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SYNOPSIS 

There are undeniable advantages in the use of credit financing to accelerate 
the improvement of arterial highway facilities. Only by this means can the funds 
be obtamed to insure a maximum rate of accomplishment. Earher completion of 
the arterial program will increase the savings and other benefits derived by high
way users, generate increased traffic on the arterial system, and provide addi
tional revenues for its support. For these advantages a price is paid in the form 
of increased total costs because of interest charges, but a program wisely con
ceived and executed should result in benefits to the users far in excess of the in
creased costs 

The recently published report, "Highway Needs of the National Defense" re
vealed the fact that, as of IMS and at 1948 prices, proposed improvements on the 
National System of Interstate Highways will cost over $11 billion, of which nearly 
$6 billion are needed to improve the 34,000 miles of rural sections and $5 3 billion 
are needed for the projected urban system of 3,500 miles When adjustments are 
made for predicted price levels and for additional capital outlays during the 
penod of an improvement program, i t is estimated that the proposed improve
ment of the Interstate System could be accomplished, and the system maintamed 
and operated, by a 15-year program requiring average annual expenditures of 
$702 million. A program accelerated to completion in 12 years would cost $845 
million a year; one lengthened to 20 years could be financed at $566 million a 
year. 

Analysis of the data regarding the costs of proposed improvements on the 
Interstate Highway System indicates that their average investment life would 
be in excess of 50 years, estimated values being 50 years for the rural sections 
and 58 for the urban. The adoption of an 8-year construction program, financed 
out of bonds issued for 30-year terms at 2 percent interest, would bring the ad. 
vantages of a fully improved system to the American public at an early date. 
The annual revenue requirements for such a program would be much less than 
those of current-revenue programs designed to complete the same improvements 
over periods of 12,15, or 20 years. For example, under the bond-issue program, 
the average annual revenue requirements during the first 15 years would be $432 
million, or 61 5 percent of the required annual outlay of $702 million under a 15-
year program financed out of current revenues 

Since the debt-service payments on the bonds will be spread over a consider
able period of years beyond the date of completion of the construction program, 
the gradual accumulation of replacement needs will tend to increase revenue re-
qmrements during the later years. I f such a bond-issue program is adopted, 
wholly or in part, the bond retirement schedules should be designed and managed 
so as to bring about a gradual transition from bond-issue financing of the mitial 
improvement program to current revenue financing of the replacement program. 

We are confronted today with many thou- At the close of the war, the motor-vehicle 
sands of miles of deficient and outmoded industry was faced with a sunilar and closely 
arterial highways, both m rural areas and in allied problem. The number of motor vehicles 
cities. Plans for rectifying this situation are had been reduced considerably from their 1941 
often stated m terms of a 15-yr, or even a peak, and, what was much more significant, 
20-yr., program. Twenty years seem a long nearly all of the existing motor vehicles had 
time to wait before we get the kind of highway become about four years older than they were 
service we need right now I t is reasonable to at the outbreak of the war Beginning in 1946, 
ask whether there is not some means whereby the motor-vehicle mdustry went to work on 
the American people can move in on their this problem of a deficient, madequate mobile 
arterial highway problem at a more rapid pace, plant. During the three years, 1946 to 1948, 
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the production of motor vehicles for the do
mestic market was slightly under 12 million 
motor vehicles. An anticipated production of 
about six million vehicles m 1949 will push this 
total nearly to 18 million. S^rdless of what 
we think about the cost of new cars, i t must be 
acknowledged that the industry has done a 
job, and has made great strides toward meet
ing the heavy demand for replacements and 
additions to the motor-vehicle population. 
That successful effort in itself luts gravely 
aggravated the coordinate problem of meeting 
the demand for improved highwsy facihties, 
particularly on arterial routes. 

The building of public highways is a very 
different thing from the production of motor 
vehicles by private industry. The problems of 
production, administration, and financing are 
not at all similar; but the objective is the 
same— t̂o meet the demands of the public for 
a commodity essential to the American 
economy. I t is incumbent on highway officials 
at all levels to find the means of providing the 
highway facilities that are needed today—not 
20 years from now, but as soon as possible in 
view of the physical and aUied limitations upon 
the accomplishment. Financial and adminis
trative problems should not stand in the way. 
The American people have the resources and 
the manpower to accomplish the desired re
sults What is lackmg is the mechanism and 
not the potential for such an achievement. I t 
has been estimated that current expenditures 
for highway transportation amount to about 
$30 bUUon,' of which approximately $3 biUion, 
or 10 percent, are spent for highways What
ever the ratio should be under going condi
tions, i t is clear that if we are to meet the 
challenge of motor-vehicle production and the 
great increase of traffic i t brmgs about, we 
must find means of greatly acceleratmg the 
rate of highway improvement in the ne.xt few 
years. 

Current developments in the planning and 
buildmg of toll roads offer one solution—a 
solution about which not everyone u> happy, 
but one that presents a challenge to those who 
think m terms of free arterial highways. I t , is 
not intended to discuss here the pros and cons 
of toll roads The one most attractive feature 
of a toll-road project is that the floating of a 
loan secured by prospective tolls provides the 

'"Automotive Transportation Trends and 
Problems," by Wilfred Owen, Brookmgs In
stitution, Washington, D C , 1949, p. 5 

funds for the rapid construction of an arterial 
facility. The limit is set by the possible rate of 
physical accomphshment and not by the avail
ability of current revenues. A way is found to 
do the job and do i t quickly. 

The device of credit financing is not an ex
clusive patent enjoyed by the proponents of 
toll roads. In his address' at the annual meet
ing of the American Association of State High
way Officials at San Antomo in October, 
Commissioner MacDonald stated, "The only 
possible attack upon our current highway 
problems that has any hope of brmging rehef 
must be the application of the successful and 
the discard of the unsuccessful pohcies out of 
our usable p a s t . . . We know from our 
records that we obtained the most rapid ex
tension of the first systems of modem roads 
now in service in many States by bond issues 
which have been comfortably carried by a 
fraction of the expanding revenues, and there 
is no valid reason why this process cannot be 
repeated where necessary." 

An arterial facihty not supported by the 
collection of tolls enjoys certain advantages. 
Construction and operatmg costs are less be
cause i t is unnecessary to build, maintain, and 
operate toll gates. Other things being equal, 
the traffic potential of the free facility is 
greater, m part because i t will attract a con
siderable amount of short-trip traffic, and in 
part because the toll charges act m some 
degree as a deterrent to use of a toll facility. 
The greatest advantage, however, lies in the 
fact that toll-facility bonds, secured only by 
the anticipated revenues from tolls, are gener-
erally marketed at a considerably higher effec
tive rate of interest than general obligation 
bonds, to the security of which the full faith 
and credit of the issuing government is 
pledged I t is well to add also that the field of 
usefdness of highway toll facihties is hmited. 
For obvious reasons, tolls have not been 
seriously proposed as a means of financmg 
urban expresswajrs; and toll roads are certain 
of success in rural areas only when they enjoy 
m generous measure the combined advantages 
of strategic location and high traffic potential. 

One fact is undeniable, however—toll roads 

'"Status and Relative Progress of the 
Federal-aid Highway Program," by Thomas 
H. MacDonald, Commissioner of Public Roads, 
presented at the 35th Annual Meeting of the 
American Association of State Highway Offi
cials, San Antomo, Texas, October 11, 1949 
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produce revenues apphcable to debt service on 
the bonds. The problem of credit financing of 
free arterial facilities is one of finding the 
necessary revenues to provide for debt service 
on the loan, as well as mamtenance and per
petuation of the facilities once they are built. 
This is the challenge presented by titie toU-road 
enthusiasts for the sober consideration of high
way officials and legislators. 

ADVANTAGES AND DISADVANTAGES OF 
BOND-ISSUE FINANCINQ 

The advantages of a bond-issue program for 
the constmction of arterial highways may be 
briefly stated as follows: 

1. Through the medium of borrowing an 
improvement program may be greatly ac
celerated, without a great mcrease m im
mediate revenue requirements 

2. Payment for the improved facilities will 
be spread over a period durmg which they are 
earning mcreased revenues as a result of their 
improvement. 

3. In contrast to the pedestrian pace of a 
current revenue program, acceleration through 
a bond-issue program produces the following 
effects: 

a. As a result of earher completion, users of 
the facilities derive greatly mcreased bene
fits through savmgs in operating costs, re
ductions m accident costs, and oti^er factors. 
b. Because the traffic-generating capacities 
of improved facihties come into play at an 
earlier date, these benefits are reahzed by a 
greater number of users, with a resulting 
multiplication of then: total value. 
4. Earlier occurrence of mcreased traffic on 

the unproved facihties produces mcreased 
annual revenue earnings, with the result that 
the State is better able to support the cost, 
while the users, through savmgs realized, are 
better able to pay. 

Offsettmg tJiese very real advantages of 
bond-issue financmg, the following disadvan
tages may be cited: 

1. Other things bemg equal, the total capi
tal cost of the improvement program is in
creased by the amount of interest payment on 
the bond issues. 

2. Smce the debt-service payments will be 
spread over a considerable penod of years 
beyond the date of completion of the program, 
the gradual accumulation of replacement needs 
combined with continumg debt-service pay

ments, may result in an embarrassing increase 
in revenue requirements in the later years. 
Shrewd management of a bond-issue program 
should avoid this contingency, but the possi
bility of its occurrence should not be ignored. 

I n general terms, the use of credit financing 
for the building of h^ways may be said to be 
justified if i t can be shown that the benefits 
realized by the users from earher completion 
of the project or program are greater than the 
increased cost caused by the necessity to pay 
mterest I t is customary now to make such 
estimates of economic justification, by calcu-
latmg the mileage-element and time-element 
benefits resulting from the improvement, and 
balancmg the net sum of annual benefits 
agamst the estimated annual costs. While 
there 18 still much controversy about these 
procedures, i t is now commonly aclmowledged 
that the savmgs m motor-vehicle ownership 
and operating costs, even i f they could be 
computed with the greatest accuracy, would 
not tell the entire story of the benefits received 
from improved highway facilities. 

The reductions in the strams, hazards, and 
inconveniences of dnving over inadequate and 
congested facihties have an economic value 
that is demonstrated by the willingness of 
highway users to pay for such relief. In par
ticular, i t may be noted that toll charges im
posed or proposed for private automobiles 
generally run to one cent or more per mile of 
travel on the toll facihties. I t should be home 
in mmdthat this one cent is a charge over and 
above the cost m gasohne taxes and pro-rated 
registration and other fees, which the user will 
pay whether the facihty is free or subject to 
tolls. A passenger-car c W g e of one cent a mile 
is eqmvalent to a gasohne tax of about 15 cents 
per gallon. This means that a successful toll 
facility has somethmg to offer the motorist for 
which he is willmg to pay a remarkably high 
premium. Not all motorists are willing to make 
such a payment; but the fact that we have 
some important toll facihties operating at the 
present tune at such rates, suggests at least a 
rough measure of the value which rehef from 
unsafe and congested traffic conditions has for 
the motor-vehicle user. 

