

Figure 1.
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duties of a county board. Relatively few citizens really understand how a county board
operates, or the many actions it must take and decisions it must reach, to provide a
system of roads worthy of description. Certainly, the magnitude of the county board's
task is portrayed in this chart. In like manner, the chart conveys information on the
many and varied duties of the engineer. To both his board and the public, it brings
out that, in addition to using his engineering skill to build roads, his knowledge also
is valuable in furnishing factual information about roads. This information provides
the board with data on which to base policy decisions.

Each action can now be briefly defined.

Office. The county road office is the seat of management. It provides housing for
records and the space to carry out its activities. The staff size and work load will
vary with the size and road responsibility of each respective county. A few of the prin-
cipal duties carried out under office functions are organization, direction, accounting,
budget, and purchasing.

Personnel. Daily activities of construction and maintenance on a county road sys-
tem require many different kinds of road equipment and employment of persons with
many skills. These activities include selection, training, direction, and compensation.

Information. Roads are of general interest, because they affect all citizens. Each
county can achieve best results by providing information designed to correctly inform
its employees and the public on road policies, needs, programs and benefits. A method
of communication to provide this information flow is necessary. Information activities
include to each other (between board and engineer); to employees; to public; and to
groups.

Programs. Programing is the advance determination of needs and the orderly
arrangement of the needs into plans of action. Programing activities include inven-
tory, classification, improvement needs, long-range program, and short-range or
annual programs.

Plans. Once specific projects are scheduled for improvement, plans and detailed
cost estimates are necessary. Under plans are included surveys, design, right-of-way,
and construction plans.

Construction. This is the building of the improvements as detailed by the plans,
and brought to realization by the actual work, which includes specifications, contracts,
material control, supervision, and payment.

Relations. Within a state, several governmental road agencies have jurisdiction
over roads and streets. However, these agencies—state, county and municipal—all
are engaged in building a transportation system. In this endeavor there must exist
some coordination between all agencies—a working intergovernmental relationship.
Necessary relations include those to the state highway department, to the Bureau of
Public Roads, to the municipality and to associations.

Research. Research is the investigation and determination of better methods to
build and maintain roads. County roads have problems which, generally, differ from
those of the state or municipalities. Research should be directed to problems found in
three basic areas: existing, needed, and application. For example, all counties should
have the research results which now are known, and areas where further research is
needed should be defined.

Maintenance. Maintenance is the work COUNTY BOARD ENGINEER
performed to perpetuate a road or struc-
ture in good condition and keep traffic T, o
moving. The everyday tasks such as e
mowing, and smoothing or repairing road COUNTY ROAD MANAGEMENT
surfaces, are called routine maintenance. Actions fo Build ond Maintain Roods
Reconstruction or improvement of exist-

ing roads is called improvements or spec-
ial maintenance. Division of maintenance
into routine and improvements allows

costs to be segregated, giving facts for ACTIONS OF MANAGEMENT
planning and control of operations. The

five principal maintenance activities are Figure 2,
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standards, cost records, reporting, operations, and appraisal of results.

Several times thus far the management team, defined as comprising the county
board and the county engineer, has been mentioned. It has been observed that where
harmonious relations exist the best results emerge. Where harmony does not exist,
generally poor results are the case. Basically, the county board and the engineer are
mutually concerned in all of these actions that have been described, and the proper
contribution of each is needed for successful management.

The board, representing the citizens, is vested with legal authority and responsi-
bility for the road system. The engineer's professional training and experience bring
technical knowledge of roads to the county (see Fig. 2).

Some of the broad duties of the board and the engineer are as follows:

County Board Engineer

Makes decisions (policy) on actions of Carries out decisions (policy) of board
management Gathers, prepares and explains factual

Uses facts to make decisions data

Refers decisions (policy) to engineer Uses technical skill to build and maintain
for execution roads

Sees that decisions (policy) are car- Appraises results
ried out

Appraises results

The respective interest of the board and engineer in the details of operation can be
illustrated by the following outline covering five of the nine actions of management.

OFFICE OPERATIONS FUNCTION

County Board Engineer

Establishes office—size, location Directs activities and personnel

Approves accounting procedure Prepares, presents accounting procedures
Adjusts and approves annual budget Prepares, presents annual budget
Provides funds for budget Directs total operation within budget
Establishes purchasing procedure Directs purchases under procedure

PERSONNEL FUNCTION

County Board Engineer

Decides a method of selection Provides information on employees
Sstablishes pay schedules Methods of reporting

Provides a method of payment Methods of training

INFORMATION FUNCTION

County Board Engineer
Informs public of road problems Informs board of road problems
Learns public reaction to policies Informs employees of road plans

Decides how to release road information Arranges news material about roads

PROGRAM PLANNING FUNCTION

County Board Engineer

Approves and adopts classification plan Suggests classification plan

Studies improvement needs appraisal Determines improvement needs

Adopts a long-range improvement plan Prepares long-range improvement plan

Adopts a short-range improvement plan Prepares short-range improvement plan
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CONSTRUCTION FUNCTION

County Board Engineer

Decides how to do work Prepares plans

Awards contract Prepares estimates
Approves final work Supervises construction

To evaluate any county operation, two separate operations are necessary.

First, the nine actions of management may be judged individually, and a rating system
may be devised to reflect the efficiency of each action. The relative importance of
each action may vary from state to state, so no effort at numerical weighting will be
made here. Second, a value must be derived, separate and apart from operational
efficiency, to determine if the board has delegated authority to the engineer on manage-
ment functions. For example, if maintenance responsibility is assumed by the elected
board members, coordination and proper planning of operations is almost impossible.
In this instance, the county performance would be reflected in comparison with a county
where the engineer is in charge of maintenance and uses his knowledge and skill to plan
and direct maintenance activities.

Where authority is delegated, it is also necessary to determine how well this au-
thority is executed. If maintenance operations are an engineer's responsibility, are
his operations well planned? Are the maintenance forces organized and directed and
are the desired results obtained?

The estimated cost of an advance highway program resulting from a needs study, is
predicated upon management ability to efficiently place the plan in operation. Poor
management will result in increased costs and a disrupted schedule of improvements.
Analysis of county road management is necessary so its weakness can be discovered
and strengthened and programs accomplished on schedule and with minimum costs.

