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Highway Bond Financing­
A Current Analysis 
WILLIAM R. McCALLUM, Bureau of Public Roads, Washington, D. C. 

This study reviews the highway borrowing practices of the States / 
and, to a lesser extent, of the local governments during the 11-
year period 1950-60. To be as current as possible, some bond-
financing programs of 1961 and early 1962 are also covered. 

Highway debt is examined in terms of its magnitude, its rela­
tion to other types of debt, and the comparative costs to the high­
way user of guaranteed and revenue bond financing. The effects 
of constitutional limitations on creation of debt are measured and 
evaluated. As the study shows, these have been largely ineffectual 
in restricting highway borrowing. 

The development and impact of the authority device in financing 
highways by means of revenue bonds is thoroughly analyzed. Some 
75 highway and bridge authorities were functioning in 1960, and 
those that issued bonds during the 1950-60 period account for nearly 
one-half of all highway debt. 

The study compares interest costs and scheduled maturities of 
revenue bonds with those of other types of highway bonds, and 
measures the differential in terms of financing costs of the various 
bond types. 

The latter part of the paper deals with specific bond-financing 
programs as theyhave beendevelopedin selected States. The re­
cent resurgence in toll road financing is covered in detail, as is 
the use of the authority device to finance toll-free highway pro­
grams. 

The study concludes that the method of financing accelerated 
highway programs depends on the decision to "pay-as-you-go" or 
to resort to credit financing. If the latter choice is made, the se­
lection of the debt vehicle is most important in holding the cost of 
borrowing to a minimum. The study points out that the levy of tolls 
need not presage the use of toll revenue bonds, which are the most 
costly to service, but may be used successfully in conjunction with 
bond issues that are secured by a further pledge of road-user 
taxes, or guaranteed by the State. In this fashion, the costs of bor­
rowing to the public, via the highway user, can be held within sat­
isfactory limits. 

•ACCORDING TO a recent estimate by the Bureau of Public Roads (1), the total long­
term highway debt of the States and their political subdivisions is expected to reach 
$14. 4 billion by the end of 1962. This is an increase in indebtedness of $10 billion 
since 1950, more than a threefold advance. Although the highway debt of local govern­
ments has doubled (from $2.1 billion in 1950 to an estimated $4. 2 billion in 1962), the 
debt of State agencies has shown a spectacular rise from $2. 1 billion in 1950 to an ex­
pected $10. 2 billion by the end of 1962. 

The purpose of this paper is to weigh the significance of this increase in highway 
debt, measure its effect on highway financing programs and policies, and examine the 
nature and the technique of current borrowing practices. 

Paper sponsored by Conunittee on Financing Highway Facilities Through Borrowing. 
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The 11-year period 1950-60 has been selected for study, because it largely encom­
passes the era of major toll revenue bond financing and of the growth of the public 
authority device. Moreover, an earlier pape r (2) explored rather thoroughly the history 
of highway borrowing, and the immediate post-war trends in bond financing during the 
years 1946-50; this study may be thought of as a sequel to the earlier paper. 

Background 

Borrowing in anticipation of future tax revenue has long been an important method 
of financing highway and other public improvements. Before 1900, borrowing was 
largely done by local governments. Massachusetts, in 1893, was the first State to 
borrow for highway purposes (although the territory of Idaho issued "wagon road" bonds 
as early as 1890). Thereafter, State borrowing for highways increased steadily, reach­
ing peaks in the 1920's and again in the middle 1950's. During the past 70 years, only 
2 States (Arizona and Nebraska) have not incurred debt for highways. 

Throughout this study, bond financing is examined in light of the type of bond used 
or, more precisely, according to the security underlying the debt. The distinction 
between guaranteed and nonguaranteed debt is so fundamental to an analysis of highway 
borrowing practices as to justify a brief review and explanation of each type. 

Definitions 

Throughout this paper, highway bonds are referred to by type; i.e., according to 
the security behind the bond issue. The following are the three major types of bonds: 

General Obligation Bonds. -Also known as guaranteed bonds, or "full-faith" bonds, 
general obligation bonds are guaranteed as to payment of interest and principal by the 
State or local government selling the bonds. The full resources and taxing power of 
the government are irrevocably pledged to meet debt payments. 

Limited Obligation Bonds. -Sometimes called tax bonds, and often (erroneously) 
"revenue" bonds, limited obligation bonds are secured by a pledge of the proceeds of 
a specific tax, usually road-user imposts, or revenues of a specified fund, but not 
limited to earnings of the projects to be built. They carry no further guarantee or 
commitment by the issuing government in the event the pledged revenues prove inade­
quate to meet debt service. 

Revenue Bonds. -Revenue bonds are obligations to finance alledged by self-supporting 
toll facilities, and are secured only by the tolls and other earnings of the project. 
Should these prove inadequate, the sole remedy of the bond holders is to require an 
adjustment in toll rates designed to improve earnings. 

Interest on bonds is variously referred to as the rate of return to the lender, the cost 
to the borrower, or the rate declared and posted on the bond document. The following 
terms of distinctions are used: 

Yield Rate. -The yield rate is the effective rate of return to the lender determined 
by the price he pays for the bond, the declared interest rate, and the length of time un­
til maturity of the bond. 

Net Interest Cost. -The net interest cost is the cost of a bond issue to the borrower. 
It is a function of the declared interest rate (or rates), the premium or discount on the 
par value of the bonds at the time of sale, and the length of maturity. It is, in effect, 
a weighted interest cost. 

Coupon Rate. -The coupon rate is the declared rate of interest posted on the bond 
instrument. 

General Obligation Bonds 

It was common practice in the earlier years to issue highway bonds secured by a 
general pledge of the taxing power of the State or local issuing authority. Bonds of this 
type are still predominant among the obligations of the States to finance toll-free capi­
tal projects. 

With the development of the road-user tax structure in the 1920's and 1930's, and 
the growing importance of these taxes as a source of highway funds, many States began 
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to issue general obligation bonds secured by a specific pledge of road-user tax revenue. 
Today, nearly all general obligations of the States for highways are secured by a pledge 
of all or a portion of these tax revenues, behind which lies the guaranteed commitment, 
without recourse, of the full taxing power of the issuing State. 

At the end of 1960, 22 States had outstanding a total of nearly $ 2. 7 billion of general 
obligation highway bonds, or more than one-fourth of the $9. 4 billion of State highway 
debt then outstanding. 

Limited Obligation Bonds 

For purposes of simplification, the remaining highway debt of the States can be 
labeled nonguaranteed agency debt, for which there is pledged as security the revenue 
from selected taxes, fees, rentals, and tolls, including the earnings of self-supporting 
enterprises, but for which there is no additional pledge of the general taxing power of 
the States. For purposes of this paper, however, it is convenient to subdivide these 
bonds into two major classes (limited obligations and toll revenue bonds) and a third, 
minor class (reimbursement obligations). 

