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ECONOMICS, FINANCE AND ADMINISTRATION

Financial Planning for an Expanded Highway

Program

G. P. St. Crair and
T. R. Topp
Bureau of Public Roads

Of the nationwide estimate of $101 billion in immediate highway needs, $45 billion
were found on the federal-aid systems below the level of the interstate; and $33 billion
on roads and streets not eligible for federal aid. Engineering plans to meet these needs
must be matched by equally adequate financial plans. A successful finanecial plan
should (1) provide for completion of the accelerated highway improvement program
within the desired number of years; (2) take care of maintenance, administration, and
other regular commitments of the highway department; (3) meet interest and principal
charges on the debt, if any, incurred in financing the program; and (4) provide sufficient
additional revenues to meet the gradually increasing needs for the replacement and
expansion in the years following completion of the program.

A technique for the examination of alternate financial plans, familiarly known as
the “cut-and-fill”” method, was applied to the needs of the federal-aid systems (other
than interstate) as they might be found to exist in an average state. The indications are
that substantial increases in the rates of state taxes for highways must be brought
about if these systems are to be improved to adequacy within a reasonable number of
years. Financing with eurrent revenues only would require drastic tax increases during
the period of the accelerated program, with the prospect of a considerable reduction
after its close. By resort to bond issues such a program may be financed by a relatively
moderate increase of tax rates extending over the entire period of the bond issue. Al-
though the problem will be found different in each state and the decisions made will be
governed by prevailing fiscal policy, the procedures for eritical study of different financ-

ing proposals are applicable in all cases.

@® RECENT studies of highway needs have
supplied us with the figure of 8101 billion as
the investment necessary for an adequate road
and street plant. Not unnaturally the spot-
light has been thrown upon the federal aspects
of the problem, and especially upon the
financial requirements of the National System
of Interstate Highways. It is the purpose of
this paper to examine the needs of the highway
systems below the interstate level, in an effort
to gauge the nature and magnitude of the
financing problem as it would confront the
average state.

NEEDS OF THE SEVERAL ROAD AND
STREET SYSTEMS

In Figure 1 we have a perspective on the
nationwide highway problem as the estimates

were worked out in the study of 1954. High-
way systems are grouped into three classes—
the interstate system, other highways eligible
for federal aid, and non-federal-aid highways,
chiefly county and local roads and streets. Of
the $101 billion (8100 billion in the continental
TUnited States) in estimated 10-year needs,
the interstate system, as it was constituted in
1954, claims slightly less than a quarter. The
recent addition of 2,300 miles in urban arcas
will probably raise the $23 billion estimate by
$4 or 85 billion, part of which will be a net
addition to the grand total. The needs of other
federal-aid highways total nearly 845 billion—
not far from half; and those of non-federal-aid
roads and streets, $33 billion, or about one-
third.

A facet of the problem that has perhaps re-
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Figure 1. A summary of highway needs, 1955-1984.
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Figure 2. Needs of the federal-aid systems other than interstate, 1955-1984, with extended forecast to 1994.

ceived too little attention is that of the require-
ments for replacement and for increased
highway capacity after the completion of the
catch-up program of accelerated highway
construction. Roads—even the best of them—
neither endure nor remain adequate forever.
Figure 1 shows by 5-year intervals the accrual
of construction needs during the 20 years

following the close of the projected 10-year
improvement effort. Summation of the 5-year
totals reveals that $114 billion in replacement
and expansion needs will come due during this
20-year period—a total somewhat greater than
the needed investment during the initial
10-year effort.

In Figure 2 the needs of federal-aid high-
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ways, below the interstate level, are set forth
for the primary rural system, for the secondary
system and for the federal-aid highways in
urban areas. For the 10-year catch-up period
the neceds of the primary rural system are
estimated at slightly less than $20 billion;
those of the federal-aid secondary system at
about $15 billion; and the claims of the fed-
eral-aid urban group are set at nearly $10
billion.

Here, even more than in Figure 1, the ac-
cruing needs after the close of the initial in-
vestment period compel attention. During the
period 1965-84 federal-aid primary rural roads
(other than interstate) will require expendi-
tures of $25 billion for replacements and ex-
pansion, an amount exceeding the needs of the
10-year accelerated program by 25 percent.
The urban routes, requiring as they do rela-
tively large expenditures for the long-lived
elements, right-of-way and structures, makes
relatively modest demands during the 20-year
period; but the secondary system requires $21
billion, nearly 40 percent in excess of the out-
lay during the 10-year catch-up period.