The method just outlined of analyzing county road management functions will provide
factual information about management. Its use will permit pinpointing management
deficiencies. The continuing research plan now underway will provide additional in-
formation on county road management and thus allow further refinement of appraisal
techniques. The self-appraisal feature, providing encouragement and direction to in-
dividual county analysis, will be strengthened. When county road management has
been appraised and strengthened, future needs studies can be made more readily and a
continuous needs inventory can be maintained. Management then can schedule improve-
ments at reasonable costs.



Traffic Growth Patterns on Rural Highways

THEODORE F. MORF, Engineer of Research and Planning, and
FRANK V. HOUSKA, Assistant Engineer of Research and Planning
Illinois Division of Highways

In the review of travel forecasts presented at the 36th Annual Meet-
ing it was found that in about two-thirds of the cases investigated the
actual increases in traffic were at rates more than two times greater
than had been predicted. This poor record was due largely to gross
misinterpretation of past trends.

This paper takes another look at past traffic trends, especially
those on rural highways, interpreting them and using them as a
guide in forecasting traffic. It reports the results of a study of fac-
tors affecting the variation of traffic increase rates on rural high-
ways. Proximity to an urban place is an important factor that pro-
duces the highest increase rates and also the most erratic. Since
traffic increase rates in and near urban places are so greatly affected
by the expansion of the urban area, the data from such areas were ex-
cluded from this study. Forecasting of traffic increases in those
areas are being studied from a land use basis.

For the rural highways located beyond the direct urban influence,
the type of traffic service was found to be the factor influencing the
variation in increase rates. Those roads carrying the greatest per-
centage of interurban and interregional traffic had the greatest in-
creases.

Increase trends were summarized in four categories in descending
order of traffic increase rates. At the top with the greatest increase
were the interstate highways carrying the largest percentage of inter-
urban and interregional traffic. At the bottom with the least increase
were the roads carrying mainly rural to rural, and rural to urban
traffic. Between these two extremes were two increase categories
carrying intermediate volumes of interurban and interregional traffic.
The rates of increase projected 20 years ranged from 210 percent
for the interstate system down to 50 percent for the roads carrying
mostly local rural traffic.

Increase rates on secondary roads seemed to coincide with the
degree of improvement in the surface. When the improvement was
from plain gravel to a bituminous surface the increase in 10 years
averaged 200 percent. An improvement that bettered but did not
change the surface type brought an average of 80 percent increase
in 10 years. Roads on which the surface type and condition were
merely maintained had an average increase of only 50 percent in 10
years.

@ THAT A further study is needed of trends of traffic and of all of its components is
evident in the review of travel forecasts reported in a paper presented at the 36th An-
nual Meeting. In that review it was found that in about two-thirds of the cases investi-
gated, the actual increases were at rates more than two times greater than had been
pradicted.

As the title of this paper indicates it deals with traffic growth on rural highways but
by way of introduction mention is made of similar treatment being given urban places
in comparatively numerous papers. The tremendous concentration of population and
traffic in urban areas poses the greatest problems and also provides a large field for
the development and application of usually involved techniques. The work being done
in the Chicago Area Transportation Study is an example of what is being done in Illinois
with respect to urban places. However, this paper reports the results of a study of
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past trends covering the various rural conditions encountered. These past trends were
plotted and simply projected visually. The difficult part of the study was in determin-
ing the variables that caused the differences in the rates of traffic increases on the dif-
ferent road systems and on different roads within each system.

The Problem

Interest in past trends is mainly in the fact that they may reflect what the future
might be. Future traffic estimates are essential for the intelligent planning and design
of highway improvements. The rural primary system has about 10,000 miles and the
rural secondary highway system about 20,000 miles in Illinois.

For the rural primary highways traffic estimates are needed as at present, at 10
years, and at 20 years. This information is needed first for long-range planning and
later for design purposes. For secondary roads only the 10-year projection is usually
needed.

The latest available traffic volume figure is usually the beginning point from which
traffic is projected on existing roads. For new roads and for existing roads where im-
provements are of such magnitude as to divert traffic from other alternate routes, the
amount of diversion that would take place in the current year is estimated and included
in the basic figure which is to be projected. The techniques by which these traffic vol-
umes are determined and the technique by which the amount of diversion is estimated
have been previously reported in other papers and are therefore not included here.

For design purposes traffic volumes must be expressed as design hour volumes and
the volume or percent of truck traffic in the design hour volume. The 30th maximum
traffic hour is usually accepted as the design hour volume.

The relation of the design hour volume to ADT varies considerably on rural high-
ways. It is as low as 10 percent and as high as 30 percent in extreme cases. The
higher percentage occurs on roads leading to large recreational areas and the lower
figure occurs on highways passing through built-up areas. This percentage runs as
low as 8 percent on some urban arterial streets and expressways.

The directional movement must also be estimated and this is expressed as a per-
centage that the major directional movement is of the total design hour volume. This
percentage varies from 50 percent to 80 percent, the larger percentage occurring on
roads leading to recreational areas and to large industrial areas. On the typical rural
primary highway the major directional movement is usually 60 percent of the total de-
sign hour volume.

Truck traffic on rural primary highways is increasing at a faster rate than passen-
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ger car traffic. While truck traffic was

100 only 14 percent of total traffic in 1932, it
was 15. 8 percent in 1936, 17. 2 percent in
1941 and had reached 20 percent in 1956.

75 This trend has been interpreted and pro-

jected and it is estimated to be 22 percent
by 1975.

It is generally conceded that a new or
L FIRST___] L _ | improved highway facility will generate
STAGE STAGE trips that otherwise would not have oc-
curred on the original network of highways.
From the rather meager information that
is available the chart shown in Figure 2

MAGNITUDE
[14
©

[\
(]

INTERMEDIATE was developed for estimating the generated
" STAGE ™ traffic. Assuming that there is a traffic
demand for each new or improved facility,
Y it is believed generated traffic is propor-
TIME tional to the degree of improvement as
Figure 3. General growth concept. shown here. This chart is being used un-

til something better can be developed by
further research on generated traffic.

General Trends and Projections

General trends were studied and projections were made first before any attempt was
made to break down trends by systems and by routes. The estimates of the amount of
all travel were made by projecting component trends namely populations, persons per
vehicle, and miles per vehicle.