Credit financmg is particularly applicable to 
arterial improvements, which are generally of 
high mitial cost. Since the demand for them is 
so urgent that they must be provided at the 
earliest possible date, bond issues are the only 



ST. CLAIR—BOND-ISSUE FINANCING 23 

ready means for making the funds immediately 
available. Because of the necessarily high 
standards to which they are built—includmg 
surfacmg and structures of the most durable 
types, separation of the traffic streams, separa
tion of grades and, on the most heavily 
traveled facihties, control of access—the life 
span of arterial improvements is likely to be 
much longer than that of lower-type roads. 
The relatively large expenditures for right-of-
way and structures, particularly in urban 
areas, mtroduce cost elements of long invest
ment hfe. Extensive relocations may require 
large outlays for grading—another long-hved 
element of cost. Furthermore, i t is unlikely 
that arterial highways of modem design will 
be subject to the rapid obsolescence that has 
occurred in the case of many highway facihties 
m the past. I f the capacities of expressways 
built today are found m the future to have 
been exceeded, the probability is that supple
mentary rout^ will be built, rather than that 
the earber facilities will be replaced. 

The prospect that arterial improvements 
built to adequate standards will remain in 
service for a long time is an assurance that the 
issuance of bonds to finance their initial cost 
will be a prudent investment. Recognition of 
the desirabihty of bond-issue financing for 
arterial road improvements led to the recom
mendation m the report, "Highway Needs of 
the National Defense,"* "That the Federal law 
permit future allotment of Federal funds to be 
apphed to the retirement of the indebtedness 
mcurred for such improvements." This recom
mendation was endorsed by the American 
Association of State Highway Officials at its 
November meetmg in Chicago. 

A reahstic appraisal of the situation must 
take cognizance of the fact that some States 
are very unlikely to imdertake the bond-issue 
financing of arterial highways. I n a number of 
States, the issuance of bonds for public im
provements is forbidden by the State constitu
tion. In others, hmitations on the magnitude 
of the State debt may act as a deterrent; and 
in still others the pohcy of financing highways 
out of current revenues is of long standing and 
unlikely to be changed. The makmg of finan
cial plans for arterial unprovements is a matter 
of State pohcy, although m some mstances the 

»"Highway Needs of the National Defense," 
House Document No 249, 81st Congress, Ist 
Session, Government Printing Office, 1949, p. 4. 

pohcies and practices of individual cities may 
affect decisions regardmg the financmg of ex
pressways. I n this discussion i t is mtended only 
to canvass the situation in general terms, with
out implymg that credit financing should or 
should not be adopted by individual States. 

ROAD-USES TAX EARNINGS AND THEIR 
SIGNIFICANCE 

The earnings of highways or highway sys
tems in the form of road-user tax revenues 
generated by the traffic have a significant 
beanng upon the problem of financmg their 
costs. Dr. L. I Hewes, Chief of the Western 
Headquarters, Bureau of Pubhc Roads, in a 
paper* before the Western Association of State 
Highway Officials in 1948, discussed the prob
lem of financmg arterial highways, particularly 
in cities, and advanced the idea that bonds 
issued to finance such improvements should be 
secured by a pledge of theu- annual earnings in 
road-user taxes. Said Dr. Hewes, in part: 

"When the need of new urban facihties thus 
becomes clear their financing is of first im
portance I t is quite evident that at this pomt 
the volume of business also is clear I f we take 
a conservative unit of revenue of 6 nulls per 
vehicle-mile there results $2.19 per vehicle-
mile-year. This is an important operating rev
enue. I t is worth nearly $2,200 yearly for each 
1,000 vehicles. I t would seem that when traffic 
is sufficient to require urban expressways many 
of them could be financed with such operating 
revenues pledged to service a loan. Maay 
needed urban expressways would carry daily 
in excess of 10,000 vehicles and some of them 
up to 50,000 vehicles. At an operating revenue 
of even i cent per vehicle-mile the correspond
ing annual user revenue runs from $18450 to 
$91,250 per mile. At a rate of 5 percent for total 
debt service such revenues mdicate permissible 
investments of reasonable terms in express
ways that cost from $365,000 to $1,825,000 per 
mile." 

Mr. Jorgensen of Connecticut expressed 
himself along similar lines in a paper' pre-

<"Some Present Highway Problems," by 
Dr. L. I . Hewes, Chief of the Western Head
quarters, Bureau of Public Roads, presented 
at the meeting of the Western Association of 
State Highway Officials, Portland, Oregon, 
July 26,1948 

•"Fmancing the Highway Program," by 
Roy E Jorgensen, Deputy Commissioner and 
Chief Engineer, Connecticut State Highway 
Department, published m "Proceedings, Con-
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sented at the annual meeting of the American 
-Association of State Highway Officials at Salt 
Lake City m September 1948. Following is a 
pertinent quotation from Mr. Joigensen's 
paper: 

"The road users have shown a willingness— 
in fact a strong desire—to pay more if they see 
the additional funds gomg into express high
ways What wa must do, as I see i t , is to propose 
bond-issue financing for a specific network of 
expressways. And, further, to advocate the 
carrying of the bonds by an additional incre
ment of road user revenue, definitely ear
marked for that purpose Such a setup should 
have all of the appeal of the toll financing-
knowing what one is paying for and getting 
major improvements now. I t will have marked 
advantages over toll financing The credit of 
the State or of earmarked road user revenue 
would reduce the interest rate on bonds There 
would be no overhead to cover toll collection 
costs. The free highways and the access roads 
thereto could be located to afford the best 
service to traffic. On toll highways there must 
be compromises made to provide a minimum of 
competition with free roads, and to limit access 
points to those that will bring enough traffic to 
pay the cost of maintaining the access and toll 
station " 

Under the procedure suggested by these two 
quotations, the pledge of the road-user tax 
earnings of a highway or group of highways 
would be analogous to the dedication of the 
toll revenues of a toll facility to the same pur
pose The bonds issued to &iance free arterial 
highways would enjoy the further security of a 
pledge of the faith and credit of the State. 

Certam definitions and quahfications are 
necessary to the discussion of earnings m the 
form of road-user tax revenues, and the pohcy 
of pledgmg them to the service of highway-
bond issues In calculating such earmngs the 
ordinary procedure is to evaluate the traffic on 
a given road or group of roads m terms of the 
annual amount of gasohne-tax revenues gen
erated, by the use of reasonable values of miles 
per gallon for the different types and sizes of 
vehicles of which the traffic is composed To 
this may be added a pro rata of annual regis
tration fees and miscellaneous motor-vehicle 
receipts 

vention Group Meetings, Papers and Discus
sions, Salt Lake City, Utah, 1948," American 
Association of State Highway Officials, 1949. 

Legal provisions for the allocation of road-
user tax receipts do not run parallel to the 
amounts of travel occumng on different road 
and street systems; nor is there any general 
agreement among students of the subject that 
generated earnings should be the sole or prin
cipal basis of such allocations. One highway 
system may receive more than its share of the 
revenues on an earnings basis and another 
system less. I n general, the cities have received 
less than the amount of tax earnings generated 
by urban traffic, although the expenditure of 
State highway funds on the urban connections 
of State highways has tended to mitigate this 
situation m recent years. I n any event i t is 
necessary to take cognizance of the actual 
availabihty of road-user tax revenues in relat
ing the generated earnings to the financing of a 
given system or group of highway facilities. 

The calculation of highway-revenue earn
ings need not be restricted to State imposts on 
highway users. A road or road system eligible 
for Federal aid may be said to "earn" Federal 
funds; and, for arterial improvements at least, 
i t is reasonable to calculate those earnings in 
proportion to traffic volume, or in a manner 
parallel to the calculation of earnings of State 
road-user revenues. I t is not uncommon to 
speak in terms of the Federal excise taxes 
generated by motor-vehicle travel, although 
there is no legal connection between such pay
ments and Congressional authorizations of 
Federal aid The receipts from Federal excise 
taxes paid by highway users in 1948 are esti
mated at $1,151 million, of which $432 miUion 
came from the U-cent gasohne tax The 
current regular Federal-aid authorizations 
amount to $450 million, which is less than half 
of the amount received from Federal excise 
taxes and only slightly in excess of the Federal 
gasohne-tax eammgs I t would be imprudent, 
therefore, m devising a financial plan for 
partial support of an arterial facility or system 
out of Federal funds, to make calculations 
based on the total earnings of Federal motor-
vehicle excise taxes I t is reasonable, however, 
to base such calculations on the current 
Federal authorizations. 

I t is also true that revenues other than those 
of the State and Federal governments may be 
available for arterial improvements, particu
larly in cities. Where this is the case, 
the availability of such revenues should be 
taken into account m making the financial 
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plans, although i t is doubtful that such funds 
would be subject to pro ratmg in proportion to 
traffic volumes. 

In most mstances i t would probably be un
wise as well as unnecessary to pledge the tax 
eammgs of a specific facihty—such as a given 
expressway route—to the service of bonds spe
cifically issued to finance its constmction. Such 
a procedure might have publicity value with 
respect to the constmction of a major trans-
state route, but i t would have no particular 
legal or security significance. I f general obliga
tion bonds are issued, the full faith and credit 
of the State is a sufficient pledge. The further 
pledgmg of road-user tax earmngs or revenues 
is, in effect, a direction that certain funds shall 
be used for debt service, rather than a security 
pledge to the bondholders. Perhaps the most 
sensible policy would be to make a financial 
plan for an entire arterial system, such as the 
rural and urban sections of the Interstate 
Highway System within a State; and then to 
provide by law that amounts equal to the pre
dicted road-user tax earnings of the system, or 
such portion thereof as may be needed, shall 
be set aside each year for debt service on the 
bonds. As a matter of fact, the plan must pro
vide for the entire support of the system, in
cluding maintenance, operation, and replace
ment, whether or not the calculated revenue 
earnings are sufficient for this purpose. This 
consideration pomts to the fact that i t is of 
more significance to determme what eammgs 
of a system must be—and thus what the rates 
of taxation must be—in order to provide for 
its support, than i t is simply to say that the 
eammgs at existing rates shall be dedicated to 
that purpose. 

CHARACTEBISTICS OF NEEDED IMPBOVE-
MENTB ON THE INTERSTATE 

SYSTEM 

The recent pubUcation of the report, "High
way Needs of the National Defense," describ
ing the reqmrements for unprovement of the 
National System of Interstate Highways and 
the estimated costs of meetmg them, has 
focused attention on the problem of arterial 
road financmg There are many other routes of 
major importance, particularly m the populous 
and highly industrialized States. The Inter
state System, however, is so well known and 
constitutes so clearly an integrated system of 
arterial routes that a study of the facts relating 

to its unprovement needs and the problems of 
financing them may well serve to illustrate 
the correspondmg problems of other arterial 
programs. 

'The determination of needs and the costs of 
proposed unprovements on the Interstate 
Highway System was a cooperative Federal-
State effort, the general outlines of which were 
agreed upon by the Bureau of Public Roads 
and a committee appointed by the Amencan 
Association of State Highway Officials. The 
State Highway Departments were asked to 
determme, for each section of the Interstate 
System, mial and urban, the extent and char
acter of the improvement needed to make i t 
adequate to serve its potential 1948 traffic 
volume, and to estunate the cost of such an 
unprovement at 1948 prices. The standards 
agreed upon for making these estimates were 
substantially the same as those adopted by 
the Association in 1945, to govern the design 
of highways mcluded in the Interstate System 
The compiled results of this study indicate 
that the total cost of proposed unprovements 
would, at 1948 pnce levels, amount to $11,266 
million. 