Limited obligations are those bonds secured by a pledge of road-user tax revenues, 
highway fund lease or rental payments under contract agreements, or in some instances 
by a combination of these sources together with earnings of the projects financed from 
the bond proceeds, such as tolls. The security for such bonds is therefore much broader 
than that of a true revenue bond or self-liquidating issue, but in theory is not as great 
as that of a general obligation bond. 

New Mexico was the first State to use limited obligation bonds secured by road-user 
revenues. The State began issuing highway debentures in 1929, and by the end of 1960 
had $8. 5 million of these debentures outstanding. Most of the issues have carried 
maturities of 10 years or less, and the present indebtedness matures in its entirety by 
1964. These debentures carry an investment rating of "Aaa," the highest given by 
National rating agencies (3, p. 1303), and in fact higher than the rating given New 
Mexico's general obligation bonds. It is evident, at least in this State, that bonds se­
cured by road-user tax revenues alone are a more attractive investment than bonds 
secured by the general taxing power of the State. 

During the 1930's, other States began issuing limited obligation bonds, prompted in 
some instances by their attractiveness to investors, and in others because of consti­
tutional restrictions on borrowing that made it necessary to place the issue before the 
electorate either by a referendum or a constitutional amendment, with the attendant 
uncertainties and delays in obtaining approval. The courts have generally held that the 
"special fund doctrine" under which limited obligation bonds have been sold is not in 
contravention of constitutional bans on borrowing. An example of this is found in Colorado, 
which in 1936 issued $25 million of revenue anticipation warrants payable only from 
State highway revenues. Because the State constitution prohibits borrowing, beyond the 
usual exceptions for defense and casual deficits, the constitutionality of the revenue 
warrant act was challenged in the courts. In 1934, the voters had approved a constitu­
tional amendment dedicating highway revenues for road purposes 1, and the State Supreme 
Court held that, inasmuch as highway funds by constitutional provisions were no longer 
available for general State purposes, the bond act was valid2

• 

During the 1950's, additional States launched programs of bond financing with limited 
obligations; notably, Alabama, Florida, Georgia, Maryland, Michigan, Mississippi, 
Ohio, Pennsylvania, and Washington. In these States, security for the bonds is usually 
a pledge of motor fuel tax revenues or motor vehicle fees, or both; or, as in Georgia 
and Pennsylvania, by rental payments from State highway funds to an authority issuing 
the bonds, in annual amounts sufficient to meet interest and principal requirements. 

At the end of 1960, seven States had limited obligations outstanding for specific 
projects or facilities for which tolls were pledged for debt service, together with a lien 
on road-user tax revenues or on State highway funds. Usually, these funds are drawn 

1 Colo, Const., Art. X, §18, 
2 Johnson v. McDonald, 97 Colo. 324, 49 P.2d 1017, 
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on only in the event that tolls are insufficient to meet debt requirements, but their 
availability nonetheless has been a significant factor in the marketability of the bond 
issues. 

As of December 31, 1960, 16 States and the District of Columbia had outstanding 
$ 2. 2 billion of limited obligations with varying pledges of road-user tax revenues and 
State highway funds. These constituted slightly less than one-fourth of all State obliga­
tions outstanding as of that date, and .these bonds, together with the general obligations 
of the States, totaled 50 percent of all State debt for highways. 

Revenue Bonds 

The term "revenue" bonds as used in this paper refers to obligations issued for 
specific facilities and secured solely by a pledge of the earnings of the facility. In all 
instances, State obligations of this type are for toll road or toll crossing facilities, and 
at the end of 1960, revenue bonds of $4. 5 billion were outstanding in 25 States-nearly 
one-half of all State debt for highways. 

Revenue bond financing of highway facilities began with the Port of New York Au­
thority issues of 1926. These and other early issues were limited to bridges and tun­
nels, and it was not until 1946 that a fully self-supporting toll road revenue bond issue 
was first marketed by the Maine Turnpike Authority. The Pennsylvania Turnpike, 
although opened to traffic six years earlier, was not financed as a wholly self-supporting 
facility. Nearly 42 percent of the initial cost of the project was provided by a grant 
from the Federal Public Works Administration, and the remainder was financed by bonds 
sold to the Reconstruction Finance Corporation. Subsequent extensions of the Pennsyl­
vania Turnpike, however, have been financed as self-liquidating projects, as have most 
of the other major turnpike projects. Certain major exceptions to this practice have 
been made, however, which are discussed in a subsequent section. 

Reimbursement Obligations 

The last group of State obligations are those known as "reimbursement" or State­
assumed debt. Between 1920 and 1940, many States undertook to reimburse the counties 
for their contributions to the cost of State highways or fo~ local roads subsequently 
taken into the State systems. The obligations usually took one of two forms: (a) an 
agreement between the State and the local governments whereby the State would reim­
burse the local government in annual amounts for costs incurred initially in building 
roads that later became part of the State systems, or (b) an agreement whereby the 
State would pay to counties an annual amount equal to the interest and principal on 
local highway bonds issued for such purposes. In either case, security for this type 
of obligation is somewhat obscure except in instances where the State has funded or 
refunded the obligation from the proceeds of its own bond issues. More than $750 
n,,.;ll;nn n-f +h.ooo nhl;l'T,...+;nnC" hnuo hon."" ncoc-.n....-n.M hn +hr, O+n+t"'\n hn+ 4-hn .... n._...n.; ...... .;..,rr .;...,,A,...h4-
,U,4.&.&.4.I.'-'&.&. v.a. ............ U'-' _,., ...... e,u.11,,.1.-.1.10 &&'4,,11' .... ""''"'"-'.I.L U.i.::JOU..L.&.&'-'\A ...,, y,u ... UW....'-'-'O, t,JU.L, L,J.J.'-' .L'-'.I..L.1.£1..L.L.L.L,U.fi, .L.LU,4C.UL,-

edness is now less than $40 million in seven States. 

BORROWING PRACTICES, 1950-60 

Borrowing by States 

During the 11-year period covered by this study, 39 States and the District of Co­
lumbia incurred highway obligations of all types totaling nearly $ 9. 8 billion (Table 1). 
The geographic distribution of these borrowings is shown in Figure 1. Eleven States 
incurred no debt during this period and, except for Alaska,, they comprise a contiguous 
group of west-north-central and mountain States. Borrowing, quite obviously, is not 
uniformly practiced by the States, and much of the State highway debt is concentrated 
among a few States. 