The two sets of bars at the right of the graph
give an indication of the accrual of highway
needs in the two 5-year periods between 1985
and 1994. Although the values given do not
have high standing as a forecast, it can be

said that if normal expectancies with respect
to needed replacement and needed additions
to capacity come to pass, the highway needs
during the fourth decade will be something
like those shown in the chart. Long-term pre-
dictions such as this are useful in financial
planning.

Figure 3 shows the needs-accrual profiles
for roads and streets not eligible for federal
aid, with a similar projection of the forecast
to 1994. Here the ratios of replacement and
expansion needs to those of the initial program
are relatively rather high. It is clear that on
these lower highway systems the demand for a
short-term catch-up program is less urgent
than on the systems of greater traffic impor-
tance; but the need for a sustained effort over
the long pull is plainly evident. This is espe-
cially true of the rural group, which includes
some state highways, but mostly county and
local roads. Replacement and expansion needs
are very substantial even in the decade follow-
ing the 10-year accelerated program. The ex-
tended forecast hints that needs in the fourth
decade will be even greater than those of the
first decade, or catch-up period.!

1 A more thorough discussion of the estimated needs of
the several road and street systems, as found in the study
made pursuant to Section 13 of the Federal-Aid Highway
Act of 1954, is given in the report, ‘‘Needs of the Highway
Systems, 1955-84," House Document No. 120, 84th Congress,
18t Session.
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Figure 3. Needs of road and street systems not subject to federal aid, 1955-1984, with extended forecast to 1994,
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LE 1

ESTIMATED HIGHWAY NEEDS!, IN § BILLION OF ALL ROAD AND STREET SYSTEMS
IN CONTINENTAL UNITED STATES, BY 5-YEAR INTERVALS, 1955-1994

Needs of 10-Year Replacement and Expansion Needs
Catch-Up Period Following 10-Year Catch-Up Period
Grand
System Total
1955- | 1960 |10-Year | 1965- | 1970- | 1975- | 1980 | 1985—| 1990—
1959 | 1964 | total | 1969 | 1974 | 1979 | 1984 | 1989 | 1994
Interstate system:
Rural......... 5.0 7.5 12.5 0.4 0.9 1.4 2.4 3.4 3.8 24.8
Urban.. 4.2 6.5 10.7 0.3 0.7 1.3 2.2 2.9 3.1 21.2
Total. ..o 9.2 | 14.0 23.2 0.7 1. 2.7 4.6 6.3 9 46.0
Other federal-aid highways:
Primary
Rural ..o 7.9 11.8 19.7 5.1 55| 67! 7.6 7.7 8.2 60.5
Urban. .. .. 3.9 6.0 9.9 2.2 25| 2.9 3.3 | 3.4 3.6 27.8
Total.. ..o 11.8 | 17.8 29.6 | 7.3 0| 9.6 |10.9|11.1]11.8 88.3
Secondary:
On state highway systems....................... 3.9 | 6.1 10.0 2.5 2.9 35| 3.7| 3.8| 4.1 30.5
Not on state highway systems................... 2.0 | 2.9 4.9 1.7 1.8 2.2 | 2.4| 2.5| 2.6 18.1
Total .. ... . 5.9 9.0 14.9 4.2 4.7 5.7 6.1 6.3 6.7 48.6
Total other federal-aid. . .......................... 17.7 1 26.8 44.5 | 11.5 | 12.7 | 15.3 | 17.0 | 17.4 | 18.5 | 136.9
Total, all federal-aid highways. . .................... 26.9 | 40.8 67.7 | 12.2 | 14.3 | 18.0 | 21.6 | 23.7 | 25.4 | 182.9
Non-federal-aid roads and streets:
Other state:
Rural 1.5 2.2 3.7 1.1 1.1] 14| 16| L.7| 1.7 12.3
Urban 0.7 | 1.1 1.8 | 0.4 0.4| 04| 0.5| 05| 0.6 4.6
Total ..o 2.2 | 8.3 5.5 1.5 1.5 1.8 2.1, 2.2 | 2.3 16.9
County and local ruralroads...................... 5.3 7.9 13.2 43| 48] 58 6.5 6.7 7.1 48.4
Local urhan streets........ ... ..o, 5.5 8.4 13.9 3.9 4.3 5.2 6.0 6.1 6.4 45.8
All non-federal aid:
Rural .. 6.8 | 10.1 16.9 | 5.4 59! 7.2 81| 8.4 8.8 60.7
Urban. .. ... e 6.2 9.5 15.7 4.3 47| 56| 6.5| 6.6 7.0 50.4
Total. .. ... o 13.0 | 19.6 ) 32.6 9.7 110.6 | 12.8 | 14.6 | 15.0 | 15.8 | 111.1
Grand total, all roads and streets.................... 39.9 | 60.4 i 100.3 | 21.9 | 24.9 | 30.8 | 36.2 | 38.7 | 41.2 | 294.0