Reported unprovement needs on the 33,638 
miles of rural Interstate highways amount to 
$5,973 million; for the projected urban system 
of 3,521 mUes the total is $5,293 million. 
For the average State these estimated needs 
indicate a program of $124 million for mral 
improvements and $108 milhon for urban 
work. Although the character of the deficien
cies and the costs of eliminating them vary 
widely from State to State, itisnecessaryhere 
to confine the discussion to the Nation-wide 
totals, and to visualize the problem in terms 
of asingleprogram of arterial highway unprove
ment. Some facts about these needed improve
ments and theu- costs are set forth in the first 
few tables and figures 

Tables 1 to 6 give Nation-wide summanes of 
costs of needed improvements, costs per nule, 
and percentage distnbution of costs. Table 1 
^ves a classified summary of the costs of 
needed unprovements msofar as they could be 
subjected to classification. The total accounted 
for in this summary is $11,212 million, or 99.5 
pereent of the grand total of $11,266 milhon 
This total, however, is not fully classified be
cause not all States submitted figures suscep
tible of division into the two-way classifica
tion, (a) by type of improvement, and (b) by 
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cost element, which formed the scheme of 

Needed improvements were classified by 
type into relocation, reconstruction, and 

classification With respect to type of improve
ment, relocation accounts for the greatest 
share of the cost On rural sections, the reloca
tion of 9,716 mi. of road is estimated to cost 

TABLE 1 
NATIONAL SYSTEM OF INTERSTATE HIGHWAYS SUMMARY OF REPORTED IMPROVEMENT NEEDS 

BY TYPES OF IMPROVEMENT A N D BY ELEMENTS OF COST 

Item 

KuFoI Sections 
Total mileage 
Classified mileage* 
Average daily traffic 

Vehide-miles per day 
Vehiele-miles per year 
Elemente of cost 

Construction * 
Grading 
Surfacing 
Structures 
Unclassified 

Total 

Right-of-way 

Total cost 
Urban Sectum 

Total imleage 
Ckissified mileage* 
Average daily traffic 
Vehicle-miles per day 
Vehisle-miles per year 
Elemente of cost 

Construction * 
Grading 
Surfacmg . 
Structures 
Unclassified 

Total 

Right-of-way 

Total cost 
Summary, All Secttont 

Total mileage 
Vehicle-miles per year 
Elementa of cost 

Construction 
Right-of-way 

Total 

Dimension 

Type of Improvement 
Required Total, 

Classified 
by ^rpe 

Improve
ment 

Un
class
ified 

Type 
of Im
prove
ment* 

Total Re-
guinnc 
Imme

diate Im
prove
ment 

Ade
quate, 

No 
Imme
diate 
I m 

prove
ment 
Re

quired 

Grand 
Total Dimension 

Re
location 

Recon
struction 

Widen
ing 

Total, 
Classified 
by ^rpe 

Improve
ment 

Un
class
ified 

Type 
of Im
prove
ment* 

Total Re-
guinnc 
Imme

diate Im
prove
ment 

Ade
quate, 

No 
Imme
diate 
I m 

prove
ment 
Re

quired 

Grand 
Total 

Miles 
Miles 
Veh per 

day 
Thousand 
Million 
S1,000 

9,716 4 
8,994 5 

4,506 

43,769 
16,976 

13,403 4 
11,895 8 

2,870 

38,462 
14,039 

7,825 2 
7,810 6 

2,848 

22,286 
8,134 

30,945 0 
28,700 9 

3,378 

104,617 
38,149 

90S 0 

4,525 

4,100 
1,496 

31,851 0 
28,700 9 

3,410 

108,617 
39,646 

1,787 0 

4,193 

7,493 
2,736 

33,638.0 

3,482 

116,110 
43,380 

854,161 
822,531 
700,398 
314,353 

604.435 
621,931 
327,722 
279,794 

169,370 
227,571 
176,789 

2,326 

1,627,966 
1,672,033 
1,203,909 

696,472 113,809 

1,627,966 
1,672,033 
1,203,900 

710,281 

1,627,966 
1,672,033 
1,203.909 

710,281 

2,691,443 1,833,882 575,055 5.100.380 113,800 5.214,189 6,214,189 

356,058 233.427 94,638 684,123 25,426 709,548 709,548 

3,047,601 2,067,309 660,693 5,784,503 139,234 5,923,737 6,923,737 

Miles 
Miles 
Veh per 

day 
Thousand 
MiUion 
S1,000 

1,887 6 
1,730 9 

17,988 

815 7 
768 1 
11,140 

366 8 
366 4 
10,465 

3,070 I 
2,865 4 

16,270 

159 4 

13,434 

3,229 5 
2,865 4 

15,179 

291 4 

17,326 

3,520.9 

15,357 
Miles 
Miles 
Veh per 

day 
Thousand 
MiUion 
S1,000 

33,953 
12,393 

9,087 
3,317 

3,839 
1,401 

46,879 
17,111 

2,141 
781 

49,020 
17,892 

5,049 
1,843 

54,069 
19,735 

650,340 
437,686 

1.400,983 
282,646 

145.993 
141,968 
207,002 
154,670 

27.369 
25,923 

118,134 
2,100 

823,702 
605,577 

1,726,119 
439,816 138,191 

833,702 
605,577 

1,726,110 
577,507 

823,702 
605,577 

1,726,119 
577,507 

2,771,655 649,533 173,526 3,594,714 138,191 3,732,906 3,733,905 

1,190,812 213,249 38,966 1,443,017 112,013 1,555,030 1,556,030 

3,962,467 862,782 212,482 5,037,731 250,204 5,287,936 5,287,935 

Miles 
Million 
S1,000 

11.604 0 
28,369 

6,463.098 
1,546,870 

14,219 I 
17,366 

2,483,415 
446,676 

8,192 0 
9,535 

748,581 
133,594 

34,015 1 
55,260 

8,695,094 
2,127,140 

1,085 4 
2,2n 

252,000 
137,438 

36,080 5 
67,537 

8,947,094 
2,264,678 

2,078 4 
4,678 

37,158 9 
62,115 

8,947,094 
2,264,578 

7,009,968 2,930,091 882,175 10,822,234 389,438 11,211,672 11,211,672 

> The classification of construction needs was incomplete in three States One failed to segregate leconstraction oosta 
from relocation casta, another failed to senegato relocation, reconstruction and structures, the thud failed to classify with 
respect to either types of improvment or elementa of construction cost The amounta entered against the items "Grading," 
"Surfacing." and "Structures" are the totals for the 45 States and District of Columbia which reported a complete clas
sification of improvement needs with respect to types of improvement and elemente of cost Additional cost items are shown 
ss "Unclassified " 

widemng. The major cost elements are right-
of-way and construction, the latter being sub
divided mto grading, surfacing, and structures. 
Figure 1 gives m bar-diagram form a summary 
of the costs of proposed improvements to the 
extent that they are subject to this double 

$3,048 million. Reconstruction, a less expen
sive effort, IS required on 13,403 mi. at a cost of 
$2,067 million. A total of 7,825 mi. will have to 
be widened at a cost of $670 million. Nme 
hundred six miles, costmg $139 million were 
unclassified with respect to type of improve-
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ment. On the rural sections costs of right-of 
way account for $710 milhon; grading $1,628 
million, surfacing $1,672 million, and struc
tures $1,204 milhon, with $710 milhon in con
struction costs unclassified with respect to cost 
element. 

Out of 3,521 mi. of urban sections, 1,888 mi 
are estimated to require relocation, at a cost of 
$3,962 million The reconstruction of 816 mi 
m cities will cost $863 milhon, and the widen
ing of 367 im will cost $213 milhon. The ac
quisition of expensive nght-of-way in cities 
presents a bill of $1,555 million, as against 

day; and the sections requiring widening had 
an average of 2,848 vehicles per day. A sunilar 
comparison for the urban sections gives the 
following figures: 

Relocation 
Reconstruction 
Widening 

Hiles 
Needing 

ImproTBineiit 
1,888 

816 
367 

Vehides 
per Day 
17,988 
11,140 
10,465 

These relationships are not surprising, but 
they do serve to emphasize the urgency of the 
arterial highway problem. To a large extent 

MILLION 
DOLLARS 

• UNCLASSIFIED eONSTRUCTKM 

S 8URFACIN6 @ GRADING 

I STRUCTURES 

D RtGHT-OP-WAT 
MILLION 

DOLLARS 

6000 

9000 

4000 

3000 

2000 

1000 

0"— 

RELO-

RELO-

TOTAL 

RECON
STRUCTION _ UNCLAS

SIFIED 

6000 

5000 

4000 

3000 

1000 

RURAL SECTIONS URBAN SECTIONS 
Figure 1. Distribution of Costs of Needed Improvements on the Interstate System 

$824 million for gradmg, $606 million for 
surfacmg, and $1,726 million for structures. 
The extremely high expenditures required for 
nght-of-way and structures are features of the 
urban program which contrast noticeably with 
the cost requirements of the rural sections. 

Table 1 also gives, for each type of improve
ment (relocation, reconstruction, and widen
ing) the daily and annual vehicle-miles and the 
average daily traffic on the sections needmg 
improvement, these values referring to the 
potential 194iS traffic had the sections been 
improved to standard The 9,716 mi. of rural 
roads proposed for relocation had a potential 
average 1948 traffic of 4,505 vehicles per day 
On the 13,403 mi. proposed for reconstruction 
the corresponding value was 2,870 vehicles per 

those facihties that carry the heaviest traffic 
are to the greatest degree substandard, and 
demand the most drastic and expensive 
treatment. 

A similarly classified summary of costs per 
mile is given m Table 2, and illustrated m 
l^gure 2. The great contrast m costs per mile 
between rural and urban sections is readily 
apparent. As would be expected, relocation is 
by far the most costly type of unprovement 
on both rural and urban sections. Since a re
location constitutes a complete new job of 
work, the breakdown of average costs per 
mile on relocation projects is of perhaps more 
significance than in the case of reconstruction 
and widening. The average cost per mile of 
all proposed rural relocation projects is 
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$314,000 of which $277,000 is accounted for 
by construction costs and $37,000 by the 
acquisition of nght-of-way The average for 
fully classified construction costs is $264,000, 

On lu-ban sections, the average cost per 
mile of proposed relocation projects is 
$2,099,000, of which $1,468,000 is required 
for construction, and $631,000 for r i^ t -o f -

TABLE2 
NATIONAL SYSTEM OF INTERSTATE HIGHWAYS: COSTS PER MILE OF REPORTED IMPROVEMENT 

i n ^ D S , CLAS8IFIBD BY TYPES OF IMPROVEMENT A N D BY ELEMENTS OF COST 

Ade

Item 

Tjrpe of Improvement Required 
All Types 

of Im

Unclass
ified by 
Type of 

Total Re
quiring 

[mmediate 

q u a t e 
No Im
mediate 

Im
A l l 

Mileage Item 

Etelocation Recon
struction Widening 

provement Improve
ment 

Improve
ment 

prove
ment 
Re

quired 

and CostB' 

Rural Sections 
Total miloige 
Classified mileage* 
Unelsssified mileage' 
Costs per mile 

Construction * 
Grading 
Surfacing 
Structure" 

9.716 4 
8,994 5 

721 9 

894,966 
91,448 
77,870 

13,403 4 
11,895 8 
1,507 6 

$50,811 
52,282 
27,549 

7,825 2 
7,809.9 

16 8 

$21,687 
29,189 
22,508 

30.946 0 
28,700 2 
2,244 8 

$66,723 
68,268 
41,948 

906 0 

906 0 

31,861 0 
28.700 2 
3,150.8 

$56,723 
68,258 
41,948 

1,787 0 33,638.0 

Total classified 264,283 130,642 73,334 166,929 156,929 

Unclassified 436,452 186,689 151,961 265,713 125.617 226,429 

All construction 277,000 186,822 73,488 164,821 125,617 163,706 

Rigbt-of-way 36,645 17.416 12,094 22,108 28.063 22,277 

All costs 
I/rten SecboiM 

Total mileage 
dsssified mileage^ 
Unolaasified mileage^ 
Costs per mile. 