Four States (Massachusetts, New Jersey, New York, and Ohio) accounted for nearly 
two-fifths of all bond issues, and the 10 States that issued $400 million or more bonds 
accounted for two-thirds of all obligations. 

Figure 1 shows that these 10 States are concentrated in the north-central and Atlantic 
Coastal areas, where the pattern of highway congestion, traffic densities, and highway 
costs is typically high. 
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TABLE 1 

. HIGHWAY OBLIGATIONS ISSUED OR ASSUMED BY STATES, 1950-601 

($ X 103
) 

General Limited Toll Revenue Bonds Reimbursement . State Obligation Obligation Obligations Total 
Bonds Bonds Crossing Road Assumed 

Bonds Bonds 

Ala. 25,000 99,000 4,528 128, 528 
Alaska 
Ariz. 
Ark. 14, 000 7,000 21,000 
Calif. 167,374 167,374 
Colo. 43,688 43,688 
Conn . 155, 840 347,500 30,000 533,340 
Del. 91,225 8,450 99,675 
Fla. 194,804 20,880 74,000 27,125 316,809 
Ga. 140,335 6,650 146,985 
Hawaii 12,500 12,500 
Idaho 
Ill. 479,000 479,000 
Ind. 280,000 280,000 
Iowa 
Kans. 19,500 160,000 179,500 
Ky. 100,000 9,361 38,500 147, 861 
La. 100,000 75,000 175,000 
Me. 52,500 58,806 111, 306 
Md. 266,320 145,963 412, 283 
Mass. 610,000 53,781 239,000 902,781 
Mich . 471,000 116,050 587,050 
Minn. 46,000 46,000 
Miss. 42,659 18,360 2,218 63,237 
Mo. 17,900 200 62 18, 162 
Mont. 
Neb. 
Nev. 
N.H. 67, 150 899 68,049 
N.J. 291,600 25 , 500 511,200 828,300 
N.Mex. 11,000 11,000 
N.Y. 712,860 128, 122 440,000 1,280,982 
N. C. 150,000 150,000 
N.Dak. 
Ohio 438,000 3,500 326,000 767,500 
Okla. 106,000 106,000 
Ore. 92 , 600 92,600 
Pa. 105, 000 89, 157 298, 000 492, 157 
R. I. 32,000 3,100 35,100 
s.c. 52,000 
S.Dak. 

1,500 1,668 55,168 

Tenn. 52,000 725 52, 725 
Texas 58,500 948 59,448 
utah 
Vt. 40,800 40,800 
Va . 328,651 75,150 403,801 
Wash. 146,353 73,257 219,610 
W.Va. 84,500 5,000 133,000 222,500 
Wis . 
Wyo. 

4,099 4,099 

D.C. 2,000 2,000 
Total 2,770,075 2,432 , 559 1,243,480 3,277,156 40,648 9,763,918 
1Excluding refWlding issues . . 

Toll revenue bond financing was employed by 29 of the 39 borrowing States during 
the 1950-60 period, and in 6 States (California, Illinois, Indiana, Oklahoma, Texas, 
and Virginia) was the only major type of bond financing used. Even excluding this type 
of debt (and the small amount of reimbursement obligations) does not change the geo-
graphic concentration of the remaining indebtedness (Fig. 2). The 7 northern and 
eastern States that issued $200 million or more of general and limited obligation bonds 
accounted for nearly two-thirds of all such bonds issued. 
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Figure 2. Borrowing States, 1950-60 (excluding revenue debt) . 
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General obligation bonds were used by 19 States, and exclusively so in 4 States 
(Minnesota, North Carolina, Oregon, and Vermont). Sixteen States and the District 
of Columbia issued limited obligation bonds, and this was the only type of bond used by 
Colorado, Hawaii, and New Mexico. In the District of Columbia, the obligations con­
sist of interest-bearing loans from the Federal Treasury. 

Seven States assumed obligations of local governments, and this was the only type 
of debt incurred in one State (Wisconsin). 

Highway bond financing by a selection of two of the three major types of obligations 
was found in 24 States, and 1 State (Connecticut) issued all three major types of bonds. 

During the span of years covered in this paper, some States borrowed annually, or 
at least over a considerable period of years under authority of various bond-financed 
capital programs. Delaware, Massachusetts, New York, and West Virginia entered 
the bond market during each of the 11 years from 1950 through 1960 (Table 2). Several 
other States were nearly as active, issuing bonds in all but one or two of the years 
covered, whereas at the other extreme, among those States that borrowed, Indiana 
sold bonds only in 1954, and North Carolina has not marketed bonds since 1951. Bond 
sales are recorded for Hawaii only in 1959, the year of Statehood; but the Territory 
sold highway bonds in all but one of the preceding nine years. 

The most active year in terms of magnitude of bond issues was 1954 when $2. 3 
billion of highway bonds were sold by 26 States. However, 1958 saw the most States 
(27) enter the bond market. In no year did less than 18 States issue bonds, and the 
average during the period was 22 States. 

Table 3 and Figure 3 show that outstanding highway debt at the beginning of the study 

TABLE 2 

HIGHWAY OBLIGATIONS ISSUED OR ASSUMED BY THE STATES, 1950-601 

($, 10~ 

State 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 19(1() Total 

Ala, 784 25. 000 323 16,944 
Alaska 

15,000 21,317 4,000 20,000 25,160 128,528 

Ariz. 
Ark , 7,000 7,000 7,000 21,000 
Calif. 8,350 14,024 65,000 46,000 34,000 167,374. 
Colo. 6,300 2,388 8,000 16,000 5,000 6,000 43,688 

- Conn . 100,000 100,000 150,000- 77,000 70,900 35,440 533,340 -
Del. 2,000 B,900 7,500 7,455 8,045 3,559 10, 4.41 13,050 18,675 10,700 9,350 99,675 
Fla, 28,000 21,755 800 6,000 104,050 6,500 47,892 11,085 48,872 41,855 316,809 
Ga, 9,750 27,535 14,500 15,500 35,000 44,700 146,985 
Hawaii2 12,500 12,500 
Idaho 

- Ill . 415, 000-- 64,000 479,000 -
Ind. 280,000 280,000 
Iowa 
Kans . 160,000 19,500 179,500 
Ky. 4,361 43,500 70,000 30,000 147,861 
La , 10,000 15,500 81,400 8,100 30,000 30,000 175,000 
Me , 13,500 78,206 4,600 5,500 9,500 111,306 
Md. 25,000 25,000 25,000 172,253 40 , 048 16,567 32,088 27,657 26,986 21,684 412,283 