1 The estimates of highway needs presented in this table are also given, in more abbreviated form,

in the report ‘‘Need

of the Highway Systems, 1955-84,” House Document No. 120, 89th Congress, 1st Session, with the exception that the forecast

of future needs is here extended through the year 1994.

The data shown graphically in Figures 1, 2
and 3 are presented numerically in Table 1.

REQUIREMENTS OF FINANCIAL PLANNING

These several needs profiles have been ex-
hibited in order to underline the long-term
character of the highway finance problem. In
devising an accelerated program to satisfy
immediate needs, no state can afford to neglect
the accrual of further capital requirements in
the years that follow. The task of financial
planning, thus complicated by the necessity
to peer into the future, is of equal difficulty
and stature with that of engineering planning.
An unusual combination of technical pro-
ficiencies, combining engineering, economics,
and statistics, is needed for this work, both
in the research and planning staffs of the high-

way departments and in the experts who may
be called in as investigators or consultants.
A successful financial plan must meet four
requisites: First, to provide for completion of
the accelerated highway improvement pro-
gram within the desired number of years;
second, to take care of the expenses of mainte-
nance, operation, administration, serviee of
pre-existing debt, and other regular commit-
ments of the highway department; third, to
meet interest and principal charges on the
debt, if any, incurred in financing the new
program; and fourth, to provide sufficient ad-
ditional revenues to meet the gradually in-
creasing needs for replacement and expansion
in the years following completion of the pro-
gram. The character of the plan best suited to
a given situation is largely dependent on the
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relative magnitudes of the immediate highway
needs and those that will accrue in later years.
The alternatives range from current-revenue
finaneing to a long-term bond-issue program.

THE CUT-AND-FILL CONCEPT

A method of analysis designed to produce a
plan meeting these requirements has become
familiarly known as the cut-and-fill method.
In schematic form the concept is illustrated by
Figure 4. The heavy curved line traces the pro-
file of highway needs: First, those of the initial
accelerated or catch-up period, 1956-65; and
second, those of the ensuing three decades,
during which the needs for replacement and
upgrading or expansion of the system develop
only gradually. It is evident that a needs pro-
file of this shape lends itself readily to a sys-
tem of financing whereby a large bond issue
sold during the initial construction period can
be retired during the ensuing period when re-
placement and expansion needs are at a
minimum.

By inspection the year 1994 was taken as
the limit of the bonding term, since the rate of
increase of needs accruals begins to fall off at

about that time. The straight heavy line repre-
sents the rate of revenue supply that will
exactly balance needs at the year 1994—it
subtends the same area as the profile of high-
way needs. The area above this line, lying be-
tween the years 1956 and 1965, represents
bonds issued. The area—equal in size—lying
below it and above the needs curve and span-
ning the years 1966 to 1994, represents bonds
retired. The representation is completed by
computing interest—at 2 percent in this ex-
ample. The total revenue requirements of the
program are traced by the broken black line.
Although the solution is greatly oversim-
plified in Figure 4, it will be observed that,
granted the validity of the needs-accrual pro-
file, the financing illustrated on the chart is
entirely prudent, since the rate of increase of
revenue supply is greater than the rate of in-
crease of aceruing needs at the year 1994.2

2 For somewhat similar treatments of bond-issue financ-
ing in relation to the acerual of highway needs see Bertram
H. Lindman, “Supplemental bond financing for acceleration
of the Ohio highway program,” Ohio Department of High-
ways, 1951; and J. P. Buckley, Automotive Safety Founda-
tion, “Economics of alternative highway programs,” pre-
sented before the American Society for Engineering
Education, at Pennsylvania State University, June 1955.
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Figure 4. Illustration of the cut-and-fill concept in financial planning for hishways.
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APPLICATION OF THE PRINCIPLE TO
FEDERAL-AID SYSTEM NEEDS

Application of the cut-and-fill principle to
an actual situation requires a method of suc-
cessive approximations whereby the existing
highway needs, the bond issue, and the re-
quired revenues are brought into a consistent
relationship. The major ingredients are a
long-term profile of highway needs and a
forecast of available highway revenues, at
existing rates, over the same period of years,
both dependent for their validity upon an
adequate forecast of travel volumes. The re-
sult is not a decision of policy, but, in effect,
the determination of the maximum prudent
bond issue and the minimum prudent increase
in the level of highway taxes that will finance
the needed improvement program.