According to the general growth concept, a slow but constantly accelerating rate in
the early years is followed by a period of rapid and steady growth, then a decelerating
rate until the curve continues on a very minimum growth rate when a saturation point
is reached.

The length of time required to pass through each of these periods varies consider-
ably for different things, in fact it varies even in the components from which the amount
of travel is derived. The length of time required for population is much longer, per-
haps hundreds of years, while the length of time for other components, person per ve-
hicle and miles per vehicle will apparently be much shorter.

The population of Illinois apparently has been and still is in the middle stage of rapid
and steady growth. The miles per vehicle show signs of having reached a point near
the end of the last stage as there has been no appreciable increase since 1941.

One of the principal component forces affecting the trend of many other components
including traffic is population. It is a factor for which good information is more read-
ily available over a long period of time.

For Illinois the population increases have been quite uniform for a long time. If the
population of 1850 had been projected at a rate of increase of 800,000 in each decade
tae estimate would have been very accurate to and including the last census taken in
1950. The actual population has deviated from such a projection only slightly, some-
times being above and sometimes below. The indications are that the 1960 population
will be slightly above such a projection.

This historical background leads to the belief that for Illinois the population projec-
tion should not deviate much from a straight line, but because of the apparent upward
sweep of the population curve in the last 20 years the Bureau of Census population es-
timates were used without change. These give a slight upward sweep to the projected
trend curve for the next 25 years. This is looked upon as only a short term deviation
from the long-range trend and it is estimated that Illinois is still in the intermediate
stage of population growth. Population is the first of several component trends that
were used to develop the vehicle miles of travel.

A second component is the persons per vehicle or it could be expressed directly as
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number of vehicles. For this and the oth- Figure 5. Persons per vehicle in I1linois.
er components there is available a rela-

tively short period of historical background. This component is evidently still in an
early stage of development and when expressed as number of vehicles registered the
trend would be showing an upward sweep of the curve.

A third component is gallons of gasoline or vehicle miles per vehicle. In a relative-
ly short period of time this component has evidently passed through all three stages
and has seemingly reached a point of stability for the last several years. On this basis
this component is projected horizontally on a straight line without change.

Having developed these components separately by projecting past trends a projection
for vehicle mile of travel can be developed by starting with population, dividing by num-
ber of persons per vehicle to obtain number of vehicles, and finally multiplying by the
vehicle miles per vehicle to arrive at the vehicle miles of travel.

These general trends are shown as a part of this paper to give background to the

85 study and trends on rural highways. While
2|  the general trends were projected by what
50— —1 —t—11 — p is generally termed an analytical method,
K4 the projection for rural roads were de-

P rived by simply projecting past trends of
4 traffic directly.

» r | Before describing the analysis that was
| | | made of past trends on rural highways, it

' g should be noted that there was no indication
~—THISTORICAL —#~ —+-PREDICTED ~|  in the longer term trends that rural traffic

i i was increasing at an accelerating rate, or
w 1 ——t+ { that the rate of increase was compounded

/
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H
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periodically. Such a condition would have
produced a trend curve with an upward
sweep.

The voluminous historical record that
was available on traffic volumes on rural
highways in Illinois indicated the great in-
§ creases that have taken place but if the
2 dips caused by the depression of the early

YEAR 30's, the World War II period and the im-
Figure 6. Vehicle miles of travel on all mediate post-war period, are discounted

roads and streets. as abnormal, the increases have been more
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nearly in a straight line. Since the purpose of this study was to obtain information on
future traffic estimates for design purposes rather than for revenue, the straight line
projection was preferred.

If the highway systems had been determined on the basis of type of traffic service
as has been done in some cases, it probably would have been possible to develop and
use one set of traffic increase factors for each system. Since the highway systems in
Illinois were not selected in that way the study indicated a very wide variation in in-
crease rate within each rural highway system. Therefore the use of an average rate
of increase for each system must be very limited. In general the primary system in-
creased at a slightly faster rate than the general increase, the secondary system in-
creased at a slightly greater rate than the general increase, and the local rural roads
had a lower rate of increase than the general increase.

Variation of Traffic Trends on Rural Primary Highways

The wide variations in traffic increases on the primary highways outside of the cor-
porate limits of cities indicated a need for the study to determine what circumstances
caused these differences. It has already been stated that this variation did not coincide
with highway systems. In the search for possible factors affecting the traffic increase
rate, the following were studied:

1. Geographic location There seemed to be little or no uniform-
2. Type and width of pavement ity in rates of increase on these factors
3. Proximity to urban area but it was very clear that the larger in-
4. Character of service creases were occurring in the areas im-
a. Interurban mediately surrounding the larger cities.
b. Interregional This is understandable when cognizance is
c. Rural to urban taken of the fact that all of the increase in
d. Rural to rural population in Illinois in the last 100 years

has been urban and that the rural popula-
t.on has remained nearly constant at about 2,000,000 since 1860.

It was quite evident that the trends in these areas close to urban centers were being
controlled by the expansion of the urban area. The increase was not only higher than
in rural areas but also varied over a wide range of values. It was plain to see that
some other method of attack would be necessary in developing either trends or future
traffic projections in urban areas so all of the information from such areas close to
cities was isolated and left out of any further analysis. A method of analysis involving
present and future land use is being developed for use in making predictions of traffic
in urban areas.

The data for the remaining rural areas away from urban influence was studied. A
comparison on geographic location showed only slightly greater increase in northern
than in southern Illinois. Type of pavement seemed to make no difference. Roads
with wider pavements did have the greater increases but it was plain to see that the
wider widths were the effect rather than the cause of the greater increase. Looking at
th:s now from hindsight, it may seem that this should have been obvious but neverthe-
less it seemed necessary to examine the data to see if the ease of travel provided by a
multiple lane highway as compared to a two lane highway would have an appreciable ef-
fect on the rate of traffic increase.

There was considerable data available on character of traffic service from the many
origin and destination studies, from the truck weight studies, and from traffic classi-
fication counts made in Illinois.