Construction:* 
Giading. 
Burfacmg . 
Structures' 

313,646 

1,887 6 
1,730 9 

166 7 

1375,723 
262,866 
809,396 

154,238 

815 7 
768 1 
47 6 

$190,070 
184,830 
268,499 

86.683 

366 8 
386 4 

.4 

$74,697 
70.761 

322,418 

186,929 

3,070 1 
2,865 4 

204 7 

287,466 
211,341 
602,401 

163,680 

159 4 

169 4 

186,983 

3,229 6 
2,866 4 

364 1 

$287,466 
311,341 
607.683 

291 4 

$176,103 

3,520 9 

Total classified . 1,437,986 644,899 467.866 1,101,207 1,106,489 

Unolaasified 1,803,740 3,247,269 6,250,000 2,146.146 866,945 1,886,122 

All construction 1,468,349 796.289 473,081 1,170,878 866,945 1,185,877 

Right-of-way 630,860 261,431 106,206 470,023 702,716 481,608 

All costs 
Sutnmarg, All Sectiona 

Total mileage 

2,099,209 

11,604 0 

1,057,720 

14,219 1 

679,286 

8,192 0 

1,640,901 

34,016 1 

1,569,661 

1.065 4 

1,637,386 

36,080 5 2,078 4 

$1,601,870 

37,158 9 

Costs per mile 
Construction 
RightKif-way 

$470,794 
133,305 

$174,663 
31,414 

$91,879 
16,808 

$265,625 
62.636 

$236,631 
129,001 

$256,044 
64,664 

Total 604.099 206,067 107,687 1 318,160 1 365,532 319,598 $301,722 

* See T^ble 1, footnote a The amounts entered aminst the items "Giading," "Surfacing," and "Structuies" a n the 
avenge costs per mile for the 45 States and D i s t n e t « Columbia which nported a eomjileto classificatKm of improvement 
needs with respeet to types of improvement and elements of cost. The "unelsssified" coats a n naturally erratic, but have 
nlatively little effect on the total eoste per mile. 

b The amounts enterad against this I t e m a n to be interproted as the average costs of (tniotures per mile of road improve, 
ment of the given ^rpe 

this total bemg made up of $95,000 m gradmg, 
$91,000 m surfacmg, and $78,000 m the cost of 
structures. I t should be noted that the costs 
per mile of structures as given m Table 2 
represent the average cost of structures per 
mile of road improvement of the given type. 

way. The average cost of fully classified con
struction on urban relocation projects is 
$1,438,000, of which $376,000 is required fol 
gradmg, $253,000 for surfacmg, and $809,000 
for structures. 

The average cost per mile of needed recon-



sr. CLAIR—BOND-ISSUE FINANCING 29 

struction projects is $154,000 on rural sections, 
and $1,058,000 on urban sections. Indicated 
costs of widening projects are $86,000 per 
mile on rural sections and $579,000 per mile 
on lu-ban sections. 

I t should be recognized that the costs per 
mile given in Table 2 are stated in terms of 
1948 prices, which were more than twice those 
of the prewar period, 1937 to 1941. There is 
reason to believe that average costs over a 
long-range construction period would be very 
materially below the 1948 level. 

Table 3 gives the percentage distribution of 
costs of needed improvements by elements of 
cost, i.e., grading, surfacing, structures and 

costs of needed improvements by type of 
improvement, le. , relocation, reconstruction, 
and widening There is a further subdivision 
as between construction and right-of-way. As 
in Table 3, two percentage distributions are 
given, one which includes the imclassified 
items and one which mcludes the classified 
items only. Classified construction costs on 
rural sections divide 53 percent to relocation, 
36 percent to reconstruction, and 11 percent 
to widening. The distnbution of right-of-way 
costs is not dissimilar, with the result that the 
distribution of total costs is approximately 
the same as that of construction costs. In 
urban sections relocation takes by far the 

THOUSAND 
DOLLARS 

25001— 

Q CONSTRUCTION 

n RI6HT-0F-W«r 

eooo 
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500 | _ R E L O . - _ . . „ GENERAL J 
C A T I O N ^ - WERAOE 
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INO 

THOUSAND 
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RURAL SECTIONS URBAN SECTIONS 
Figure 2. Average costs Per Mile by Types of Needed Improvements on the Interstate System 

right-of-way. The percentages of unclassified 
items are also given. Under the headmg for 
each unprovement type there are two columns, 
one giving the percentage distribution of all 
items, and the other givmg that of classified 
construction items only. For example, i t is 
found that on fully classified rural relocation 
projects, 36 percent of the cost is required for 
gradmg, 35 percent for surfacing, and 29 per
cent for structures. The correspondmg dis
tribution for urban relocation projects gives 
26 percent for grading, 18 percent for surfac
ing and 56 percent for structures This distri
bution emphasizes the extremely high costs 
frequently mcurred for structures in buildmg 
urban expressways 

Table 4 gives the percentage distribution of 

lion's share of the cost, absorbing 77 percent 
of the construction cost as against 18 percent 
for reconstruction, and only 5 percent for 
widenmg Relocation on urban projects ab
sorbs 83 percent of the costs of right-of-way. 
The division of total costs on urban projects 
allots 79 percent to relocation, 17 percent to 
reconstruction and 4 percent to widening. 

Tables 5 and 6 were made up by dis-
tnbuting to the several cost elements and 
types of improvement the unclassified items 
which are accounted for separately in Tables 
1 to 4. These tables, therefore, give approxi
mate percentage distributions fully claissified. 
Table 5 gives for the rural and urban sections 
separately the percentage distnbution by cost 
elements and improvement types, with the 
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total cost of all improvements taken as the 
percentage base. Thus, i t is shown that gradmg 
on rural relocation projects constitutes 17 
percent of the total cost of all rural projects; 
and that structures on relocation projects 

nght-of-way for 12 percent. On urban sec
tions relocation will absorb 79 percent of the 
cost, reconstruction 17 percent, and widening 
4 percent. By cost elements, the indicated 
distribution of urban costs allots 19 percent 

T A B L E S 
NATIONAL SYSTEM OF I N T E R S T A T E HIGHWAYS P E R C E N T A G E DISTRXBUTION OF COSTS OF N E E D E D 

IMPROVEUENTS, B Y E L E M E N T S OF COST 

Relocation Reconstruction Widemng 
Total Classified 

by l^pe o f « 
ImprOTementi 

Total All Costa* 

Item 

AU 
Items 

Con
struc
tion 

Items 
Only 

All 
Items 

Con
struc
tion 

Items 
Only 

All 
Items 

Con
struc
tion 

Items 
Only 

All 
Items 

Con
struc
tion 

Items 
Only 

AU 
Items 

Con
struc
tion 

Items 
Only 

Aural Stettoru 
Construetion 

Giading 
Suifocing 
Structures 
Unelaasified 

% 

28 03 
26 99 
22 98 
10 32 

% 
b 

35 93 
34 60 
29 47 

% 

29 24 
30 08 
15 85 
13 54 

% 
b 

38 89 
40 02 
21 09 

% 

25 29 
33 98 
26 25 

35 

% 
b 

29 57 
39.74 
30 69 

% 

28.14 
28 91 
20 81 
10 31 

% 
b 

36 18 
37 12 
26 73 

% % 

Total 88 32 100 00 88.71 100 00 85 87 100 00 88 17 100 00 88.02 

Right-of-way 11 68 11 29 14 13 11 83 11.98 

Total cost 
Urban Stelumi 

Construction: 
Grading 
Surfacing 
Structures 
Unclassified 

100 00 

16 41 
11 05 
35 36 
7 13 

b 

26 13 
17 58 
56 29 

100 00 

16 92 
16 45 
23 99 
17 92 

b 

29 50 
28 68 
41 82 

100 00 

12 88 
12 20 
65 60 

99 

b 

15 97 
15 12 
68 91 

100 00 

16 35 
12 02 
34 27 
8.72 

b 

26 11 
19 19 
54 70 

100 00 

Total 69 95 100 00 75 28 100 00 81 67 100 00 71 36 100 00 70 59 

Right-of-way 30 OS 24 72 18 33 28 64 29 41 

Total cost 
Summary, All Sections 

Rural construction 
Rural right-of-way 

lOOOO 

38 39 
S 08 

0 
49 27 

100 00 

62 50 
7 96 

e 
73 85 

100 00 

65 19 
10 73 

0 
76 82 

100 00 

47 13 
6 32 

0 
58 66 

100 00 

46 51 
6 33 

58 28 

Total rural 43 47 70 55 75 92 63 45 52 84 

Urban construction 
Urban nght-of-way 

39 54 
18 99 

50 73 22 17 
7 28 

26 15 19 67 
4 41 

23 18 33 22 
13 33 

41 34 83 29 
13.87 

41.73 

Total urban 56 53 29 45 24 08 46 55 47 16 

Total construction 
Total nght-of-way 

77 93 
22 07 

100 00 84 76 
15 24 

100 00 84 86 
15 14 

100 00 80 35 
19 66 

100 00 79 80 
20 20 

100 00 

Total cost 100 00 100 00 100 00 100 00 100 00 

r See Table 1, footnote a 
•> In these two parts of the table the percentages listed in these columns refer to the cUssified items, gradmg, surfacing 

and structures 
• In this part of the table the percenUges listed in these columns refer to all items of construction, including those un-

ckssified 

consume 31 percent of all uiban costs. The 
totals are perhaps the most significant items 
in this table. liiose reading across indicate 
that on the rural sections 53 percent of the 
cost 18 accounted for by relocation, 36 per
cent by reconstruction, and over 11 percent 
by widening. Similarly, grading accounts for 
32 per cent of the rural cost, surfacmg for 
33 percent, structures for 23 percent, and 

to grading, 14 percent to surfacmg, 38 percent 
to structures, and 29 percent to right-of-way. 

The most significant contrast between the 
cost leqmrements of the rural and urban sec
tions hes m the fact that right-of-way and 
structures, which absorb only 35 percent of 
rural costs, account for nearly 68 percent of 
urban costs Surfacmg comprises nearly 33 
percent of the rural costs, but less than 14 
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percent of the urban costs. Very high initial 
costs are unposed on urban projects by the 
necessity to make expensive acquisitions of 
occupied land, and to provide for the separa
tion and interchange of the traffic streams 

Table 6 gives a similar percentage distribu
tion with the total cost of all improvements, 
rural and urban, taken as the percentage base. 
The rural sections account for 53 percent of 

percentage distribution of costs of needed 
improvements with respect to the major cost 
elements—^right-of-way, grading, surfacmg 
and structures. 