To illustrate this method of analysis, the
needs of the federal-aid systems (exclusive of
the interstate) in an average state have been
taken. The dimensions of the problem are not
dissimilar to those of the state highway sys-
tem in such a state, since there are state
highways not on the federal-aid systems and,
conversely, federal-aid secondary highways
not on the state systems. For reduction to the
scale of an average state, nationwide figures, in
general, have been divided by 50. .

Figure 5 gives three alternate needs-accrual
profile curves for the combined federal-aid
systems (primary rural, primary urban, and
secondary) in an average state. Corresponding
data arc given in Table 2. Since the year 1955
is behind us, the time period is taken as 1956—
1995. The original nationwide highway needs
study was based on the assumption of a 10-
year catch-up program. In this chart, how-
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Figure 5. Needs of the federal-ald systems (exclusive
of interstate) in an average state.

ever, the alternates of a 12-year and a 15-year
program are also contemplated. In making
the choice between them, a state would have to
weigh the advantages of achieving adequacy
at an early date against the difficulties, in
financing, in manpower, and in industrial and
organizational capacity, of a rapidly stepped-
up program.

Because of the probability that a program
to be legislated and put into motion in 1956
would have only a minor effeet on construction
expenditures in that year, the value $48.5
million, predicted on the basis of recent trends,
was taken as the 1956 total for all three pro-
grams. In each casc the expenditures of the
cateh-up program period have been scheduled
S0 as to rise to a maximum and then recede
toward the relatively low level of annual re-
placement and expansion requirements during
the years immediately following the conclusion
of the aceclerated progran.

The differences among the three initial pro-
grams are apparent: Average annual expendi-
tures for the 10-, 12-, and 15-year catch-up
programs are, respectively, $89, $81, and 8§73
million. Their cumulative totals, $893, $970,
and $1,098 million, respectively, differ be-
cause of the accrual of further needs during
the longer program periods. Bevond the year
1973 the differences in the accerual of needs
are not great. For that rcason, and to avoid
confusion in the plotting, only the profile of
necds for the period following the 12-vear
program is shown.

REVENUES PREDICTED AT EXISTING RATES

In Table 3 and Figure 6 we have the second
major ingredient of the recipe—highway reve-
nues available to the federal-aid systems (ex-
clusive of interstate), as predicted at current
tax rates. The left-hand panel shows them
classified by source; the right-hand panel by
objcet of expenditure. The predicted revenues
rise from $51 million in 1956 to $76 million in
1975 and $100 million in 1995.

By far the largest proportion comes from
state revenues—69 percent in 1956, rising to
78 percent in 1975 and 83 percent in 1995. In
the year 1954, state-government revenues for
highways were derived 93 percent from road-
user taxes, 4 percent from highway tolls, and
3 percent from general-fund appropriations
and miscellaneous sources. For these calcu-
lations user-tax revenues were predicted on the