- Mass. 60,000 44,000 32,000 34,250 308,750 .. 40. 000 136,000 70,500 92,500 69,781 15,000 902, 781-
- Mich . 80,000 20,000 109,800 5, 000 61,000 52,000 100,000 75,000 84,250 587,050-

Minn, 10,000 12,000 12,000 12,000 46,000 
Miss, 2,218 8,400 9,960 13,000 5,159 2,500 4,000 11,000 7,000 63,237 
Mo , 16,000 62 1,750 200 150 18,162 
Mont. 
Neb, 
Nev. 
N. H. 7,000 10,000 9,500 899 12~ 500 23,150 5,000 68,049 

- N.J . 75,500 180,000 55,000 270,000 -- 182,200 40,600 25. 000 828,300 -
N. Mex, 5 , 000 4,000 2, 000 11,000 

- N,Y, 22,000 77,911 6,000 255,917 - 395, 850- 73,400 101,000 32,260 103, 844 131,800 81,000 1,280,982 ..-
N.C. 75,000 75,000 150,000 
N. Dak. 
Ohio 326,000 -- 30,000 52 , 000 75,000 128,500 125,000 31,000 767, 500-
Okla , 31,000 7,000 68,000 106,000 
ilie . 15,000 15,000 42,000 20,600 92,600 

~ Pa, 25,000 65,000 109,157 253,000- 20,000 10,000 10,000 492,157 • 
R.I. 5,000 7,000 3, 100 10, 000 10, 000 35,100 
s. c. 10,000 5,000 820 10,000 100 2. 000 450 5, 298 15,000 6,500 55,168 
S.Dak. 
Tenn, 725 17,000 15,000 10,000 10,000 52,725 
Texas 338 533 
utah 

17 58,500 59,448 

Vt. 2, BOO 6,000 6,000 8,000 10,000 8,000 40, 800 
Va. 23,000 79 . 803 69,000 20,000 6,150 205,848 403 , 801 
Wash. 171 150 500 54, 710 2t 590 782 20,175 22,203 30,150 15,450 55,900 219 , 610 
W. Va, 18,500 7 , 500 117, 000 8,500 42 , 000 2,000 3,000 1,400 10,000 5,000 7,600 222 , 500 
Wis, 1,468 968 691 469 340 163 4 , 099 
Wyo. 
D.C. -- -- -- --- --- -- --- ~ ~ --
Total 400,124 535,443 796,835 1,038,153 2,316,881 645,741 1,066,733 702,271 912,511 668,989 680,237 9,763,918 

1Excluding refunding bonds, 2 Bonds issued during Territorial stalus before 1959 are omitted. 
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TABLE 3 

TYPES OF STATE HIGHWAY OBLIGATIONS ISSUED, REDEEMED, AND 
OUTSTANDING, 1950-601 

Type of Obligations 

General obligation 
bonds 

Limited obligation 
bonds 

Toll revenue bonds 
Reimbursement 

obligations 

Total 

Outstanding 
Dec. 31, 

1949 

994, 952 

160,873 
614,789 

68,205 

1, 838, 819 

lExcluding refunding issues. 

($ X 103
) 

Issued 
1950-60 

2,770,075 

2, 432 , 559 
4,520, 636 

40 , 648 

9,763,918 

Redeemed 
1959-60 

1, 112, 129 

386,958 
651, 766 

69,429 

2,220,282 

Outstanding 
Dec. 31, 

1960 

2,652,898 

2,206, 474 
4, 483, 659 

39 , 424 

9,382,455 

5.0,..-------- ---- --------------------~ 5.0 

4.5 - c:J REIMBURSEMENT OBLIGATIONS_ 
~ LIMITED OBLIGATION BONDS 

I 
LSS} TOLL REVENUE BONDS 

4 .0 0 GENERAL OBLIGATION BONDS 

!:::. I 
82.5i------------;:;:;~~~'\:~l 
z 
0 

32.0 

iii 
1.5 

1.0 1-----

0.5 -

OUTSTANDING 
END OF 1949 

ISSUED 
1950TO 1960 

REDEEMED 
1950 TO 1960 

Figure 3, Types of State highway debt. 
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period totaled $1. 8 billion. During the period 1950-60, $2. 2 billion of bonds were 
redeemed, so that at the end of 1960, the $9. 4 billion outstanding indebtedness of the 
States was only slightly less than the amount of bonds issued during the 11-year period. 

With the exception of reimbursement obligations, the outstanding debt in each of the 
three major categories increased substantially, but not, however, at equal rates. Gen­
eral obligation debt increased from $995 million at the end of 1949 to $2,653 million 
at the end of 1960, or 2. 67 times; toll revenue debt exceeded 7 times its 1949 level; 
and limited obligation debt showed more than a thirteenfold increase during this period. 
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Government 

Municipalities 

Counties and 
other rural 
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Although revenue bond financing has occupied a position of prominence throughout the 
1950's, and indeed into the 1960's, road-user tax bonds and other limited obligations 
have evidenced a significant increase, which is discussed later. 

Borrowing by Local Governments 

It is estimated that $ 2. 5 billion of road and street debt of cities and other local 
municipalities was outstanding at the end of 1960 (Table 4) and that the road debt of 
counties, townships, and other rural governments would reach nearly $1. 3 billion. 

It is likely that the road and street debt of the municipalities has been understated. 
Many jurisdictions issue "general purpose" or "capital improvement" bonds and apply 
the proceeds to various capital projects including, but not specified as to, road and 
street improvements. Undoubtedly some of this debt escapes detection as a "highway" 
debt. However, municipal finance studies have been conducted in all but one State 
since 1954, and data for the later years may be expected to be reasonably inclusive. 

Municipal highway debt has shown a much faster rate of growth than has that of 
counties and other rural governments. If the outstanding debt at the beginning of 1950 
is assigned an index value of 100, by the end of 1960, municipal debt stood at 215. 5 
and local rural debt at 148. 0 of the base year. 

The more pervasive demand for credit financing by the municipalities compared with 
the rural units undoubtedly is due in part to the relatively greater State assistance for 
highways granted the rural units. In 1960, for example, municipalities applied $1. 79 
billion toward highway capital outlay, maintenance, administration, and debt service. 
Of this amount, $390 million (22 %) was derived from State grants-in-aid. Rural units 
applied about the same amount ( $1. 67 billion) for these purposes in 1960, but received 
$845 million in State grants (51 % of total) (1, Table HF-1). Thus, the municipalities 
have had to rely on their own financial resources much more than have the rural units. 
The latter, on the average, continue to enjoy a favored position with respect to State 
grants-in-aid and shared tax revenues. 