ANNUAL AMOBTIZATION CHABGES 

The mdicated distnbution of costs of pro
posed improvements on the Interstate High
way System has a message for those who are 

TABLE 4 
NATIONAL SYSTEM OF I N T E B S T A T E HIGHWAYS: P E B C E N T A G E DISTRIBUTION OF COSTS OF N E E D E D 

lUPROVEHENTS, B Y T Y P E OF IMPROVEMENT 

Item 
Type of Improvement Bequind Total 

Classified 
by IVpe 
of Im

provement 

Unclas
sified by 
Type of 

Improve
ment* 

Total Item 
Relocation Recon

struction Wideung 

Total 
Classified 
by IVpe 
of Im

provement 

Unclas
sified by 
Type of 

Improve
ment* 

All Costs 

% % % % % % 
Aural Seetumt 

Construction 
All items 
CIsssified Items only 

51 62 
52 77 

35 17 
35 96 

11 03 
11 27 

97 82 
100 00 

2 18 100 00 

Right-of-way 
All Items 
QasBified items only 

50 18 
52 05 

32 90 
34 12 

13 34 
13 83 

96 42 
100 00 

3 58 100 00 

Total cost 
All Items 
Classified items only 

51 45 
52 68 

34 90 
35 74 

11 30 
11 58 

97 65 
100 00 

2 35 100 00 

Urban Stctiotu 
Construction 

All Items 
Classified items only 

74 25 
77 10 

17 40 
18 07 

4 65 
4 83 

96 30 
100 00 

3 70 100 00 

Rigbt-of-way 
All Items 
Classified items only 

76 58 
82 52 

13 71 
14 78 

2 51 
2 70 

92 80 
100 00 

7 20 100 00 

Total cost 
AU Items 
Classified items only 

74 93 
78 65 

16 32 
17 13 

4 02 
4 22 

95 27 
100 00 

4 73 100 00 

AU Seettoiu 
Construction 

All Items 
Classified items only 

61 06 
62 83 

27 75 
28 56 

8 37 
8 61 

97 18 
100 00 

2 82 100 00 

Right-of-way 
All items 
Classified items only 

68 31 
72 72 

19 72 
21 00 

5 90 
6 28 

93 93 
100 00 

6 07 100 00 

Total cost 
All Items 
Classified items only 

62 52 
64 77 

26 14 
27 08 

7.87 
8 15 

96 53 
100 00 

3 47 100 00 

> See Table 1, and footnote a theieof. 

the cost and the urban sections 47 percent. 
Relocation absorbs 65 percent of all unprove-
ment costs, reconstruction 27 percent, and 
widening 8 percent. Of the greatest mterest 
perhaps is the summary of cost distribution by 
cost elements, m which i t is shown that grad
ing accounts for 26 percent, surfacmg for 24 
percent, structures for 30 percent and right-
of-way for 20 percent 

For both rural and urban sections, and for 
the system as a whole, Figure 3 illustrates the 

inclmed to become terrified at the magmtude 
of the program which is set forth in the report 
"Highway Needs of the National Defense " 
I f we think m terms of the annual cost of own-
mg and perpetuatmg a road system, we must 
reduce the mdicated capital costs to terms of 
annual amortization costs over the predicted 
hfe of the mvestment. I f agam, we are thmking 
m terms of credit financmg, i t is of great im
portance to know, or to predict with reason
able accuracy, the hfe of the mvestment we 
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propose to finance, wholly or in part, by means 
of bond issues. 

Unless a location is abandoned, costs of 
right-of-way and grading are not lost, what
ever happens to the surfacmg and structures. 
I t is reasonable and prudent, therefore, to 
assign to these two cost elements an average 
investment hfe of 100 years. I t is true that 
some of the cost of grading may be lost in 
regiading, but such losses are unlikely to be 
an important factor m high-tjrpe construc-

T A B I . E 5 
NATIONAL SYSTEM O F I N T E B S T A T E HIQHWAYS: 

AFPROXIHATE P E R C E N T A G E DISTRIBUTION 
OF CiOSTS OF N E E D E D IMPROVEMENTS, WITH 
RESPECT TO TOTAL COSTS ON RURiU. AND 
URBAN SYSTEMS, T A K E N SEPARATELY* 1 

Item 1 u 

W
id

en
in

g 

1 
Sural Saedoiw 

Conatruetion. 
Gnding . 
Suifaomg 
Structures 

% 

16 69 
16.07 
18 69 

% 

12 31 
12 67 
6.67 

% 

2 93 
3 94 
3 08 

% 

31 93 
82 68 
23 41 

Total 46 48 31 68 9 92 88.02 
Right-of-way 6 23 4.09 1 66 11.98 
Total cost 

Urian Sedioiu 
Construction: 

Grading 
Surfacing 
Structures 

62 68 

14 22 
9 87 

30 64 

38 74 

3 76 
3 66 
8 33 

11 88 

88 
51 

2 38 

100 00 

18 83 
13 74 
38 32 

Total 64 43 12 75 3 41 70 69 
Right-of-way 24 27 4 38 .79 29 41 
Total cost 78 70 !7 10 4 20 100.00 

* Based on pra-rata 
elements and types of 
Items shown in IVibles I 

distribution, to the several cost 
improvement, of the unclassified 
to4 

tion such as is contemplated for the Inter
state Highway System. 

I t would be possible to select a predicted 
average mvestment life for each item listed m 
Table 6, i.e, gradmg on relocation, gradmg 
on reconstruction, surfacing on relocation, 
etc, and to further subdivide as between 
rural and urban facihties. Because much spec
ulation would be mvolved m such a procedure, 
the much more simple method has been 
adopted of assigning for purposes of illustra
tion m this paper a predicted average invest
ment life to each of the several elements of 
cost, regardless of type of improirement. This 

assignment is as follows: 

Cost Element 
Right-of-way 
Grading 
Surfacing 
Structures 

Yean 
100 
100 
30 
60 

The assignment of a 100-yr. life to right-
of-way and grading has been discussed. The 

T A B L E 6 
NATIONAL SYSTEM OF I N T E R S T A T E HIGHWAYS: 

APPROXIMATE P E R C E N T A G E DISTRIBUTION 
OF COSTS OF N E E D E D IMPROVEMENTS, WITH 
R E S P E C T TO TOTAL COSTS ON RURiU. AND 
URBAN SECTIONS COMBINED* 

Item 1 
3 R

eo
on

-
st

ru
ct

io
n 

W
id

en
in

g 

T
ot

al
 

% % % % 
Rural Seetunu 

Construction: 
Gnding 
Surfacing 
Struotuies 

8.85 
8.52 
7 26 

6.53 
6.72 
3.63 

1.56 
2.09 
1.62 

16.93 
17.83 
12.41 

Total 24 63 16 78 6 26 46.67 
Right-of-way 3 30 2.17 .88 6.35 
Total cost 

Urban Seetunu 
Construction. 

Grading 
Surfacing 
Structures 

27.98 

6.68 
4 49 

14.40 

18.96 

1.76 
1.72 
2.81 

6 14 

26 
.24 

1.10 

63.02 

8.70 
6 45 

18.01 
Tk>tal 26 87 6 99 I 60 33.16 

Right-of way 11.41 2 04 37 13.82 

Total cost 
Seelume 

Construction 
Grading 
Surfacing 
Structures 

36 98 

16 63 
13 01 
21 66 

8 03 

8 29 
8 44 
6 04 

1.97 

1 81 
2 83 
2 72 

46 98 

28 63 
23.78 
30 42 

Total . 60 20 22 77 6 86 79 83 
Right-of-way 14.71 4.21 1 28 20 17 
Total cost 64 91 26 98 8 11 100 00 

•Evaluated by apphcation of percentages given in 
Table 8 to total cost ot needed impiovemento on rural sec
tions, 86,972,900^, and on urban sections 18,293.500^ 
f^vm in leiwrt "Highway Needs of the National Defense," 

selection of 30 yr. for surfacmg and 50 yr. for 
structures was made in the hght of experience 
as mdicated by road-life studies of past con
struction I t should be borne in mmd that 
facihties constructed accordmg to the stand
ards set for the Interstate Highway System 
are not likely to suffer obsolescence to any
where near the degree that has occurred with 
respect to past construction on State highway 
systems generally. Although the values of 
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avemge investment life given above are used 
solely for purposes of illustration, i t is believed 
that they are reasonable and prudent. 

I n Table 7 there is given a odculation of the 
annual amortization charges on proposed im
provements of the Interstate Highway System, 
calculated on the basis of the average invest
ment lives bsted above. For the rural and 
urban sections separately, and for all sections, 
the percentage distributions by cost elements 
^ven in Tables 5 and 6 are applied to the 
total cost of proposed improvements as given 
in Table 1 page 54, of the report, "Highway 
Needs of the National Defense" Division 
by the average mvestment hfe of each cost 
element gives the annual amortization charges 
relatmg to that element and these are added 

n RBHT-Of-WAY 

Figure 3. Approximate Percentage Dlsttl-
butlon of Elements of Cost of Needed Im
provements on the Interstate System 

to the totals. I t will be observed that the an
nual charge for the rural sections is $119 
million, and that for the urban sections is $90 
million, making a total of $209 million for the 
entire system Annual amortization costs per 
mile of road on this basis are $3,545 for the 
rural sections, $25,615 for the urban sections, 
and an average of $5,636 for the entire sjrs-
tem This calculation mdicates an average 
investment hfe of 50 yr for the rural sections, 
58 yr for the urban sections, and 54 yr for 
the entire system 

I n order to obtam at least a rough idea of 
the annual amortization costs per mile of 
travel, i t was assumed that the average travel 
on the Interstate System over a 20-yr. period 
nould be 20 percent above the 1948 estimate 
of potential travel on the system I n the re

port "Highway Needs of the National De
fense" i t was estimated that, if the system 
had been in the desued state of improvement 
m 1948, the rural sections would have carried 
42,380 million vehicle-miles and the urban 
sections 19,735 million vehicle-miles, the total 
for the system bemg 62,115 milhon. This 
amount was considerably in excess of the 
estimate of actual travel on designated Inter
state Highways in 1948, which was 54,705 
million vehicle-miles. The calculation of amor
tization charges assumes the existence of the 
improved system at the beginning of the per
iod. I t IS, therefore, not unreasonable to as
sume an average, over a 20-yr penod, 20 
percent above the 1948 potential traffic Ap-
phcation of this procedure mdicates that on 
rural sections the annual amortization costs 
per vehicle-mile of travel would be 2 345 
mills; that on the urban ^ t e m would be 
3.808 mills; said the average for the entire 
system would be 2 810 mills. These figures 
tend to mdicate that the cost of ownmg an 
improved Interstate System is not hkely to 
be prohibitive. 

Lest undue optimism be aroused, i t should 
be pointed out that Table 7 gives only the 
amortization cost of the capital mvestment 
over its hfe span. Items omitted from the 
calculation are as follows: (1) the annual m-
terest charge which would be present if the 
cost were financed out of borrowed funds; 
(2) costs of maintenance and operation, m-
cluding a pro rata of administrative costs; 
and (3) amortization of the prior investment 
m existing highways now on the Interstate 
System. The purpose of the calculation set 
forth in Table 7 is to put the magnitude of 
the capital costs for proposed improvements 
of the Interstate System into proper per
spective and to suggest that i t wiU not be 
beyond the reach of the American pocketbook 
to own such a sjrstem 

Figure 4 gives in bar-diagiam form the 
amortization costs per mile and per vehicle-
mile for the rural and urban sections and for 
the system as a whole 

ANNUAL EXPENDITURE REQUIREMENTS 

I n order to gain a more practical idea of 
the cost and revenue requirements mvolved 
in the proposed improvement of the Inter
state Highway System, i t is necessary to think 
m terms of a definite program and a definite 
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program period. What would i t cost us each 
year if we were to spread the accomphshment 
of the proposed improvements over a period 
of 20 years? How much would the annual 
bill increase if we were to reduce the program 
to 15 or 12 years? Agam, how would our reve
nue requirements be affected by the alternate 
choice of current revenue financmg or credit 
financing? I f we should adopt a bond-issue 
program, we would expect to accelerate the 
accomplishment, and therefore would reduce 

tamed. The results of these calculations may 
serve as indicators of the annual revenue re
quirements for current-revenue financing of 
the Interstate program over the three dif
ferent program periods. 