TABLE 2
ESTIMATED 10-, 12-, AND 15-YEAR CATCH-UP PROGRAMS FOR THE COMBINED FEDERAL-AID

SYSTEMS (EXCLUSIVE OF INTERSTATE) IN AN AVERAGE STATE, TOGETHER WITH

FORECASTS OF REPLACEMENT AND EXPANSION NEEDS THROUGH 1995

10-Year Program

12-Year Program

15-Year Program

Estimate Estimated Estimated
Time period system Time period system Time period system
needs needs needs
$ millio $ million § millio
1956 48.5 1956 48.5 1956 48.5
1957 60.4 1957 57.2 1957 52.8
1958 76.1 1958 66.8 1958 58.2
1959 91.9 1959 77.4 1959 64.7
1960 106.7 1960 87.9 1960 71.7
1961 112.7 1961 96.6 1961 79.3
1962 112.8 1962 101.4 1962 86.3
1963 107.9 1963 101.3 1963 90.1
1964 97.6 1964 97.3 1964 91.0
1965 78.2 1965 90.4 1965 89.8
1966 79.7 1966 87.0
10-year total 892.8 1967 66.0 1967 83.0
1968 75.8
Average, 1956-65 89.3 | 12-year total 970.5 19?9 ggg
1970 .
10-year total, 1966-75 496.0 | Average, 195667 80.9
Average, 1966-75 49.6 15-year total 1,098.1
Amount in 1975 56.6 | 8-year total, 1968-75 407.5
Cumulative total, 1956-75 1,388.8 | Average, 1968—75 50.9 | Average, 1956-70 73.2
Amount in 1975 56.2
10-year total, 1976-85 656.2 Cumulative total, 1956-75 | 1,378.0 | 5-year total, 1971-75 261.8
Average, 1976-85 65.6 Average, 1971-75 52.4
Amount in 1985 68.9 | 10-year total, 1976-85 653.4 | Amount in 1975 55.8
Cumulative total, 1956-85 2,045.0 ﬁverag 1976-85 65.3 Cumulative total, 1956-75 | 1,359.9
e t in 1985 68.9
10-year total, 1986-95 727.7 Cumula: t e total, 1956-85 | 2,031.4 | 10- y r total, 1976-85 652.6
Average, 1986-95 72.8 Average, 1976-85 65.3
Amount in 1985 77.4 | 10-year to t 1, 1986-95 726.8 Amo nt in 1985 69.9
Averag 986-05 73.7 Cumula t e total, 1956-85 | 2,012.5
Grand total, 1956-95 2,772.7 Amount m 1995 77.1
10-year total, 1986-95 735.0
Grand total, 1956-95 2,758.2 | Average, 1986-95 72.5
Amount in 1995 76.6
Grand total, 1956-95 2,737.5
TT T 711 R ”
SOURCES APPLICATIONS
20— 120
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TABLE 3
PREDICTED REVENUES (IN $§ MILLION) OF AN AVERAGE STATE, AVAILABLE FOR THE
COMBINED FEDERAL-AID SYSTEMS (EXCLUSIVE OF INTERSTATE) FOR THE YEARS
1956-95, ASSUMING THE CONTINUATION OF CURRENT RATES OF TAXATION

By Source By Application (12-Year Program)
. . 1
Time period Gi{:ge;{:?ga Ser; ice of Main- Revenue
s re- tenance |availableffor
Federal-aid State Local existing |and admini-| capital
debt stration outlay
1956 51.0 14.0 35.4 1.6 3.7 15.9 31.4
1957 52.3 14.0 36.7 1.6 4.0 16.6 31.7
1958 53.7 14.0 38.0 1.7 3.9 17.4 32.4
1959 55.0 14.0 39.3 1.7 3.8 18.3 32.9
1960 56.4 14.0 40.6 1.8 3.7 19.2 33.5
1961 57.7 14.0 41.9 1.8 3.7 19.9 34.1
1962 59.0 14.0 43.2 1.8 3.5 20.4 35.1
1963 60.3 14.0 44.4 1.9 3.4 20.7 36.2
1964 61.6 14.0 45.7 1.9 3.3 20.8 37.5
1965 62.9 14.0 46.9 2.0 3.3 20.6 39.0
1966 64.2 14.0 48.1 2.1 3.1 20.4 40.7
1967 65.4 14.0 49.3 2.1 3.0 19.9 42.5
Subtotal 699.5 168.0 509.5 22.0 42.4 230.1 427.0
Average, 1956-67 58.3 14.0 42.5 1.8 3.5 19.2 35.6
8-year total, 1968-75 569.3 112.0 43%9.0 18.3 20.9 161.8 386.6
Average, 1968-75 71.2 14.0 54.9 2.3 2.6 20.2 48.4
Amount in 1975 75.7 14.0 59.2 2.5 2.3 21.3 52.1
Cumulative total, 1956-75 1,268.8 280.0 948.5 40.3 63.3 391.9 813.6
10-year total, 1976-85 830.0 140.0 663.1 26.9 19.1 228.7 582.2
Average, 1976-85 83.0 14.0 66.3 2.7 1.9 22.9 58.2
Amount in 1985 89.0 14.0 72.1 2.9 1.6 23.9 63.5
Cumulative total, 1956-85 2,098.8 420.0 1,611.6 67.2 82.4 620.6 1,395.8
10-year total, 1986-95 950.6 140.0 779.7 30.9 3.0 250.5 697.1
Average, 1986~95 95.1 14.0 78.0 3.1 0.3 25.1 69.7
Amount in 1995 100.3 14.0 83.0 3.3 26.0 74.3
Grand total, 1956-95 3,049.4 560.0 2,391.3 98.1 85.4 871.1 2,092.9

basis of the forecasts of travel volume fur-
nished by all states in the 1954 study, with
adjustments for increases in user-tax rates
since that time. To avoid a separate prediction
of the future course of toll revenues—available
to the lower federal-aid systems chiefly from
toll bridges—funds from this source, as well as
miscellaneous receipts, were assumed to in-
crease proportionately with user-tax revenues.