Another factor, or course, has been the rapid growth of metropolitan areas and 
traffic volumes during the 1950's that has severely taxed the cities' resources in at­
tempting to alleviate traffic congestion and at the same time to provide for expanded 

TABLE 4 

TYPES OF LOCAL GOVERNMENT HIGHWAY DEBT, ISSUED, REDEEMED, AND OUTSTANDING, 1950-60' 
($ X 10') 

Issued Redeemed OJ.tstanding at End of Year 

Year 
General Obli- Toll 

General Obli-
Toll 

General Obli- Toll 
gation and Total gation and Total gation and Total 

Special Assess-
Revenue Special Assess- Revenue Special Assess-

Revenue 

ment Bonds 
Bonds ment Bonds 

Bonds ment Bonds 
Bonds 

1949 851,947 308, 724 1,160,671 

1950 148,066 14,857 162,923 79,067 17, 129 96,196 920,946 306,452 1,227,398 
1951 168,028 10,423 178,451 87,375 23,901 111,276 1,005,369 292, 518 1,297,887 
1952 200,201 8,246 208,447 91,418 12,235 103,653 1, 106, 166 288, 529 1,394,695 
1953 189,034 11,126 200, 160 108,948 9,816 118,764 1,182,245 289,828 1,472,073 
1954 239,975 14,041 254,016 148,387 8,049 156,436 1,293,440 295,821 1,589,261 
1955 222,115 112,583 334,698 133, 770 7,199 140,969 1,371,417 399, 524 1,770,941 
1956 295, 784 17,528 313,312 136,471 5,242 141,713 1,541,499 412, 556 1,954,055 
1957 359,636 5,858 365,494 157,600 22,703 180,303 1,757, 107 395,673 2, 152, 780 
1958 294,211 5,196 299,407 177,806 19,017 196, 823 1,872,639 381, 852 2,254,491 

1959 308,394 27 , 810 336, 20.4 197,083 13,231 210,314 1,988,455 397,741 2,386, 196 
1960' 234,000 102,000 336,000 200,000 20,000 220,000 2,022,000 480,000 2,502,000 

1949 795,248 70, 121 865,369 

1950 77,924 10,674 88,598 78, 774 3,210 81,984 794,398 77, 5B5 871,983 

1951 66,920 11,750 78,670 78,015 3,689 81,704 780, 828 87,074 867,902 
1952 87,941 15,250 103, 191 78,762 3,524 82,286 797,067 98, 785 895, 852 
1953 104, 780 850 105,630 81,704 3,460 85, 164 817,500 96, 175 913,675 
1954 87,828 6,759 94, 587 83,261 2,475 85,736 833,087 100,007 933,094 
1955 159,277 46,225 205,502 85,663 3,530 89, 193 884,364 142, 736 1,027, 100 
1956 96,541 5,350 101,891 87,401 3,500 90,901 892,439 144, 560 1,036,999 
1957 121,785 1,156 122,941 87,937 3,618 91,555 942,729 142,079 1,084, 808 
1958 133,889 6,219 140, 108 86,310 4,060 90,370 986, 304 144,238 1, 130, 542 
1959 152, 845 152, 845 87,443 4,641 92,084 1,045,571 140, 543 1, 186, 114 
1960' 189,000 1,000 190,000 90,000 6,000 96,000 1,145,000 135,000 1,280,000 

1Excluding refunding bonds and short-term noles. When it was not possible to distinguish between toll revenue bonds and general obligations issued for toll facilities, both 
rere included as toll bonds. Computed outstanding debt does not necessarily balance issues anct redemptions because of incomplete data. 
Estimated. 
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services of all types. Many of the counties and other so-called rural units have been 
faced, too, with the need for expanded credit financing programs brought about by the 
climbing demand for highway and other public works, particularly in the metropolitan 
counties where the population explosion has occurred. 

General obligation bonds are the predominant type of local issues, although recently 
an upward trend in the issuance of special assessment paper by municipalities has been 
evident, but in many instances these, too, are guaranteed by the issuing authority. 
The nonguaranteed assessment bonds are not popular, and are least acceptable to the 
bond market. 

Local toll revenue bond financing, though small in proportion, has been firm through­
out the 1950-60 period. Concentrated within a few States, the revenue bond has been 
used to finance local toll crossing facilities, frequently by means of the authority device. 

Compared to the States, the local governments have made by far the greater use of 
short-term obligations. Short-term financing has been used in the main to anticipate 
the collection of current taxes or in the form of bond anticipation notes. Further refer­
ence to short-term financing is made later in this study. 

Table 5 and Figure 4 show the gross amount of State and local highway debt out­
standing at the end of each of the years 1950-60. State obligations· accounted for about 
one-half of all highway debt in 1950, but had risen to more than two-thirds by 1960. 

Magnitude of Existing Debt 

In comparison with total public and private debt, or even in terms of public debt 
alone, the $13. 2 billion of outstanding State and local highway borrowing at the end of 
1960 does not assume a dominant role. According to the 1961 annual report of the 
Council of Economic Advisors ( 4), the Nations' s net public and private debt stood ·at 
$882. 9 billion at the end of 1960. The composition of this debt and its growth since 
1950 (Table 6) is indicative of the demand for credit financing in the economy. 

Although modest in terms of total debt, the obligations of State and local govern­
ments, which include both highway and nonhighway issues, have shown the largest per­
centage increase since 1950, save that of mortgage debt, of any class of obligation. 

TABLE 5 

GROSS HIGHWAY DEBT OUTSTANDING BY ALL 
UNITS OF GOVERNMENT, 1950-601 

($ X 106
) 

Counties 

Year States and other 
Local Hural 

Units 

1950 2,096 872 
1951 2,476 868 
1952 3, 116 896 
1953 4,006 914 
1954 6,155 933 
1955 6,609 1,027 
1956 7,491 1,037 
1957 7,936 1,085 
1958 8,598 1, 131 
1959 9, 0022 1,186 
1960 9,382 1, 2803 

1 Values include debt of highway toll authorities. 
2 Hawaii included in 1959 and following year. 
3Estimated. 

Municipalities 

1,227 
1,298 
1,395 
1,472 
1,589 
1,771 
1,954 
2,153 
2,254 
2,386 
2, 5023 

Total 

4,195 
4,642 
5,407 
6,392 
8,677 
9,407 

10,482 
11, 174 
11,983 
12,574 
13,164 
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Figure 4. Gross highway debt outstanding, l950-60. 