For this study the character of service was in four categories, interurban, inter-
regional, rural to urban, and rural to rural. The character of service was expressed
as a percentage of traffic in each category. Origin and destination data were not avail-
able at all of the 300 locations studied and reliance had to be placed in some cases on
other sources of information, usually classification counts. The volume or percent of
out of state vehicles at many of these locations denoting interregional character of serv-
ice was the determining factor in classifying a section of a highway.
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Figure 7. Traffic increase trends on rural primary highways from 1941 to 1956.

Projected Trends on Rural Primary Highways

In plotting of rates of traffic increase based on character of service, the highways
giving the greatest amount or percentage of interurban or interregional service had in
general the greatest increases. The interurban category did not include travel between
a metropolis and its suburbs because as explained previously these suburban areas
were not included in this study.

There was no well defined division in the plotted points between these four categories
and there was considerable overlapping. In some cases the overlapping was later found
to be due to misjudgment in classifying the character of service on inadequate informa-
tion. Much of the overlapping was probably due to localized influences which could not
be detected.

While in some cases a short-term trend seemed to indicate an upward sweep of the
increase curve, the long-term trend was definitely a straight line increase. To be of
practical use these trends were projected in straight lines as three separate primary
road use types according to character of service as shown in Figure 8.

The roads giving the greatest interurban and interregional service showing the great-
est increase fall in Type 3 at the top in Figure 8.

The roads carrying largely local traffic of rural to urban and rural to rural character
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had the least increase and fall in Type 1 at
the bottom in Figure 8. Roads giving a
moderate amount of interurban and inter-
regional service fall in Type 2. This set
of predictive curves or straight lines as
they turned out to be have been used in
predicting future traffic increases on rural
primary highways in Illinois, until 1957
when the interstate highway planning came
into the picture.

Revisions in this map are made period-
ically as new and better information be-

o comes available. A major revision was
1956 1960 1965 1970 1975 1980 necessary last year (1957) due to the acti-
YEAR vation of planning for the interstate sys-
Figure 8. Traffic type curves showing tem Of highways. The rate of traffic in-
predicted increase in motor vehicle trav-  crease on this system of highways is ex-
el in T1linois on rural primary highways. pected to be very high. The effect has
been that it adds a fourth increase curve
with a predicted increase greater than anything known before as shown in Figure 9.

The interstate system is to be built largely on new locations paralleling the present-
ly most important routes. Obviously the new route will draw much traffic from old ex-
isting route in each case and will usually relegate the old route to a class mainly serv-
ing local traffic. Where it was estimated that the existing route would have a high rate
of increase as in Type 3, the road will in most cases revert to a Type 1 with a rela-
rively small increase. Again it must be emphasized that this is true only on rural sec-
rions away from the influence of urban build up.

With the interstate system the primary road network increase in traffic in Illinois
is estimated to be as shown in Figure 10. All future traffic estimates on primary
roads outside the influence of urban places are being made accordingly.
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Traffic Increase Trends on Rural Secondary Roads

Traffic increase trends on rural secondary roads were also studied and again it was
necessary to exclude the data from locations near urban places because of the large
and erratic percentage increases obtained there. Because this deals with relatively
low volumes, the percentages of increases are scattered through an even wider range
than for primary roads.

The need for future traffic estimates was in cases where an improvement in a road
was being contemplated so the analysis was pointed at the problem of making such an
estimate. The varying rates of increase
that were obtained were summarized and
tae following were the conclusions: 150

1. When an improvement was from
plain gravel to bituminous surface the in-
crease in 10 years was 200 percent.

Much of this increase occurred immediate-
1y after the improvement, obviously being
due partly to traffic being diverted from
other routes. Since diverted traffic is a
component of the total traffic increase, it
is preferable to have origin and destina-
tion data for an estimation problem like
this but since that was not often practical 0 :

the 200 percert increase was used in most 1956 1960 1965 1970 1975 1980
cases. It should not be expected that an YEAR

increase of anywhere near that magnitude  pigure 9. Traffic type curves showing
would be obtained if the entire system in predicted increase in motor vehicle trav-
a given area were so improved. el in Tllinois on rural primary highways.
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2. When an improvement merely bettered the surface with a comparable type the
increase after 10 years was 80 percent. Again much of the increase occurred immed-
iately after improvement.

3. When the only improvement a road received was merely in the nature of main-
taining the present surface type and condition, the traffic increases were low corres-
ponding to Type 1 curve for the primary highways.

It should be noted that the percentages of increase as summarized above for the
secondary system included any traffic that might have been diverted to the road as a
result of the surface improvement. The summary indicates a direct relationship be-
tween the degree of improvement made and the percent of increase in traffic. In full
recognition of the possibility that this may be to a large degree an effect rather than
the cause, it has been assumed that traffic on secondary roads will increase as it has
in the past depending upon the degree of improvement.



Vehicle Delay at Signalized Intersections as a
Factor in Determining Urban Priorities
R.N. GRUNOW, Highway Engineer, Automotive Safety Foundation

One of the pertinent factors in rating urban sections on the state
highway systems in the Tennessee Planned Construction Program
Procedure is vehicle delay occasioned by traffic signals. The ob-
jective is to compare one urban section with another as to the av-
erage tota delay occasioned by the signals in 24 hours.

Based on data contained in the "Highway Capacity Manual, ' to-
gether with some reasonable assumptions, average seconds of de-
lay per vehicle were computed for an intersection operating at
possible capacity (by definition) and various percentages of opera-
tion above and below this capacity. A percentage distribution of
vehicles delayed less than one cycle, and those delayed one, two,
three, etc., full cycles was determined for each condition of op-
eration.

The average daily traffic is related to the geometrics of the
signalized intersection under study to determine the percentage of
practical capacity. Once this determination has been made, the
average delay for vehicles for the highest hour and each successive
hour in the day can be determined. The total delays for all signal-
ized intersections within the section under study are then totaled.
The average delay per mile for one route section can then be com-
pared with another for this particular factor in the total program
study.

@ AFTER THE comprehensive study of highway needs in Tennessee was completed in
November 1955, the Tennessee Department of Highways and Public Works decided to
put into operation the study's proposals relative to the state highway system. A coop-
erative research project was undertaken by the department and the Automotive Safety
Foundation first, to formulate an initial 5-year short-range program to remedy the
system's most critical deficiencies and, second, to formulate criteria, techniques,
and procedures necessary to establish a continuing construction program to meet future
deficiencies as they accrue.