Increases in local road and street revenues
were estimated by reference to recent trends
and the predicted trends of general economic
indexes.

In order to have an entirely neutral estimate
of future federal-aid receipts it was assumed
that the current annual authorizations of $315
million for the federal-aid primary system,
$210 million for the federal-aid secondary sys-
tem, and $175 million for federal-aid highways
in urban areas would be available in the future
for the federal-aid systems outside the inter-
state. The annual total is $700 million, or $14
million for the average state.

In the righthand panel of Figure 6 exactly

the same revenues are subdivided by object of
expenditure. The area shown at the top of the
chart and diminishing with the years repre-
sents the service of highway debt contracted
prior to the inception of the new program. Be-
neath this, the predicted expenses of mainte-
nance, operation and administration are
shown, and the net revenues available for cap-
ital outlay are given at the base of the chart.

The apparent dip in the trend of] funds avail-
able for construction during the first few years
results from an allowance for special adminis-
trative expenses, roughly proportional to
capital outlays, during the period of acceler-
ated construction activity. Ignoring this minor
variation, we find that funds available for
construction increase from $31 million out of a
total of $51 million, or 61 percent, in 1956, to
$52 million out of $76 million, or 69 percent, in
1975; and to $74 million (and percent) out of
$100 million in 1995. Involved in this trend is
the assumption, not unreasonable but of
course not inevitable, that the expenses of
maintenance, operation and administration
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will increase somewhat less rapidly than travel
volumes and the revenues derived therefrom,
thus gradually releasing a larger proportion for
capital outlay.

NEEDS AND REVENUES COMPARED

A comparison of predicted capital needs
with predicted revenues available for construc-
tion is given in Table 4 and Figure 7 for each
of the three alternate catch-up periods, 10, 12,
and 15 years, and for the ensuing decades. In
the three upper panels of Figure 7 values are
expressed in millions of dollars. In the lower
panels they are converted to equivalent
amounts in cents per gallon of state motor-fuel
tax. This procedure takes some liberties with
the data, since motor-fuel taxes are only one
(although the largest) of the sources from
which the revenues of the federal-aid systems
are and will be derived. Equivalent cents per
gallon have been found, however, to be the
most convenient and most easily visualized
unit by means of which predicted revenues
may be compared with those required to fi-
nance a highway program. In actual practice
the required increase in revenues may be dis-
tributed among various revenuc sources, in-
cluding increased motor-vehicle imposts, state
general funds, highway tolls, local taxes, and
federal funds, as well as the state motor-fuel
tax.

STATE AND

The conversion to equivalent cents per
gallon was made by the use of a rate of motor-
fuel consumption, applicable to all motor
vehicles as a group, of 12.73 miles per gallon.
On this basis the revenue produced by a tax
of 1 cent per gallon is equivalent to about
0.79 mills per mile of travel. Estimates of total
vehicle-miles in each year were based on the
forecasts made in connection with the 1954
nationwide study of highway needs. No ad-
justment was made for increased travel vol-
umes (and consequent increased revenues)
resulting from earlier completion of the needed
construction under the 10- and 12-year
catch-up programs.

The range in values of annual travel volume
in an average state, and that of the cor-
responding vield of state motor-fuel tax are
illustrated as follows:

Annual Vehicle Miles | Annual Yield of a State
Year of Travel in an Motor Fuel Tax of
Average State $0.01 per Gal.
(millions) (81,000)
1956 12,153 9,547
1965 16,071 12,624
1975 20,258 15,913
1985 24,609 19,332
1995 28,243 22,186

The comparison of revenues with needs is
presented in pairs of contiguous bars. Heavy
dimension arrows indicate the cxcess of nceds
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Figure 7.

Federal-aid systems, other than interstate, comparison of available revenues, with needs on unit basis.
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over revenues—the additional revenue re-
quired under the condition of current-revenue
financing. In the left-hand panels, it would
take $893 million or the equivalent of $0.08 per
gallon of motor-fuel tax, to pay the cost of the
10-year catch-up program in this average
state. Revenues predicted at current tax rates
amount to $344 million, the equivalent of 3.1
cents per gallon. It would take a raise in
revenues equivalent to 4.9 cents per gallon to
finance this program out of current income.
After the close of the 10-year catch-up period,
predicted revenues would be very nearly suffi-
cient to meet the accrual of replacement and
expansion needs.