Certam imtial steps are required in such 
a calculation. I t is first necessary to add to the 
stated costs of needed unprovements, amount
ing to $11,266 imlhon, allowances for stop-gap 
improvements and replacements occurring 
over the duration of the program period. 

T A B L E 7 
'̂iWIISAIjyiil̂ ¥'"'̂ i2i5' O*" ANNUAL AMORTIZATION CHARGES ON PROPOSED IMPROVEMENTS 
OF T H E I N T E B S T A T E HIGHWAY SYSTEM, AND CORRESPONDING COSTS raRMBLE AND P E R MHIJE 

OF T R A V E L 

Item 

Cost of Needed 
Improvements 
at 1948 Prices 

Estimated 
Average 
Li's of 
Invest
ment 

III Miles 
in 

Amorti
zation 

Cost per 

Estimated 
Average 
Annual 
Travel 

Amorti
zation 

Cost per 
VehicTe-
Mile of 
Travel Per

centage Amount 

Estimated 
Average 
Li's of 
Invest
ment Cost System Mile of 

Road 
over a 
20-yr 

Period* 

Amorti
zation 

Cost per 
VehicTe-
Mile of 
Travel 

Rural Secltmu 
Right-of-way 
Grading 
Surfacing 
Structures 

11 98 
31,93 
32,68 
23 41 

thousand 
dollari 

715,600 
1,907,100 
1,951,900 
1,398 300 

tears 

too 
100 
30 
SO 

thousand 
doUars 

7,156 
19.071 
65.063 
27,966 

« 
million 
vehicle 
mtles 

mtUs 

Total 100 00 5,972,900 (50) 119,256 33,638 3,545 50.856 2 345 
Urban Section) 

Right-of-way 
Grading 
Surfacing 
Structures 

29 41 
18 53 
13 74 
38 32 

1,556,800 
980,900 
727,300 

2,028,600 

100 
100 
30 
50 

15,568 
9,809 

24,243 
40,570 

Total 100 00 5,293,500 (58) 90.190 3,521 25,615 23,682 3 808 
AU Secltona 

Right-of-way 
Grading 
Surfacing 
Structures 

20 17 
25 63 
23 78 
30 42 

2.272 400 
2.888,000 
2,679.200 
3,426,800 

100 
100 
30 
50 

22.724 
28,880 
89 306 
68,536 

Total 100 00 11,266,400 (54) 209,446 37.159 5,836 74.538 3 810 

• The report -'Highway Needs of the National Defense," previously mted, mdicates 42,380 miUion ruisl and 19,786 urban 
vehicle-mUes as ^ potential 1948 travel on tiie system had it been improved to the desired standanb The above oal-
eulation assumes that average travel over the 20-yr poiod would be 20 percent above the 1948 catamate of potential travel. 

the program period to 10 years, 8 years, or 
even less. The outlay of revenue would be 
reduced, since the capital costs would be de
frayed out of bond issues, but the payment of 
debt service would carry on far beyond the 
program penod. 

As a first step in the attempt to answer 
some of these questions. Table 8 gives an illus
trative calculation of the average annual ex
penditure requirements for 12-, 16-, and 20-
yr. programs, respectively, under which the 
proposed improvements would be put mto 
effect and the system operated and mam-

Some roads, scheduled for improvement late 
in the program period, will require mmor 
treatment at an early date, m orider to pre
serve them in operable condition. Other roads, 
not scheduled today as needing improvement, 
will necessarily come up for replacement dur
ing the course of a 12-, 15-, or 20-yr. program. 
The longer the penod lasts, the greater will 
be such expenditures. Procedures for esti
mating stop-gap improvements and replace
ments have been established m the highway-
needs studies conducted by numerous States; 
and a similar procedure, although a necessai ily 
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speculative one, was adopted in this case. 
This adjustment increases the respective cost 
estimates to $12,060 million for the 12-yr. 
program, $12,415 milhon for the 15-yr. pro
gram, and $13,108 million for the 20-yr. pro
gram. 

The costs of proposed improvements on the 
Interstate System are expressed m terms of 
1948 prices The experience of recent months 
indicates the probabihty of a considerable 
reduction of umt prices in the highway field 
during the next few years. I t is necessary, 
therefore, to reduce tiie costs expressed in 

The capital costs adjusted to the predicted 
average price levels of the three program per
iods amount to $9,154 milhon for tiiie 12-yr. 
program, $9,311 milhon for the 15-yr. pro
gram, and $9,713 milhon for the 20-yr. pro
gram. Reduced to aimual charges, these fig
ures become $763 million, $621 niillion, and 
$486 milhon respectively. 

Estimates of maintenance costs are rather 
speculative. The values used were $2,000 per 
mi. for rural sections, and $4,000 per mi. for 
urban sections, at the average price level of 
the 15-yr. period. These umt values should 

THOUSAND 
DOLLARS 

30 
MILLS 

COST PER MILE COST PER VEHICLE-MILE 

Figure 4. Annual Amortization Charges on Proposed Improvements of the Interstate System, 
Based on Assumed Average Investment Lives of Cost Elements 

1948 prices to a predicted pnce level struc
ture. This adjustment was made on the basis 
of an assumed pnce structure dechmng from 
the 1948 high of 209.3 percent of prewar prices 
(1937 to 1941) to a stabihzed value of 150 
percent m 1953. There may be some disposi
tion to question this predicted price-level 
structure on the ground of undue optimism. 
Such predictions are highly uncertam, al
though there is reason to believe that, what
ever the course of general prices, better 
competitive conditions and improvements m 
road-building equipment will result m more 
than proportionate reductions of umt costs m 
the highway field. 

be hberal enough to allow for cost of opera
tion and pohcing, and a pro rata of administra
tion. On this basis, the annual required 
expenditures for maintenance and operation 
amounts to $81 milhon, $67 milhon on the 
rural sections and $14 milhon on the urban 
sections, with minor changes for the 12- and 
20-yr periods. With these costs added, total 
annual expenditure requirements amount to 
$845 milhon for the 12-yr program, $702 
milhon for the 15-yr program, and $566 
milhon for the 20-yr program. For the 15-
yr. program, expenditure requirements on the 
rural system are $396 milhon, and on the urban 
system $306 milhon. I f these programs were 
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T A B L E S 
I L L U S T R A T I V E CALCULATION OF AVERAGE 

ANNUAL E X P E N D I T U R E REQUIREMENTS FOR 
IMPROVEMENT AND MAINTENANCE OF 
m T E R S T A T B HIGHWAY SYSTEM, UNDER 
CONDITIONS OF 12-. 18-. AND 20-YR IMPROVE
MENT PROGRAMS, feEStECTIVELY' 

Per
cent-

12-Yr IS-Yr 20-Yr J * * 
Distn Item PM- Pro Pro- bn-

gram gram gram tion. 
Rural 
and 

Urban 

ffliilion mtUton millKm 
Mian doUare deOare 

Capital oosta at 1948 prices: 
Immediate needs sa found 

Capital oosta at 1948 prices: 
Immediate needs sa found 

in study. 
6,973 Rural 6,973 6.973 6,973 63 02 

Urban 6,293 6,893 6,893 46 98 
Total 11,266 11,268 11,266 100 00 

Additional needs, stopgap 
1,842 

100 00 

and replacement 794 1,149 1,842 

Adjusted total 
Capital casta adjusted to 

12,060 12,416 13,108 Adjusted total 
Capital casta adjusted to 

predicted average pnee 
level of program penodb 9,164 9,311 9,713 

Average annual ezpenchture 
requiremento.̂  

Capital outlay. 
Rural 406 329 268 53 02 
Urban 368 292 228 46 98 

Total 763 621 486 100 00 
Mamtenance and opera

100 00 

tion ° 
Rural 68 67 66 82 69 
Urban 14 14 14 17 81 

Total 82 81 80 100 00 
Total expenditure require-

mente' 
66 41̂  Rural 473 396 324 66 41̂  

Urban 372 306 242 43 69<> 
Total 845 702 666 100 00 

Estimated average annual ^^^^ travel dunng program 
period m million-vehi-
ole-miles* 

Rural 46,618 47,678 48,737 68 23 
Urban 21,708 22,202 22,696 31.77 

Total 68,326 69,880 71,432 100 00 
Estimated average annual 

expenditure per mile of 
travel 

Rural to 0101 to 0083 to 0066 Urban 0171 0138 .0107 
Total 0124 0100 0079 

Estimated average annual 
expenditure per mile of 
road or street, m 81,000 

Rural (38,638 miles) 14 12 10 
Urban (3,621 miles) 106 87 69 

Total (37,169 miles) 23 19 16 

* A similar calculation is given m Table 10b of the Pre-
hminary Report of the Special Subcommittee for Study 
of Hi^way Finance FMUems, American Association of 
State Highway OfBcials, September 1949 Review of the 
date mdicated the desuability of a number of minor changes 
which an emaodied in the above calculation 

•> Values given an based on the assumption of a price 
structura dechmng from the 1948 high of 209 3 peroent of 
prewar (1937 to 1941) to a stabilizeir value of 160 percent 
u 1963. 

to be financed out of current revenues the 
expenditure requirements given in Table 8 
could be taken to represent the average annual 
requirements for revenues to support the un-
provement program. 

In order to put these estimates mto terms 
of annual expenditure (or revenue) require
ments per vehicle-mile of travel, i t was neces
sary to estimate what the average annual 
volumes of travel on the Interstate System 
would be durmg the course of each of the three 
mdicated program periods The problem is 
somewhat different from that of calculating 
the annual amortization charges per vehicle-
mile, which assumes existence of the improved 
system at the beginning of the amortization 
period. 

During a given program period, the Inter
state System will be m a process of transition 
from the existing state of inadequate improve
ment to the proposed state of adequate im
provement. Smce the system as existing m 
1948 earned considerably less traffic than the 
estunated potential 1948 traffic, we should 
not be unduly optunistic m estimatmg what 
the travel volumes would be during the m-
terim conditions of the three program periods. 
For purposes of illustration, ralues of the 
average travel volumes were taken as 110, 
112 5 and 115 percent of the potential traffic 
m 1948 (42,380 milhon rural and 19,735 milhon 
urban) Calculations on this basis mdicate 
that the 12-yr. program could be financed 
out of current revenues by an annual ex
penditure of 12.4 mills per vehicle-mile of 
travel. The 15 yr. program could be financed 
at 10 mills, or one cent, per vehicle-mile, 
and the 20-yr. program could be supported 
by an annual expenditure of 7.9 nuUs per 
nule of travel. For the 15-yr. period, expendi
tures on the rural sjrstem would be 8.3 mills 
per mile of travel and on the urban system 
13 8 mills. 

Annual required expenditures per mile of 
road or street were also calculated. For the 
system as a whole, the 12-yr. program would 

• The estimates of eoste of maintenancB and opentUm 
were hoped on assumed average ooste. at the avenge price 
level of the 15-yr pronom period, of (2,000 mr mi. on the 
rural seetions and 84,000 per mi on the arban sections 

d Values given are for the 16-yr. program period. The 
rural jwrcentages for the 12- and SO-yi. program penoda 
a n 56.98 and 57 24 peraent, respeotivdy. 

• For the 12-, 18-, and 80-yr pnnam periods, respec
tively, values wen taken as 110, 112.5, and 118 peiaant 
of the potential tnvd in 1948 (42,380 million mral and 
19.735 milhon urban). 
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require an annual expenditure of $23,000 per 
mi. The 15-yr. program would require $19,000, 
and the 20-yr. program $15,000. The 15-yr. 
program would require an average expendi
ture on the rural sections of $12,000 per mi., 
and on the urban sections an expenditure of 
$87,000 per mi. 