TABLE 6 

NET PUBLIC AND PRIVATE DEBT 
($ X 109

) 

11 
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Type of Debt 1950 1960 Percentage Increase 

Public: 
Federal government 218. 7 241. 0 10.2 
State and local govern-

ments 20.7 60.0 189. 8 
Private: 

Corporate 142.1 295.0 107.6 
Farm 12. 2 25.4 108.2 
Mortgage 59.4 173.9 192. 8 
Commercial and con-

sumer 37.2 87.6 135. 5 

Total 490.3 882.9 80.1 

Lest this comparison suggest an unwarranted degree of abandon in State and local 
borrowing policies, it is necessary to examine the highway debt component in terms of 
other related factors. One of these is automobile credit paper. Table 7 and Figure 5 
compare the extension of credit on vehicle purchases with highways borrowings, and 
the amount of each outstanding at the end of the years 1950-60. Although this com­
parison is between short-term automobile credit, and long-term highway borrowing, 
and thus is imprecise on its face, the public acceptance of credit financing to acquire 
highway vehicles would seem to parallel similar acceptance of credit financing to ac­
quire the modern highway plant such vehicles use demands. 
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TABLE 7 

TOTAL HIGHWAY BONDS ISSUED AND OUTSTANDING, AND INSTALLMENT 
CREDIT ON PASSENGER CARS EXTENDED AND OUTSTANDING, 1950-60 

($ X 106
) 

Installment 
Credit Extended 

Year on New and Total Highway 
Used Passenger Bonds Issued 

Cars During 
Year 1 

During Year 

1950 8,530 652 
1951 8,956 793 
1952 11,764 1,108 
1953 12,981 1,344 
1954 11,807 2,665 
1955 16,745 1,186 
1956 15,563 1,482 
1957 16,545 1,191 
1958 14,316 1,352 
1959 18,001 1,158 
1960 18,250 1, 2062 

1 Board of Governors of Federal Reserve System, 
(1961). 

2 Debt of local governments estimated. 
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Installment 
Credit Out- Total Highway 
standing at Debt Outstand-

End of Year on ing at End 
New and Used of Year 

Passenger Cars1 

6,074 4,195 
5,972 4,642 
7,733 5,407 
9,835 6,392 
9,809 8,677 

13,472 9,407 
14,459 10,482 
15,409 11,174 
14,237 11,983 
15,590 12,574 
18,350 13, 1642 

quoted in 11 Automobile Facts and Figures" 
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Figure 5, Borrowings for passenger cars and for highways. 
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The relative burden of highway debt is also measured by the degree to which credit 
financing draws on tax revenues for debt service. Table 8 compares for 1960 the 
amounts of State road-user tax revenues available to the States for highway purposes, 
with the portions of such revenues allocated for debt service; i.e., for interest and re­
demption of bonds. Because these taxes can be pledged only for general and limited 
obligation bonds, there is no claim on them to service the revenue debt of the States. 
In computing the amount of revenues available to the States, nonhighway allocations 
and payments of grants-in-aid to local gov-
ernments are deducted. 

Thirty-four States paid debt service in 
1960 from road-user tax revenues, al­
though in 4 States (Delaware , New Jersey, 
New York, and Rhode Island) payments 
technically were made from a general 
revenue fund into which road-user taxes 
were deposited, and thence considered to 
be drawn on for debt service . 

Nationwide, 8. 58 percent of available 
revenues in 1960 were assigned to debt 
service on State obligations. Excluding 
the nonborrowing States, this percentage 
rises to 10. 57. The median payment in 
Table 9 interpolates to 13. 71 percent of 
revenues, with a range from a low of 
0. 27 percent in Tennessee to a high of 
58. 76 percent in Delaware. Only 6 States 
assigned as much as 25 percent of reven­
ues to debt service, and in only 3 of these 
States did the total exceed one-third of 
revenues. 

Figure 6 shows the geographic distri­
bution of 1960 payments for debt service 
from road-user tax revenues. It is sig­
nificant that of the 7 States having the 
greatest amounts of borrowings (Fig. 2), 
only three (Maryland, Massachusetts , 
and Michigan) also appear among those 
States assigning 25 percent or more of 
revenues to debt service (Fig. 6). Thus, 
the magnitude of the debt is not neces­
sarily indicative of the relative burden 
such debt places on the State's resources. 
Table 8 and Figure 6 show that in only a 
few of the borrowing States has highway 
debt service reached significant levels, 
based on the magnitude of indebtedness at 
the end of 1960. 

Constitutional Prohibitions and 
Limitations 

The growing popularity of revenue and 
limited obligation bonds can be attributed 
in a large measure to the limitations and 
restrictions on general obligation bond 
issues which require as security a pledge 
of the general credit of the State. The 
nonguaranteed obligations require no such 

TABLE 8 

STATE SHARE OF ROAD-USER TAX REVENUES 
AVAILABLE FOR HIGHWAYS, 1960, 

COMPARED WITH PORTION 
ALLOTTED FOR DEBT 

State 

Ala. 
Alaska 
Ariz. 
Ark. 
Calif. 
Colo. 
Conn. 
Del. 
Fla. 
Ga . 
Hawaii 
Idaho 
Ill. 
Ind. 
Iowa 
Kans. 
Ky. 
La. 
Me. 
Md. 
Mass. 
Mich. 
Mirm. 
Miss. 
Mo. 
Mont. 
Neb. 
Nev. 
N.H. 
N.J . 
N.Mex. 
N.Y. 
N.C. 
N.Dak. 
Ohio 
Okla. 
Ore. 
Pa. 
R.I. 
S. C. 
S.Dak. 
Tenn. 
Texas 
Utah 
Vt. 
Va. 
Wash. 
W.Va. 
Wis. 
Wyo. 
D.C. 

Total 

Total, 
borrowing 

States 

SERVICE' 

($ X 103
) 

Slate Share , 
Road-User Tax 

Revenu es2 

48, 765 
4, 583 

29,256 
40, 823 

340, 412 
34,764 
42,375 
11,642 

114, 590 
75,662 

7,948 
17,205 

131,215 
75,656 
70,214 
52,865 
78,941 
64,293 
29, 648 
53,360 
86,649 

109, 105 
68,052 
29, 153 
83,902 
21, 134 
30 , 327 
9,379 

20,529 
129,641 
29,222 

271, 577 
123,421 

14,930 
192,338 
44, 558 
44,476 

210, 587 
12,820 
51,947 
18,851 
58,r6 

221, 37 
22,623 
10,815 
94,247 
56,212 
58, 170 
61,040 
13,567 

~ 
3, 537, 138 

2,872,792 

Portion for Debt Service 

Amount 

9,223 

8, 819 
2,135 
3,607 
2,045 
6, 841 

12,955 
10,093 
3, 876 

3, 737 
15,326 
4,110 

16,249 
39, 728 
28, 148 

3,367 
6,046 

803 

4,687 
2,846 
2,849 

24, 340 
15, 030 

30, 786 

6,886 
8,763 
2,290 
7,042 

159 
661 

2,844 

8,489 
8,185 

339 

303, 544 

303, 544 

Percent 

18. 91 

21 . 60 
0. 63 

10. 38 
4.83 

58. 76 
11 . 31 
13. 34 
48. 77 

4. 73 
23. 84 
13. 86 
30. 79 
45. 85 
25 . 80 

4 . 95 
20. 74 

0. 96 

22 . 83 
2. 20 
9. 75 
8. 96 

12. 18 

16. 01 

15. 48 
4 . 16 

17 . 86 
13. 56 

0 .27 
o. 30 

26 . 30 

15. 10 
14. 07 

0 . 65 

8 . 58 

10 . 57 

1 D11ta from BPR table DF in '1fll.ghway Statistics 1960. 11 

a bcluding nonhigtnfj\V allocat.l ons and amounts paid as highway 
IP'tints-in-aid t o lcca.l gaven~ents. 
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TABLE 9 