The fundamentals of the Tennessee Planned Construction Program Procedure were
presented at the 36th Annual Meeting of the Highway Research Board. P.M. Donnell,
in his paper, tells of Tennessee's experience after this plan has been in operation.

Ratings for rural and urban type sections are made separately. The three basic
concepts of structural ability to support loads, traffic capacity to move the loads and
safety are retained in each case. The factors used in the determination of section rat-
ings vary slightly from rural to urban. The ability to move traffic on a rural section
is measured in terms of rapid travel by individual vehicles with a wide latitude in a
choice of speed. Satisfactory criteria have been developed and are available for this
phase. For urban section this choice of speed by individuals is influenced by a variety
of conditions superimposed upon one another such as traffic signals, speed zones,
parking and turning movements. Collectively then, the movement of traffic on urban
sections is dependent upon the degree of congestion or delay. Criteria were not avail-
able but had to be developed for this phase. This paper is confined to only one part of
the development of techniques to measure vehicle delays—those incurred at signalized
intersections.

A comparison of congestion on one urban section with another could be made in sev-
eral ways. One method that has been used with some success is the ""floating car."
Tests indicate that five to seven runs are necessary to obtain stability and they are
usually made in peak hours only. Tennessee has nearly 700 miles of urban extension
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on its state highway system to which the rating procedure will be confined. The use of
the ""floating car' method would be prohibitive in terms of cost and manpower and
would be confined to certain hours of the day. Several more runs would need to be
made to determine averages in the off-peak hours.

Tennessee chose to obtain comparisons of delay by an office procedure based upon
field notes. Factors influencing delays are traffic signals, speed zones, parking,
turns and railroad grade crossings. Traffic signal delay is the major factor in the
rating procedure and this paper is confined to the computation thereof.

The original intent was to obtain the signal timing for each signal by the field inven-
tory. At the same time a determination would be made if the signal was isolated, fixed
time, interconnected with some progression, traffic actuated and the presence of a
pedestrian interval. In the larger places some or all of this information would be ob-
tained from a responsible official, such as the traffic engineer.

Field trials definitely indicated that obtaining this data resulted in inaccuracies of
timing and determination of type of signal system and was a big deterrent to the pro-
gress of the inventory.

What is desired in this one phase of the study is a comparison of one urban section
with another of the vehicle delay occasioned by traffic signals. It was believed that the
objective could be reached by computation founded on some basic realistic assumptions.

The state has a measure of the ADT on all the urban extensions of the state highway
system and all the cross streets. A desirable signal timing could be computed for each
signalized intersection from the estimated traffic. A signal cycle of 60 seconds could
be assumed. The computation of average delay per vehicle proved to be more involved.

The only data readily available from which average delay time could be computed
were those given in the Highway Capacity Manual on pages 72 and 73. These are ex-
amples of the vehicles approaching, clearing, and accumulating, or backlog, at a sig-
nalized intersection operating at possible and practical capacities by definition. The
data are based on a 60-second cycle (60 percent green, 33 percent red and 7 percent
amber) for a complete hour's operation.

The operation at possible capacity was used as the base. A distribution of the ve-
hicles approaching was made for each cycle of operation to determine the number and
percent that (a) cleared the signal on the approach, (b) were delayed 1, 2, 3 and etc.
full cycles. The method is illustrated in Figure 1. This illustrates the definition of
possible capacity of an intersection approach. Under the operating conditions, 720 ve-
hicles approached and 720 were discharged—the maximum number that could be accom-
modated. There was a continual backlog and only a few vehicles had to wait as many
as six cycles. For each cycle, the horizontal summary of the number of vehicles
equals those that approached; the vertical summary equals those discharged; and the
sum of all the vehicles to the right of the delay line equals the backlog. Similar dis-
tributions were made for seven other conditions when the intersection was assumed to
be operating a percentage above or below possible capacity. For example, at 80 per-
cent possible capacity (practical capacity), 80 percent of the approach vehicles (includ-
ing beginning backlog) were used. The vehicles discharged did not exceed the maximum
that were discharged at possible capacity for the given cycle of operation. A total dis-
tribution of the vehicles by cycles of delay was then computed for each percent of in-
tersection operation above or below possible capacity. A conversion to practical capa-
city as the base (practical capacity = 100 percent) was made to conform with other
standards in the Tennessee study.

A measure of average delay per vehicle was then computed after several false starts
and with some assumptions, It was assumed the vehicles approached uniformly spaced.
The time of entering the cycle was assumed mid-way of the interval (I), the interval
being the cycle length divided by the average number of vehicles discharged per cycle.
In the case of operation at possible capacity, 720 vehicles entered and departed the in-
tersection within one hour or an average of 12 per 60-second cycle operation. The "I"
for this condition is five seconds. Similar intervals were computed for four other con-
ditions of intersection operation with a 60-second cycle and 60 percent green time,
namely 100 percent, 75 percent, 50 percent and 25 percent of practical capacity. An
acceleration time of 2. 5 seconds per average vehicle was assumed. Figure 2 illustrates
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the method. Vehicles delayed more than
one cycle would experience the less-than-
one-cycle delay plus 1, 2, 3, etc., full
cycles of 60 seconds. Separate compu-
tations were made for assumed distribu-
tion of ''green time" within the cycle,
these being for 65, 60, 55, 45, 35 and 25
percent green time of the 60-second cy-
cle. Average seconds delay per vehicle
for percent of green time other than for
those computed can be estimated from
Figure 3.

In order that the information may be
readily usable, it was summarized in a
graph. Some eight points ranging from
25 to 150 percent capacity operation were
computed and connected by a curve.
Separate curves resulted for each dis-
tribution of 65, 60, 55, 45, 35 and 25
percent green time of the 60-second cy-
cle.

Those of 25 percent and 65 percent
"green time' are shown in Figure 4.

The application to known basic data
involved additional computations. The
length of time an intersection operates

10 i2 14 16 18 20

AVERAGE SECONDS DELAY

Figure 3. Average seconds delay per vehicle for vehicles with less than
one full cycle delay.
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Figure 4. Average minutes delay per vehicle for intersections operating at
various percentages of practical capacity.

at a percent of capacity had to be determined. Intersections do not operate at the same
capacity for 24 hours or even for one hour in most cases. However, one hour interval
is normally the basic unit for expressing capacities.