The annual expenditure requirements of 
the 15-yr. program period are illustrated in 
Figure 5. The actual amounts are shown m the 
left-hand panel, and required expenditures 
Iper vehicle-mile of travel in the nght-hand 
panel. 

with the estimated annual revenue reqmre-
ments of the Interstate Highway System, 
shown m Table 8 to be 12.4 mills per mile of 
travel for the 12-yT. program, 10.0 mills for 
the 15-yr program, and 7.9 mills for the 20-
yr. program. I t is evident that the current 
scale of special motor-vehicle tax payments 
is withm the range of mdicated needs for sup
port of the Interstate System program. 

I t is perhaps more appropriate to make a 
comparison with actual highway expenditures 
in 1948, smce, on the one hand, not all special 
motor-vehicle taxes are used for highway pur-
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TOTAL AMOUNTS AMOUNTS PER VEHICLE-MILE 

Figure 5. Estimated Annual Expenditure Requirements for a 15-Yr. Program of Improvement 
of the Interstate System 

THE INTERSTATE SYSTEM REQUIREMENTS IN 
RELATION TO CURRENT MOTOR-VEHICLE TAX 
PAYMENTS AND HIGHWAY EXPENDITURES 

The estimated total travel of motor ve
hicles in the Umted States m 1948 was 397.6 
bilhon vehicle-miles The amount of State 
road-user taxes paid was $2,105 million, or 
about 5.3 mills per mile of travel I f the Fed
eral excise tax payments of 1,151 milhon 
dollars are added i t is found that State and 
Federal motor-vehicle tax payments in 1948 
amounted to approximately 8.2 mills per mile 
of travel.* These values may be compared 

•See Pubho Roads tables VM-1, "Classified 
Estimate of Travel by Motor Vehicles in the 

poses, and on the other hand, motor-vehicle 
taxes do not supply all of the funds used for 
the support of highways. Estimated expendi
tures on all roads and streets in 1948 were 
$3,142 million, or 7 9 nulls per vehicle-mile 
of travel' The indication of this comparison 

United States in the Calendar Year 1948," 
DP, "Disposition of Receipts from State Im
posts on Highway Users—1948," and E-4, 
"Estimated Amounts of Federal Motor-Vehicle 
Taxes Paid by Highway Users—1948 " 

'See "Preliminary Report of Special Sub
committee for Study of Highway Finance 
Problems," American Association of State 
Highway Officials, September 1949 (mimeo
graphed), Table IB, Part I I I . 
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IS that, if we were to be satisfied with the slow 
progress of a 20-yr program, the proposed 
improvements of tiie Liteistate System could 
be financed out of current revenues at the 
scale of expenditures prevailmg m 1948— 
provided that expenditures were directed to 
the Interstate system in proportion to the 
traffic volumes occurrmg on i t . 

I t IS obvious that this condition is not being 
met today. In his recent address* before the 
American Society of Civil Engineers, Com
missioner MacDonald pointed out that, out of 
the primary and urban funds authorized by 
the Federal-aid Highway Acts of 1944 and 
1948, $362 million had been assigned by the 
end of September 1949, to programmed pro
jects on the Interstate System, havmg an esti
mated total cost of $793 million. This is a 
creditable achievement; but i t represents prog
ress to date of a program that began m 1944. 
Table 8 indicates that a 20-yr. program of im
provement of tiie Interstate System would 
require capital outlays of $486 milhon per 
year. Such a program would only give us, at 
the end of 20 years, an Interstate System 
adequate for its potential traffic m 1948 I f 
the program were accelerated to completion 
m 12 years, annual capital outlays of $763 
milhon, or 12 4 mills per vehicle-mile, would 
be required. 

The indicated requirements for improve
ment of the Interetate System are by no means 
out of Ime with the estimated needs of other 
highway systems. Students of the subject 
have estimated that annual expenditures of 

Annual Expendxture Reqairementt 
Amount per 

Amount Vehide-Mile 
of travel 

mtUum 
•foUart ilaDar* 

Primary rural roads 1,660 0 0093 
Secondary and local 1,228 0219 
City streets 1,525 0065 

Total 4,413 0094 

$4 to $4.5 bilhon would be reqmred to bring 
all roads and streets to a condition of ade
quacy withm a reasonable period of years. 
One such estimate, prepared in the Bureau 
of Pubhc Roads, was set forth and discussed 

•"The National System of Interstate High
ways," by Thomas H MacDonald, Commis
sioner of Public Roads, presented at the fall 
meetmg of the American Society of Civil En-
pneers, Washington, D C , November 3,1949. 

in the recent report of the AASHO Special 
Subcommittee for Study of Highway Fmance 
Problems.' The estimate was made in terms 
of a 15-yr. program. Its findings are summa
rized above. 

I t will be observed that, accordmg to this 
estimate, primary rural roads would require 
an annual expenditure, over a 15-yr. program 
period, of 9.3 mills per mile of travel on them. 
This value is materially greater than the 15-
yr. program reqmrement of the rural sections 
of the Interstate System, shown m Table 8 
to be 8 3 mills per vehicle-mile. The requu%-
ments of the urban sections of the Interstate 
System, 13.8 mills per vehicle-mile, are greater 
than those of primary rural highways, and 
very much greater than those of city streets 
as a whole. On the other hand the requirements 
of secondary and local rural roads, 21.9 mills 
per mile of travel, are far in excess of those of 
the other systems. This finding illustrates a 
tendency, often observed in the analysis of 
highway expenditures and costs, for light-
traffic roads, of which the costs per mile are 
low, to have the highest costs per mile of 
travel. 

Regardless of these comparisons among sys
tems, i t is evident that the Interstate Highway 
System is not alone m requiring outlays greatly 
in excess of those made in recent years. The 
annual requirement of $4,413 milhon, given 
above, is 40 percent greater than the 1948 ex
penditures on all roads and streets of $3,142 
million I t is of considerable importance, there
fore, to determine the extent to which credit 
financing of major improvements may reduce 
the immediate requirements for increased reve
nue, while at the same time accelerating the 
rate of accomphshment 

CHARACTERISTICS OF A BOND-ISSUE FROQRAM 
FOR IMPROVEMENT OF THE INTERSTATE 

HIOHVAT SYSTEM 

The primary purpose of bond-issue financ
ing is to provide for the accelerated completion 
of an improvement program. Limitations on 
the rate of progress are naturally set by the 
availabihty of contractors' organizations and 
road-buildmg equipment, the rates of pro
duction of essential materials, the number of 
trained eng^eermg personnel, the labor sup
ply, and other factors. Considerations of pru
dence and economy may further limit the rate 
of accomphshment. For example, i t may be 

•Op cit., Part I I I , Table 3B. 
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decided that certam highways, judged in
adequate by the most modem standards but 
still reasonably satisfactory accordmg to so-
called tolerable standards, should be preserved 
m their present status of improvement for 
some years to come. Once the dimensions of 
the accelerated program have been fixed, how
ever, the engmeermg and financial planning 
should be geared to a schedule of maxunum 
production, m order that the benefits of the 
improved system may be reahzed by the pub
lic as soon as possible. 

For purposes of illustration a bond-issue 
construction program penod of 8 years has 
been selected, as one which would insure a 
rate of progress far more rapid than that of 
the 12-yr. current-revenue program previously 
discussed For simphcity of comparison i t is 
assumed as apphcable to the entire program 
of improvement of the Interstate System. I t 
can be visualized, however, m proportionate 
dimensions, as apphcable to a part of the 
Interstate System m a given State, selected 
for accelerated unprovement because of the 
urgency of the needs. 

The calculation of amortization charges 
given m Table 7 mdicates, on the basis of the 
values assumed, a probable average mvest
ment life of 50 yr. for the rural sections of the 
Interstate Sjrstem, 58 yr. for the urban sec
tions, and 54 yr. for the system as a whole. 
The issuance of bonds at 30-yr. terms would 
provide a comfortable factor of safety, with 
assurance that the investment m arterial facil
ities would far outlive the debt incurred. Ex
perience with highway bond issues in recent 
years and during the penod preceding the war 
mdicates that general obkgation bonds of the 
States, issued to finance Interstate improve
ments, should be marketable at interest rates 
no greater than 2 percent. I f Ck>ngress should 
implement the recommendation of the Inter
state report that Federal Interstate funds be 
made available for retirement of such bond 
issues, their attractiveness as a strongly 
secured mvestment should be mcreased 

The most common form of highway bond 
issue m recent years has been that of serial 
bonds with equal annual maturities. On such 
an issue the debt service payments decline 
each year as the amount of unpaid principal 
is reduced. Although this procedure tends to 
reduce the sum total of interest charges m com
parison with other types of retirement sched
ule, there is a disadvantage in that the heaviest 

charges for debt service occur during the early 
years, when the revenue earnings of the system 
are likely to be much lower than m subsequent 
years. Annuity bonds, issued under terms not 
unlike those providmg for monthly payments 
on a home mortgage, have the advantage that 
the sum of interest and principal payments is 
equahzed over the entire life of the issue. 
Figure 6 illustrates the schedule of interest and 
pnncipal payments on an annmty bond issue 
of $1 billion, with a term of 30 years at 2 per
cent mterest. The annual charge for debt 
service on such an issue is 4 465 per cent of the 
principal. The effect of steadily decreasing in-
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Figure 6. Debt Service on a 30-Tr. Annuity 
Bond Issue of $1 billion at 2 Percent 

terest payments and steadily increasmg re
tirements IS readily observed on the chart. 
I n the illustrative calculations discussed m the 
following paragraphs, debt service charges 
were computed on the annuity basis. 

On the assumption that the entire cost of 
proposed improvements on the Interstate Sys
tem would be financed by the issue of bonds, 
the magmtude of the required issue was com
puted as follows: 

mUtvm 
dollars 

1. Total improvement needs 
at 1948 prices 11,266 

2. Stopgap improvements and 
replacements during 8-yr 
construction period 392 

3 Total capital outlay at 
1948 prices 11,658 

4 Total capital outlay, re
duced to average price 
level of 8-yr. period 9,105 

Bonds for an 8-yr. construction penod would 
not be sold all at once, but would be marketed 
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over the entire 8-yr. period as the need for 
additional construction funds arose. For sim-

T A B L E g 
ILLUSTRATION OF A PROGRAM FOR FINANCING 

T H E IMPROVEMENT OF T H E I N T E R S T A T E 
HIGHWAY SYSTEM E N T I R E L Y OUT OF BOND-
ISSUE FUNDS, I N COMPARISON WITH 12-, I5-, 
AND 20-YR. Cl fRRENT-REVBNUE PROGRAMS* 

Item 

Total capital cost, 
87 annual pay
ments 

Average per year, 
entve penod 

Debt service, in
dividual yean 

5th 
10th 
20th 
30th 
3tth 

Average annual ex
penditure re
quirements. 

1st 8 yr (eon-
struction pe
nod) . 

Ist 12 yr. 
Ist IS yr. 
Ist20yr 

Averaoeannual ex
penditures under 
program fi
nanced out of 
eunent reve
nues' 

12-yr. program 
15-yr program 
20-yr. program 

Capital Requirements 
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mii- mil mii- miZ- fflii-
Iton lion Itm Iioa Iton 
dol M- dol •lol- dol-
lars lor* lars lors Ittri 

9,105 >,0B1 12,196 

246 84 380 

154 114 268 
252 155 407 
307 100 407 
874 83 407 
184 5 139 

138 100 
24? 