A similar story is told in the center and
right-hand panels. To meet the needs of the
12-year accelerated program in the years 1956
to 1967 would require additional revenues
equivalent to a motor-fuel tax of $0.04 per
gallon. The 15-year program would require
an increase equivalent to 3.0 cents per gallon,
making the total requirement nearly double
the amount of revenues predicted to be avail-
able for capital outlay during the period 1956-
1970.

This is the picture of current-revenue
financing, if the goal of producing an adequate

highway plant in a reasonable time is to be
achieved. It requires a formidable, although
perhaps not unthinkable, increase in highway
tax rates during the period of accelerated in-
vestment. There is a temptation, when con-
fronted with a situation like this, to lower
one’s sights and decide to “make do” with
something less than adequacy in highway pro-
vision and service. Credit financing, however,
offers an alternative by which the desired goal
may be achieved without putting quite so
much strain upon the pocket nerve of the
user-taxpayer.

40-YEAR BOND-ISSUE PLAN

Figure 8 portrays the results of a calculation
designed to finance the 12-year catch-up
program, plus accruing needs over the follow-
ing 28 years, by means of a bond issue the
total term of which would cover the entire
40-year period. For illustrative purposes the
needs-accrual profile has been extended an-
other five years. Only capital items relating to
the 40-year period are shown, the costs of
maintenance, administration, and service of
pre-existing debt having been deducted at the
outset.

Bonds issued, indicated by the mountainous

140 ADDITIONAL REQUIRED REVENUES 140
TOTAL REQUIRED (1415 CENTS PER GALLON)
DISBURSEMENTS
120 ——i20
; PREDICTED REVENUES AT
7 T RATES q
00 y%/////// I CURRENT Rl H m\\\§§§ "
7 TOTAL REQUIRED
’ % REVENUEIS X §
2 80 L R Q\\\Q\\QQQQQ\:& - 80 2
3 E
=3 60 2
40 B — 40
TION OF TOTAL REQUIRED REVENUES
APPLIED TO CONSTRUCTION
20 20
o R R 3 3 3 3 | o
1956 60 65 70 75 80 85 90 95 2000

Figure 8. Calculation of 40-year bonding plan for combined federal-aid systems, exclusive of interstate.
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cross-hatched area at the left of the chart,
amount to $408 million out of a total 12-year
investment of $970 million. The equal amount
of bonds retired over the ensuing 28 years is
shown in similar hatching with reversed slope.
The light stippled area represents interest,
computed at 215 percent per year—a rate
perhaps somewhere near a median for state
issues that may include revenue and limited-
obligation bonds as well as those backed by
the faith and credit of the state. Total interest
payments amount to $243 million over the
40-year period, an average of $6.8 million per
year. Interest accounts for only 6.1 percent
of the total revenues required for the entire
period, or 8.1 percent of the money put into
new capital outlay and interest.

The massive area of heavy stipple at the
base of the chart represents current revenues
applied directly to construction. During the
initial 12-year period direct capital outlays of
$562 million account for 58 percent of the
total capital investment in highways; bond
issues account for the remaining 42 percent.
Since all capital outlays in the ensuing 28
years are made out of current revenues, it is
clear that the bond issue, although large,
plays only a fractional part in the total finan-
cial plan.

Predicted revenues at current tax rates are
shown by the heavy continuous line. The total
revenues required to finance the program are
traced by the heavy stepped line above the
stippled area denoting interest. The area be-
tween these two revenue lines, denoted by
the dimension lines at the right of the chart,
represents the revenues required in excess of
those predicted. Expressed in equivalent state
motor-fuel tax, these additional required
revenues amount to $.01415 per gallon in cach
year. Similar calculations made for the 10-
and 15-year programs indicate additional
revenue requirements equivalent to $0.0141
and $0.0134 per gallon, respectively. If, as
seems not unlikely at the time of writing, new
federal-aid legislation should materially in-
crease the authorizations for federal-aid high-
ways below the inter-state level, the necessity
for increased state taxation to finance federal-
aid needs will be correspondingly reduced.