Tennessee has several permanent hourly traffic recorders located throughout the
state in cities of all sizes of population. Yearly patterns of traffic distribution could be
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combined and summarized into four popu-
lation groups of under 5,000; 5,000-25,000; °
25,000-100,000; and over 100,000. The
relationship between the higher hourly
flows and the average daily traffic for the
population group "over 100,000" is shown
in Fig'ure S. ' 100 200 300 400 500

If it was known for any given hour in NUMBER OF HOURS IN ONE YEAR WITH TRAFFIC VOLUME GREATER THAN
the yearly traffic pattern at what capacity . THAT S .
the street was operating, then the seconds  Figure 5. Tennessee urban population
of delay per vehicle could be computed group over 100,000.
for that hour. Similarly, all other hours in the pattern could then be computed as a
percentage above or below the known hour's operation. Any hour in the yearly pattern
could be selected and the computation made on the basis that the selected hour operated
at several percentages of capacity. The computation time for this procedure is pro-
hibitive without the aid of some high speed electronic computer. This piece of equip-
ment was available in Tennessee. The 300th hour was selected as the assumed condi-
tion although any hour could have been chosen. The 300th hour is well within that por-
tion of the curve in Figure 5 where the change of slope is more uniform; there are only
299 hours in the year operating above this hour; values for all hours as interpreted
from Figure 4 would be in the middle portions and more discernible; and the resulting
Table 1 would not be more extensive than it is.

The 300th hour was assumed to be operating at increments of 5 percent capacity for
the range from 20 percent through 150 percent. Computations were made for each of
the 5 percent increments for each of the five percentages of green signal time and each
of the four population groups. The result is shown in Table 1.

The geometrics for any urban street section are determined from the field inventory
notes. They are then translated into hourly capacities through the use of a series of
tables included in the manual of procedure. The capacity tables as developed, included
such factors as: type of area, distribution and composition of traffic, type of street
operation, parking, amount of green signal time, width of street, and turning move-
ments.

As Tennessee has the ADT on each section of urban extensions of the state highway

TABLE 1 system, and the relationship of any hour's

WEIGHTED AVERAGE SECONDS OF DELAY PER operation by population groups to the ADT,

VEHICLE OF ADT OCCURRING AT TRAFFIC SIGNALS the 300th hour can be expressed in volume.
With the known volume and capacity, the
percent of operation in terms of capacity

PERCENT OF ADT

Percent Capacity Over 100,000 Population

P t G
300th Hour » ssem“ 4;““ . o can be computed. From Table 1 the av-
erage seconds of delay per vehicle can be

20 15.12 11.52 8.22 552  3.06 . .
25 15.17 11.55 8.25 5.53 8. 06 determined and apphed to the ADT. The
30 15.26  11.62  8.32  5.55  3.06 signal delay is then combined with delays
35 15, 39 11,72 8.42 5,58 3.06 :
40 15.53 11.84 8.53 5.63  3.08 computed for speed zones, turns, parking,
45 1571 12,02 8.68 5.74 3.19 i i i
50 15,95 12,26 8.88 591  3.38 a.nd rallroaq grade Crossings to obtain a
55 16.28 12.50 9.20 6.17  3.69 time delay index expressed in seconds of
60 16.73 13.04 9.66 6.5 4.15 delay per mile.
65 17.30 13,62 10.27 7.10 4.75 . . .
70 18.05 14.39 11.08 17.85  5.53 The method herein described is only
75 19.03 1536 12.13  8.83  6.52 a part of the total Planned Construction
80 20.28 16.59 13.44 10.10 T.77 .
85 21.85 18.17 15.11 1174 9.39 Program Procedure successfully in use
90 23.85 20.19 17.21 13.81 11 44 in . i
95 26,49 22.83 19.92 16.52 14.11 Ten.negsee The m.ethod is based upon
100 29.98 26.30 23.40 20.05 17.57 very limited data but is workable and af-
105 34.6¢  30.05 28.02 24.74 22.17 fords a comparison of signal delay occa-
110 40.75 37.04 34.10 30.89 28,23 . > A
115 48.87 45.14 42.19 39.03 36,20  Sion on one urban state highway with an-
120 59.31 56.57 52.60 49.47 46.66  other. It must be remembered that the
125 72.61 66.88 65,91 62.81 59.92 . s
130 88.98 85.25 82.28 .23 76.26  construction program procedure is in
135 108.94 105.20 102.24 99.24 96.17 use and at the same time it is in the re-
140 132,60 128,84 125.82 122,92 119.75
145 159.35 155.59 152.44 149.65 146.46  Search stages. The methods employed

150 188.88 185.12 181.83 179.14 175.95  had to be invented as there were no prec-
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edents in most cases. Certainly as the work progresses in Tennessee, improvements
toward accuracy and simplification of method will be forthcoming. It is earnestly
hoped the other states will employ similar methods or devise new ones which will im-
prove procedures to attain the ultimate objective of a workable and usable planned con-
struction program.

Considerable time and effort weregiven towardthe development of this phase by the
personnel of the Tennessee Highway Planning Survey Division, O.K. Normann of the
Bureau of Public Roads, and C. F. McCormack and R. H. Winslow of the Automotive
Safety Foundation. This cooperation is sincerely appreciated.



Tennessee’s Programing Study: First Year’s
Experience and Techniques for Updating

PHILIP M. DONNELL, Engineer Director
Highway Planning Survey Division, Tennessee Department of Highways

@ IN 1956 the Tennessee Department of Highways completed drawing up a 5-year pro-
gram aimed at correcting the most serious deficiencies on the state highway system.
This program worked so well during the past year that the Department now has formu-
lated the techniques and procedures for perpetuating the program and for always keep-
ing it abreast of current demands and conditions in the future.

The criteria and methods used in determining deficiencies and priorities and in or-
ganizing the selected projects into the original 5-year program were described at the
36th Annual Meeting. The present paper is a sequel to that presentation. It reports
the success that attended the first year's operation of the program; it attempts to ex-
plain why the operation has been so successful; and it goes on to describe how this ex-
perience has been utilized in devising a continuing process of record keeping, appraisal
and programing by which the long-range development of the state highway system can
be guided and achieved in an orderly and rational manner.