238 85 
176 118 24? 818 82 
196 121 84̂  351 81 
220 119 49"' 388 80 

763 768 82 
621 621 81 
486 486 80 

l l 
IIM<-

iol-
Ian 

323 
400 
432 
468 

845 
702 
666 

Ratios of avenge annual requinments, bond-issue 
to ounent-ravenue programs 

12-yr program 0 473 
15-yr program 0 616 
20-yr program 0 827 

* Terms of bond issue 81,200 miUion issued in each of 
7 successive yean and 8705 million in 8th year, annmty 
bonds, with total debt-servios inyments on each Issue 
equalised over a penod of 30 yean 

b EsUmated values, averaged over the 12-, 15-, and 20-
yr periods, respectively, of replscements occumng after 
the termination of the S-yr bond-issue construction pe
riod During the early yean most of these expenditures 
would be made for replacements of presently existing con
struction not scheduled for replacement dunng the eoune 
of the bond-iaaus program, 

° Bee Table 8 

phcity of calculation i t was assumed that the 
sequence of bond issues would be as follows: 

miUion 
dollars 

7 successive annual issues at 
$1,200 million each 8,400 

1 issue, in the 8th year, of $705 
milhon 705 

Total 9,105 

Each issue would be sold on January 1 of 
the year of issue, with interest at 2 percent 
and equahzed debt service payments over a 
penod of 30 yr. Table 9 summarizes the debt 
service requirements under these terms of 
issue Payments would be made over a period 
of 37 y r , at a total mterest cost of $3,091 
milhon, makmg the entire capital cost, $12,196 
milhon, 8 25 percent above the reported 

Figure 7. Debt Service for $9,105 Million 
Bond Issue to Finance 8-Yr. Construction 
Program on Interstate System 

amount of immediate needs at 1948 prices 
Average annual debt service charges over the 
entu-e amortization period would be $330 
milhon, $246 million m principal payments 
and $84 milhon in mterest 

The schedule of debt service payments is 
also illustrated m Figure 7 Because of the 
staggering of the issues over the 8-yr. con
struction period, the required payments would 
gradually rise to the maximum (and there
after constant) value of $407 milhon m the 
8th yr. after tiie date of the first issue After 
the 30th yr the payments begm to drop, as 
each of the successive issues becomes fully 
retired. Under this scheme of issues and retire
ments the annual mterest payments take the 
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general form of a skewed curve, maximum 
payments occiuring m the 8th year. 

I t is a frequent practice to defer the initial 
retirements on a bond issue until several 
years after the date of issue. I n the case at 
hand i t might be a wise procedure to defer all 
retirements until after the 8th year, and use 
for direct capital outlay the revenues avail
able for retirement, thereby cutting down the 
total amount of the bond issue On the other 
hand the practice of be^nning retirements 
one year after the date of issue 1 ^ been rather 
common in the case of highway bond issues, 
because of the availabihty of road-user reve
nues for debt service. The latter procedure 
has been used in this instance, for the sake of 
simplicity. 

COMPARISON OF BOND-ISSUE AND 
CURBBNT-BEVENUB PROGRAMS 

I t IS of mterest to compare the annual ex
penditure requirements under such a bond-
issue program with corresponding require
ments under the 12-, 15- and 20-yr. programs 
illustrated in Table 8, on the assumption that 
the latter would be financed entirely out of 
current revenues. I n the three lower sections 
of Table 9 the average annual expenditure re
quirements for the first 12, 15, and 20 years, 
respectively, of the bond issue program are 
compared with the annual requirements of 
the current-revenue programs of correspond
ing periods A graphic comparison is presented 
in Figure 8. 

I n order to make the comparison truly indic
ative, estimates (necessarily very rough) were 
made of the cost of replacements occumng, 
under the bond-issue program, during the 
years followmg the close of the 8-3rr construc
tion penod, i e., from the 9th to the 12th, the 
9th to the 15th, and the 9th to the 20th yr., re
spectively. These replacement requirements 
include: (1) replacement of presently existmg 
construction not scheduled for improvement 
under the bond-issue program; and (2) re
placement of new (bond-issue) construction, 
which would accumulate very slowly in the 
early years, but would be subject to upgrading 
upon replacement, because of increased traffic 
reqturements These estimated replacement 
costs were averaged over the 12-, 15-, and 
20-yr., periods respectively; and added to the 
debt service charges to give the total capital 

requirements for the three periods. The 
amounts so added were $24 million for the 
12-yr. period, $34 million for the 15-yr. period, 
and $49 milhon for the 20-yr. period." 

Average annual revenue requirements dur
ing the first 12 years of the bond-issue program 
would include $318 million of capital costs in 
the form of debt service and replacements, 
and $82 million for maintenance, making a 
total of $400 million. Under a 12-yr. program 
financed out of current revenue, the cor
responding requirements would be $845 md-
lion, more than twice the indicated needs under 
the 8-yr. bond-issue program. For the first 
15 years the average annual requirement under 
the bond-issue program would be $432 million, 
or 0 615 times the requirement under a 15-yr. 
current-revenue program. The correspondmg 
comparison with a 20-yr. current-revenue pro
gram gives a ratio of 0.827. 

These comparisons need some interpreta
tion. For example the advantage, in annual 
revenue requirements, of the bond-issue pro
gram over the 20-yr. current-revenue program 
seems relatively small. The fact is, however, 
that the bond-issue program would have ac
complished the complete improvement of the 
Interstate system m the first 8 years. Motor-
vehicle users would have been enjoying the 
benefits of an unproved system for 12 years; 
whereas, under the 20-yr. current-revenue pro
gram, this condition would prevail only after 
the 20th year. Under the bond-issue program 
the users would derive much greater benefits 
from savmgs m operatmg costs and other 
factors; and the States, because of the traffic-
generating capacities of high-grade improve
ments, would be in a much better position 
with respect to revenues. 

There is another side to the picture, how
ever. Debt-service charges would remam at 
the constant level, $407 million, through the 
30th year, and would continue in decreasing 
amounts for another 7 years. Replacement 
costs, already of significant magnitude in the 
20th year, would continue to climb. Because of 
the long-Uved character of the proposed im-

>• Estimated replacement requirements after 
the 8th yr. range from $66 million m the 9th 
yr. to $101 million in the 20th yr Averaging 
over the entire 12-, 15-, and 20-yr. program 
periods, respectively, accounts for the ap
parently low values given in Table 9 
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provements i t is unlikely that replacement 
costs would become embarrassingly large be
fore the liquidation of the bonded debt. In 
planning a bond-issue program, however, i t is 
the part of prudence to estimate probable 
costs of replacement over a considerable period 
in the future With the aid of this information 
the maturity schedule can be so arranged that, 
after completion of the bond-issue construc
tion program, debt service charges will dimm-

COMBINATION OF BOND-ISSUE AND 

CURRENT-REVENUE PROGRAMS 

As has been mentioned, a number of States 
are restramed by constitutional provisions 
from incurring debt for public improvements; 
and others, for one reason or another, are un-
hkely to look with favor on credit financmg 
of their improvement programs on the Inter
state Highway Sjrstem. I f the Congress, in 

I MAINTENANCE AND OPERATION 

I CAPITAL OUTLAr OUT OF CURRENT REVENUE DOLLARS 

IE-YEAR PROGRAM 
CURREN REVENUE 

15-YEAR PROGRAM 
CURRENT REVENUE 

eO-YEAR PROGRAM 
CURRENT REVENUE 

BOND ISSUE 
FIRST to YEARS BOND ISSUE, 

FIRST IS YEARS BOND ISSUE 
RRST IE YEARS 

Figure 8. Comparison of Current Revenue and Bond Issue Pronams for Flnaaclne Improve
ment of Interstate System 

ish each year m amounts approxunately equal 
to the predicted mcrease m replacement 
charges, thus equahzing total capital reqmre-
ments (rather than mterest and prmcipal 
only) over the entire period. This scheme could 
be modified by providing for gradually m-
creasmg capital payments supported out of 
increased revenues. Its essential feature is that 
it insures a gradual transition from bond-issue 
financing of the mitial improvement program 
to current-revenue financmg of the replace
ment program. 

response to the recommendation of the Inter
state Report, should enact legislation designed 
to encourage and facilitate boirowmg for Inter
state improvements, a fairly wide-spread adop
tion of this policy may be expected. I t is im-
hkely, however, that there will be anything 
hke 100 percent bond-issue financmg of the 
Interstate System. 

I t IS somewhat difficult to visuahze the ef
fect on annual revenue lequuements of a com
bination of borrowing and current-revenue 
financing. The example given in Table 10 
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is based on the assumption that one-half of 
the program would be financed out of bond 
issues, under the same terms as those illus
trated in Table 9; and the other half out of 
current revenues on the basis of the 15-yr. 
program outlined in Table 8. The items of 
each of the two programs are halved, and 
added to totals in the righthand colunm of the 
table. The indicated annual revenue require-

TABLE 10 
ILLUBTBATTON OF A 15-YR PROGRAM FOB 

IMPBOVEMENT OF T H E INTEBSTATE HIGH-
WAY SYSTEM. FINANCED 50 PEBCENT OUT 
OF BOND ISSbES A N D SO PEBCENT OUT OF 
CUBBENT REVENUES* 

Annual Revenue Requirements 

Principal payments 
Interest payments 
Diieet capital outlays 

Total capital requirements 

Maintenance and operation 

Total revenue requirements 

Bond-
Issue 
Pro-
gram 

Cur-
rent-
Bev-
enue 
Pro
gram 

Total 

mUlion 
dollars 

mtUton 
dollars 

mtZlion 
dMara 

98 
" i . 
n*" 311 

98 
60 

328 

175 an 486 

41 40 81 

216 351 567 

* See Tables 8 and 9 
" Average annual value, over the 15-yr penod, of cost 

of replacements occumng after the close of the 8-yr.bond-
issue construction penod 

ments, $567 million, are 808 jiercent of the 
corresponding requirements of $702 nulhon 
under a 15-yr. program financed entu^ly out 
of current revenues I t will be noted also that 
annual Federal authorizations of $250 million 
would finance the Federal share of a 50-50 
construction program, with a small margm 
for contingencies. 

SUMMARY 

There are undeniable advantages m the use 
of credit financing to accelerate the improve
ment of arterial highway facilities. Only by 

this means can the funds be obtained to insure 
a maximum rate of accomplishment. Earlier 
completion of the arterial program will m-
crease the savings and other benefits derived 
by highway users, generate increased traffic 
on the arterial system, and provide additional 
revenues for its support. For these advantages 
a price is paid in the form of increased total 
costs because of interest charges; but a pro
gram wisely conceived and executed should 
result in benefits to the users far m excess of 
the increased costs. 

Analysis of the data regarding the costs of 
proposed improvements on the Interstate 
Highway System indicates that their average 
investment hfe would be in the neighborhood 
of 50 years The adoption of an 8-yr. construc
tion program, financed out of bonds issued for 
a term of 30 years, would bnng the advantages 
of a fully improved system to the Amencan 
pubhc at an early date. The annual revenue re
quirements for such a program would be much 
less than those of current-revenue programs 
designed to complete the same improvements 
over periods of 12, 15 or 20 years. I f such a 
bond-issue program is adopted, wholly or m 
part, the bond re tu^ent schedules should 
be designed and managed so as to bring about 
a gradual transition from bond-issue financ
ing of the initial improvement program to 
current revenue financing of the replacement 
program 
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