The calculation illustrated in Figure 8 serves
to demonstrate the manner in which a continu-
ous and gradually increasing flow of revenues
may be used to finance a construction program
greatly accelerated in a short period of years,

to be followed by a relatively moderate
build-up of replacement and expansion needs
over a long period. The term of the bond-issue
plan (40 years in total, although no bonds
would be issued for more than 30) may arouse
some objections. The two facts—(a) that the
financing takes care of all needs for initial
construction, replacement, and upgrading
during the 40-year period and (b) that at the
close of the period the rate of revenue supply
is considerably in excess of the rate of accrual
of needs—should be sufficient to quiet such
fears. The excess of predicted revenues over
predicted requirements may be regarded as a
safeguard against unforeseen contingencies.

In a caleulation of this sort the length of the
bonding term is contingent upon the composite
life span of the highway investment in right-
of-way, grading, surfacing, and structures.
The results, therefore, tend to set bounds of
prudence to (1) term of bond issue, (2) amount
of bond issue, and (3) amount or rate of in-
crease in supporting revenues, the limit in
the latter case being minimum rather than
maximum. In working out the financial plan
for an individual state, consideration must be
given to other factors, including the general
financial situation in the state government,
established public policy, and popular atti-
tudes toward credit financing. Alternative
plans, with varying terms of bond issue and
varying levels of increased revenues, must
necessarily be developed before a decision is
reached.

METHOD OF CALCULATION

The procedure in the so-called cut-and-fill
method of bond-issue caleulation is one of suc-
cessive approximations. Since the profile of
needs and the schedule of predicted revenues
are known, it is only necessary to determine
the rate of additional revenue supply that will
accomplish the desired financing in the chosen
period of years. The estimated additional reve-
nues can be expressed in terms of cents per
vehicle-mile of travel or, as in Figure 8, in
equivalent cents per gallon of state motor-fuel
tax. The first estimate, and the calculation
based on it, may be wide of the mark; how-
ever, repeated estimates will rapidly converge
toward a rate of increased revenucs that will
just pay off the bond issue in the year selected
as the final date of retirement.

The process of calculation is illustrated by
Table 5, which gives values for each year of
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the entire 40-year period. In order that the
variation of the smaller items may be readily
traced, values are given to the nearest thou-
sand dollars. Essentially the computation con-
sists of a year-by-year determination of the
following quantities: (1) Bonds to be issued
or retired in the year; (2) the amount of reve-
nues directly applicable to construction; and
(3) the required interest payments.

The following formulas have been found use-
ful in the calculations for the initial program
period, or period of bond issuance. They are
based on the assumptions that no bonds will
be retired during the issuing period and that
the bonds for each year are issued at the be-
ginning of the year.

Let

N = Highway needs of a given year;

D = Debt outstanding at end of preceding
year;

B = Bonds issued in given year;

I = Total interest paid in year;

R = Total revenues available in year; and

1 = Annual rate of interest

Then, if receipts and expenditures balance,

R4+B=N+1 (la)
B=N-R+1 (1b)
But
I=i{D+ B
=D+ N—-R+1I) (2)
Transposing,
I -9 =i{D4+N—-R) (3a)
I=—7:——(D+N——R) (3b)

1—1
Substituting Eq. 3b in Eq. 15,

B=N-R+ D+N-R

N — R+ 4D
=T 1 @)

These formulas may be readily adapted to
varying circumstances of bond issuance and
retirement.

CONCLUSION

We have pictured some of the alternatives
that may be explored in the analysis leading to
a financial plan. Under conditions such as
those depicted, current-revenue financing re-
quires drastic tax increases during the initial
catch-up period, with only moderate rates in
the ensuing decades. A long-term bonding plan
may be financed with a relatively small in-
crease in highway tax rates, sustained through-
out the period. Intermediate choices are of-
fered by bond issues of shorter term, requiring
greater revenue increases at the outset, but less
total cost. The suitability of different solutions
depends in large part upon the contour of the
needs-accrual profile. If the immediate needs
are large in comparison with those of the next
two or three decades, a long-term bond issue
such as that portrayed in Figure 8§ is a valid
solution. If the immediate needs are only mod-
erate in comparison with those of subsequent
years, either current-revenue or short-term
bond-issue financing is indicated.

The necessity to pay interest makes all
bond-issue financing of greater total cost to
the state than financing with current funds.
That the cost to the taxpayers may be less,
rather than more, is sometimes overlooked.
Those who contribute to the support of the
highways have alternate uses for their money,
yielding either profits or tangible satisfactions,
which they must forego in part if increased
taxes are paid. The extent of the sacrifice is
best measured by the interest-earning power
of the money if invested privately, which
would generally be more than it would cost the
State to borrow the same funds. Thus a bond
issue may give highway users and other tax-
payers a better bargain than a drastic raise in
taxes to finance a current-revenue plan.