THE FIVE-YEAR PROGRAM EXPERIENCE

The adoption of the initial 5-year program marked an important milestone in the
management of Tennessee's state highway system. Although it did not change the ob-
jective of highway administration—that has always been the steady improvement of the
state's basic network—it did provide for the first time a consistent and technically
sound method for deciding how improvement could best proceed.

That by itself was a significant step toward more efficient highway management, but
it was only a first step. The really decisive achievement is that this program based
on a thorough engineering analysis of the facts not only was adopted by the Department,
but has been generally accepted by Tennessee people and their legislative representa-
tives as a fair and efficient method of planning highway development.

It is an axiom that free government depends on popular approval and that, if its op-
erations are to be successful and constructive, approval must be based on the intelli-
gent and enlightened self-interest of the people. The fundamental theory of such a gov-
ernment is that the people are wise, or at least that they are able to choose between
good and bad measures and methods. That ability is especially pertinent to the pro-
vision of public services like highways which are used by the whole population and which
are essential to the functioning of the community.

Every citizen is keenly interested in highways and demands for himself the fullest
possible benefit from their services. This interest and demand are by no means les-
sened by the fact that comparatively few individuals have any great knowledge of the
engineering and financial problems involved in developing and operating a highway sys-
tem. That is the reason that highway authorities usually are bombarded with constant
demands for road improvements that may or may not be justified by conditions.

Very frequently highway officials themselves lack established means for weighing
the relative merits of the demands and are forced to rely on their experience and judg-
ment for the purpose. Even when criteria have been developed and are used, they
sometimes are not of a character which is intelligible and convincing to the general
public and its spokesmen. As a result, capable engineers with sound plans find them-
selves without effective evidence to support their programs against the weight of earn-
est, sincere, but ill-informed pressures.

In undertaking the studies which produced Tennessee's short-range program, a
major purpose was to provide its highway authorities with a tool that would be useful
under such circumstances.

49



50

HOW THE PROGRAM WAS LAUNCHED

The 5-year program began to influence the Department's decisions and activities
before the program itself was either completed or formally adopted. The studies and
analyses involved in the program project were performed by engineers from the Auto-
motive Safety Foundation and the Tennessee Department of Highways. Engineers from
all divisions of the Highway Department took an active part and interest in the program-
ing work and were, therefore, completely familiar with the program when it had been
completed.

While the program was in its final stage, but clearly marked for adoption, there
were numerous inquiries as to how various projects were rated. The chief engineer
obtained an advance preliminary copy for use in programing work for current lettings.
The maintenance section found similar information useful to avoid planning heavy
maintenance operations on roads soon to be rebuilt. Many legislators came in to see
how their constituencies were affected,

When finally completed and adopted, the program was released and explained to the
press by the state highway commissioner, the chief engineer and other key officials.
Full information was given also to such interested organizations as the County Services
Association, the Municipal League, the County Judges Association, and the Tennessee
Road Builders.

The value the Department puts on the program is indicated by the fact that, although
it was not adopted until November 1956, the state construction schedule for 1957 in-
cludes most of the projects given a first priority rating by the program studies. Also
the coordination of location surveys, soil surveys, plans preparation and acquisition
of rights-of-way has been greatly improved by the top level approval and use of the
program. Contrary to the expectations of many, public acceptance of the program was
good and the opinion was generally expressed that a step had been taken in the right di-
rection.

REASONS FOR PUBLIC ACCEPTANCE

There are a number of solid reasons for the Department's confidence in the program,
for the respectful attention given it by press and public, and for the degree to which
they have accepted it as a trustworthy guide toward sound highway improvement. Adop-
tion of the programing method won approval throughout the Department because of the
general recognition of the need for such a method and because so many department en-
gineers knew, through participation, what painstaking care had been used in devising
it. The planning division could proceed only so far in evaluating the sections for im-
provement. Responsible engineers were informed of the methods used and their knowl-
edge and experience was sought to appraise the reasonableness of the selected projects,
and evaluate immeasurables not otherwise considered. These responsible engineers
worked with the program until it became their program. Public acceptance came when
the people became familiar with the fundamental reasonableness of the criteria and
methods used.

To understand why these gratifying results were obtained, it will be necessary to
review very briefly some of the facts presented at the January meeting of the Board.
The paper referred to can be found in the Highway Research Board Bulletin 158 entitled
"Priorities Determination and Programming in Tennessee."

BASES AND SCOPE OF THE PROGRAM STUDY

The studies for the 5-year program were an outgrowth of the Highway Needs Study
conducted in Tennessee by the Automotive Safety Foundation with the cooperation of
state, county and municipal highway agencies in 1954 and 1955. Major products of the
needs study, as reported late in 1955, were listings of the state highway sections found
to be deficient at that time and of those sections which would become deficient during
succeeding 5-year periods.

The 5-year program studies were undertaken by the Department to devise means
for correcting the existing deficiencies and to determine the priorities of their respec-
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tive claims for attention. In the meantime, however, Congress appropriated funds for
accelerated construction of the National System of Interstate and Defense Highways and
accomplishment of that huge task will be programed separately from the remaining
mileage. The 5-year program was limited, therefore, to remedying critical deficien-
cies on the remaining state mileage to the extent possible with available funds.

CHARACTER OF THE CRITERIA AND METHODS

Because there were a great number—about 1,600—highway sections which had been
adjudged presently deficient by the Needs Study, it was necessary to break down this
big backlog into groups of manageable proportions. This was done, first, by alloting
the funds available for the program to the different classes of highway in each of the
Department's four administrative divisions according to their proportion of total dollar
needs and this includes both rural and urban needs over the entire period of time need-
ed to bring all systems to adequacy; and, second, by determining the priorities for ex-
penditure of the alloted funds among the deficient sections on each class of highway.
The road systems included in this program are FAP rural, FAP urban and other state
highways, rural and urban.

The distribution of improvements throughout the whole area of the state appealed to
everyone as just and desirable, but perhaps what contributed most to public acceptance
of the program were the means adopted for determining priorities.