LOCATION OF AUTHORITY TO BORROW FOR STATE 
PURPOSES AS OF JANUARY 1, 1962 

In Electorate 

In Legislature 
By Constitutional By Referendum 

Amendment 

Ala. Alaska Conn. 
Ariz . Ark. Del. 
Colo . Calif. Hawaii 
Fla. Idaho Md. 
Ga. Ill. Mass. 
Ind. Iowa Miss . 
La . Kans. N. H. 
Mich. Ky . N.Dak. 
Minn . Me. s.c. 
Neb. Mo. a Tenn. 
Nev. Mont . Vt. 
N. Mex. N.J. 
Ohio N.Y. 
Ore. N.C. 
Pa. Okla. 
S. Dak. R.I. 
Texas Wash. 
utah 
Va. 
W. Va . 
Wis. 
Wyo . 

aAuthority may be granted either by constitutional amendment 
submitted by the legislature or on initiative by the people. 
To avoid duplication, State is listed only once, 

NOIITH DAKOTA 

SOUTH DAKOTA 

~jffiu. 
0 UNDER 5 15 OVER 

~ TO TO 25 
15 25 

PERCENT 

pledge , and the courts have usually held 
that the issuance of such bonds does not 
come under the purview of general consti­
tutional prohibitions and limitations on 
State borrowing. 

The present restrictions on the legisla­
tures' power to pledge the States' credit 
reflect the efforts of the electorate to cor­
rect the evils of capricious borrowing and 
the accompanying financial embarrassment 
that arose from time to time in the 19th 
century3

• 

The constitutional restriction on State 
borrowing is not, of course, an absolute 
ban, because it can be modified or elimi­
nated by amendment. Its chief functions 
have been to provide for a delaying action 
when a question involving a pledge of the 
State's credit is concerned, and also to 
compel the submission of proposed loans 
to popular referendum. 

Although the present constitutional limi­
tations on State borrowing are extremely 
varied and individualistic, they can be di-

ALASKA HAWAII 

Figure 6. Road-user tax revenues allocated for debt service, 1960. 

3 Further discussion given elsewhere Cz.,§.). 
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vided for purposes of analysis, into three groups according to the methods used to reg­
ulate borrowing. Table 9 gives the States according to those groupings. 

The constitutions of 22 States flatly prohibit borrowing, with the usual exceptions for 
such purposes as meeting casual deficits, refunding prior debts, repelling invasion, 
suppressing insurrection, and defending the State. In these States each proposal involv­
ing borrowing must be authorized by a constitutional amendment approved by the elec­
torate, under various prescribed procedures. 

In the second group of States, the procedure is not as elaborate, and borrowing can 
be accomplished by means of a popular referendum. In these 17 States the electorate 
also make the final decision. 

The third group consists of 11 States in which the authority to incur debt is vested 
in the legislature without necessity for popular approval. The legislature may assume 
this authority in cases where the constitution is silent regarding debt limitations, or 
where the limitation is so general as to impose no real restriction on the borrowing 
power of the legislature. South Carolina has been included in this group, although the 
constitution requires that any bond issue must be approved by popular referendum. In 
practice, the legislature in that State as early as 1929 authorized highway bond issues 
not to exceed $65,000,000 without a referendum vote. Subsequent laws have raised the 
limits to $70,000,000. Within this ceiling, the State may issue bonds whenever desired. 

It is possible, of course, for the States in either the second or third groups to auth­
orize borrowing by means of a constitutional amendment, if this procedure is found 
desirable. Similarly, the States in the third group may submit proposals to popular 
vote , even though such action is not required. However, in some States there is a 
limit on borrowing even though approved by popular vote". 

Table 10 compares the borrowing pattern of the States relative to the degree of con­
stitutional limitations on borrowing. Both the lateral and vertical comparisons in this 
table are useful in measuring the effect of statutory restrictions on the type of bond 
program selected. Figure 7 also shows these comparisons. 

Among the 22 States that require a constitutional amendment to issue guaranteed 
bonds, only 5 issued this type of highway bond, and in the modest amount of $348 mil­
lion. Yet this same group of States accounted for $3. 8 billion of all debt incurred dur­
ing the period, and in the process issued 65 percent of all limited obligations, and 40 
percent of all toll revenue bonds. Thus, although constitutional restrictions have had 
an influence on the issuance of general obligation bonds in these States, they have been 
largely ineffectual in restricting highway debt financing as a whole. In effect, these 
States have found it expedient to turn to the use of nonguaranteed bonds, despite the 
higher financing costs that these almost invariably entail. 

Among those States that require referendum approval of bonding (technically a less 
stringent requirement than that of the constitutional amendment) a somewhat different 
pattern emerges. A much greater proportion of the borrowing in these States was by 
general obligation bonds; yet even here, nonguaranteed bonds accounted for nearly 
two-thirds of the debt incurred. 

The third group of States, in which the choice of borrowing is determined by the leg­
islature, made by far the greater use of guaranteed obligations. Here, given a some­
what greater freedom of choice, nearly one-half of all borrowings were by means of 
general obligation bonds. 

In summary, it must be evident that the demands for highway capital funds to finance 
urgently-needed facilities, or even to finance Statewide accelerated highway programs, 
have encouraged the circumvention of constitutional barriers to State-created debt, 
either by the less frequent, but direct, method of the amendatory or referendum process 
or by the speedier, and hence more popular, device of the nonguaranteed bond which 
requires no approval by the electorate. The cost to the public of financing with non­
guaranteed bonds is almost invariably higher than with general obligation bonds, but 
this may be accepted as a justifiable premium by those States that wish to avoid the 
consequences and delays in seeking voter approval of a guaranteed bond issue. 