Deciding which jobs should be done first is fundamentally important to good highway
management, but it also is difficult. It deals with complex problems of structural de-
sign and condition and of traffic operation and accommodation. Criteria and procedures
adopted for priority determination may become so involved in the details of these fac-
tors as to be understandable only to the engineers and statisticians who formulate them.

The studies for the 5-year plan did not bypass these complexities, but they did adopt
certain directions of approach which brought details into focus in forms intelligible to
the interested layman. The criteria selected to measure the relative priorities among
deficient rural and urban sections are examples of the simple forms used to represent
the end results of intricate analyses and computations.

After much study of and experiment with the data available for the several highway
sections, three criteria were chosen as basically significant. These are dependability
or structural condition, facility of movement, and safety.

While these criteria were selected as the best tests of adequacy for all roads and
streets, differences of conditions, usage and the availability of data between rural and
urban highways required one important change and some modification of application.

Highway dependability was based on appraisals of the surface, subgrade and drain-
age, but the combined effects of these factors could be presented as a single factor,
rideability, which is the criterion by which people judge the physical condition of a
road or street.

Facility of movement, to the popular ear, has a very vague meaning. In appraising
the deficient rural sections, however, this factor was measured in terms of the "actual
average speed" permitted by existing conditions of roadway design, alignment and
traffic. Urban sections were appraised for facility of movement in terms of the degree
of congestion imposed on existing traffic volumes by the conditions which affect street
capacity. '"Speed" and "'congestion' are terms which the motorist readily understands
and uses in describing the quality of travel service afforded by highways and streets.

Safety expressed in terms of traffic accidents per mile of roadway, is a simple and
realistic measure of highway hazard and is easily intelligible to both engineers and
laymen. This criterion was used for rural highways, but data regarding urban acci-
dents was lacking at the time the studies for the 5-year program were made. For
street appraisals, another factor representing route features which affect traffic ac-
commodation as well as hazards, was used in place of an accident ratio.

A scoring system was used to register the appraised condition of each deficient sec-
tion of rural and urban highway with regard to each of these three criteria. When all
the deficient sections of one class of rural highway or of urban state routes in one of
the Department's territorial divisions had been so appraised and scored, the scores
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DEFICIENCY ANALYSIS AND PROGRAM STUDY
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were compared. On the basis of this comparison the sections were arranged in the
descending order of their critical deficiency.

Five-year programs for correcting the deficiencies on each class of highway in each
division were formulated by drawing successive sections from the top of this priority
list. The number of projects programed for each year was governed by the estimated
cost of correction in relation to the amounts assigned to that group of highways in the
original allotment of funds. When this had been done, the programs were taken into
the field for checking by the division engineers. When revisions had been made to con-
form with current conditions, the program was complete.

While this method of priority determination and program building required handling
an immense volume of data and making numerous computations, the process itself was
fundamentally simple, direct and, as results proved, effective. As a matter of fact it
was the basic simplicity and directness of the means used and the clear and generally
acknowledged validity of the results obtained, which have won for the 5-year program
the approval of highway officials, public authorities and most of the public. Neither
the methods nor the program are perfect, but the engineers and the people alike have
recognized that highway administration in Tennessee has turned an important corner
and that the new direction should be followed.

KEEPING THE PROGRAM UP-TO-DATE

The original priority study rated rural highways as to structural condition, facility
of movement and safety. Urban highways were rated as to structural condition, con-
gestion, and route characteristics. In the continuing program procedure, the term
"structural condition' has been superceded by ""dependability" for rural sections and
"rideability" for urban sections. The criteria used in the continuing program bring
the rural and urban ratings closer together for comparative study.

Highway program control sheets for both rural and urban highways are prepared on
an 11- by 17-in. card (see illustrations), folded and filed in a visible card filing cabinet.
On the front of the card 1s a straight line diagram of the study section. On the back is
the deficiency analysis and program data. A strip map of the same section is on the
back of the preceding file pocket. A sample of each of the forms is presented.

The data card file is kept current and available for use at all times, not only for
programing, but for a multiplicity of other uses by all engineers of the Department.

The 5-year program is revised each year by bringing into the program the projects
with the highest priorities replacing projects which have been constructed in the pre-
vious year.

The same procedure of going to the four field divisions and carefully reviewing each
project in the program is continued. This procedure gives the opportunity to pick
up sections of road that have suddenly gone bad and necessarily need immediate atten-
tion, pick up sections that should be programed for continuity of development or for
any other valid reason. When the field divisions have been visited, the program is
submitted to the chief engineer and his headquarters staff for study and approval. When
the program is approved, copies are given to all engineers who have the responsibility
for execution of the program.
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HE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-

CIL is a private, nonprofit organization of scientists, dedicated to the

furtherance of science and to its use for the general welfare. The
ACADEMY itself was established in 1863 under a congressional charter
signed by President Lincoln. Empowered to provide for all activities ap-
propriate to academies of science, it was also required by its charter to
act as an adviser to the federal government in scientific matters. This
provision accounts for the close ties that have always existed between the
ACADEMY and the government, although the ACADEMY is not a govern-
mental agency.

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY
in 1916, at the request of President Wilson, to enable scientists generally
to associate their efforts with those of the limited membership of the
ACADEMY in service to the nation, to society, and to science at home and
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their
appointments from the president of the ACADEMY. They include representa-
tives nominated by the major scientific and technical societies, repre-
sentatives of the federal government, and a number of members at large.
In addition, several thousand scientists and engineers take part in the
activities of the research council through membership on its various boards
and committees.

Receiving funds from both public and private sources, by contribution,
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work
to stimulate research and its applications, to survey the broad possibilities
of science, to promote effective utilization of the scientific and technical
resources of the country, to serve the government, and to further the
general interests of science.

The HIGHWAY RESEARCH BOARD was organized November 11, 1920,
as an agency of the Division of Engineering and Industrial Research, one
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL.
The BOARD is a cooperative organization of the highway technologists of
America operating under the auspices of the ACADEMY-COUNCIL and with
the support of the several highway departments, the Bureau of Public
Roads, and many other organizations interested in the development of
highway transportation. The purposes of the BOARD are to encourage
research and to provide a national clearinghouse and correlation service
for research activities and information on highway administration and
technology.
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