4 Additional discussion given elsewhere (1, p. 38 et seq,). 
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TABLE 10 

STATE BORROWING FOR HIGHWAYS, 1950-60, RELATIVE TO, CONSTITUTIONAL 
RESTRICTIONS ON GUARANTEED STATE DEBT 

\$ X 103
) 

To Issue Guaranteed Bonds 

Requires Electorate to Approve 
Type of Debt Requires Total 

Constitutional Referendum 
Only Bonds 

Amendment Proposal 
Leglslati ve Issued 

(22 states) (17 States) 
Approval 

(11 states) 

Guaranteed Bonds: 

Amount issued ($1,000) 348, 100 1,352,960 1,069,015 2,770,075 
Number of States 5 7 7 19 
Percent of line total 12.6 48.8 38 . 6 100.0 
Percent of column total 9.2 36.1 47. 7 28.4 

Limited obligation bonds: 

Amount issued ($1,000) 1,577,827 183 . 753 668,979 2,430, 559 
Number of States 9 3 4 16 
Percent of line total 64.9 7.6 27.5 100.0 
Percent of column total 41. 8 4.9 29.9 24.9 

Toll Revenue bonds: 

Amount issued ($1,000) 1,814, 538 2,207,420 498,678 4,520,636 
Number of states 9 12 8 29 
Percent of line total 40.1 48.9 11.0 100.0 
Percent of column total 48.0 58 . 9 22.2 46. 3 

State-assumed debt: 

Amount issued ($1, 000) 36,700 62 3,886 40,648 
Number of States 4 1 2 7 
Percent of line total 90.2 0.2 9.6 100.0 
Percent of column total 1. 0 0.1 0.2 0.4 

All obligations: 

Amount issued or assumed 
($1,000) 3, 777, 165 3,744,195 2,240, 558 9,761,918 

Number of states 16 13 10 39 
Percent of line total 38.7 38. 3 23.0 100.0 
Percent of column total 100.0 100.0 100.0 100.0 

Federal Role in Borrowing 

A section of the Federal Highway Act of 1950 (later codified as Section 122, Title 23, 
U. S. Code) provided that any State or local government that issues bonds and uses the 
proceeds to accelerate construction of toll-free facilities on the Federal-aid Interstate 
or primary systems, or extensions of Federal systems within urban areas, may apply 
authorized Federal funds to aid in the retirement of such bonds5

• The Act stipulates 
that (a) the proceeds of s uch bonds must h::i.vP. hP.P.n ach1ally expended in the construction 
of the Federal-aid systems, (b) the construction is in accordance with plans and speci­
fications approved in advance by the Bureau of Public Roads, (c) payments shall not 
exceed the pro rata Federal share specified by law, and (d) payments shall be made 
from funds authorized by Congress, and no commitment or obligation exists to provide 
such payments in the absence of Congressional authorizations. 

Federal funds may not be claimed in reimbursement of interest payments nor for 
bond proceeds expended on the Federal-aid secondary system. 

That the States have found this provision of Federal law useful in accelerating high­
way programs, is attested to by the fact that, at the end of December 1961, bond-financed 
programs totaled nearly $395 million, of which the Federal fund share was over $253 
million (Table 11). 

Although this program is in no sense a Federal lending device but rather results in 
postponing reimbursement of the Federal share of authorized Federal-aid projects, it 
does have two advantages to the States: (a) programs involving Federal-aid work can 
be planned and financed in advance of the availability of Federal funds (the expenditure 

6 P,L. 769, §5, 81st Congress. Also codified as 23 U.S.C. 122. 
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Figure 7. State borrowing for highways, 1950-60, relative to constitutional restric­
tions on guaranteed State debt. 

TABLE 11 

BOND FINANCED PROJECTS IN ANTICIPATION OF FEDERAL AID 
AS OF DECEMBER 31, 1961 

Cost($ x 10°) 

State 
No. of 

Miles Bridges 
Projects Federal 

Total Funds 

Colo. 18 8.9 4.7 41. 7 12 
Fla. 2 3.8 3.5 
Hawaii 16 30.9 15. 0 30.9 27 
Ill. 154 143.1 111. 8 20.8 63 
Me. 1 3.7 1. 8 3.8 3 
Mich. 90 110.9 55.4 207.2 110 
Minn. 1 2.2 1.1 0.2 1 
N.H. 5 5.4 2.6 8.5 5 
Ore. 50 47.2 27 . 5 228.4 89 
Wash. 38 38.5 29.8 83.5 36 

Total 375 394.6 253.2 625.0 346 
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of which is governed by availability of revenues in the Federal Highway Trust Fund), 
thus permitting the State to accelerate its Federal-aid program where desirable and 
feasible to do so, and (b) Federal funds may be claimed at times, and in the amounts, 
determined by the maturity schedule of the bond issue, thus reducing the demand for 
State funds for debt service during the period that the bonds are maturing. In this 
manner, a minimum of current State tax revenue need be committed for the cost of 
financing the accelerated bond issue construction program. 

Short-Term Financing 

As used in this study, short-term financing has reference to obligations issued for a 
term of two years or less. Usually these obligations take the form of repayable ad­
vances, tax anticipation warrants, or bond anticipation notes. This form of borrowing, 
used rather frequently by local governments, has not been extensively employed by the 
States to finance highway capital expenditures. Notable exceptions to this, however, 
have occurred in recent years, and particularly in connection with the financing of toll 
projects. 

The 1947 New Hampshire legislature authorized construction of a toll road from 
Seabrook to Portsmouth and granted the State treasurer authority to borrow $ 7. 5 million 
for this purpose. However, during the period of construction the entire cost was fi­
nanced from the proceeds of 90-day renewable notes purchased by Boston banks. By 
this device, the State was able to effect a savings in interest expense during construc­
tion by drawing down funds only as needed. The discount rate was scaled from 0. 635 
percent per annum on the first sale in March 1949 to a peak of 1. 04 percent on a 
December 1950 renewal. The average annual rate was slightly under 1 percent. In 
1951, these notes were retired from the proceeds of a $7 million general obligation 
serial bond issue bearing a coupon rate of 1. 6 percent. Thus, the interest savings 
during construction was in the area of two-thirds of a percentage point. 

The Delaware River Joint Toll Bridge Commission used short-term notes to supple­
ment a regular bond sale and provide funds primarily for construction of a toll bridge 
between Trenton, N. J., and Morrisville, Pa. These bond anticipation notes were 
sold in 1949 at a coupon rate of 1 % percent, and were funded in 1950 from proceeds of 
a revenue bond issue with a coupon rate of 2. 3 percent. Here again, a savings of more 
than 1/2 percent interest was realized during the initial construction period. 

On a broader scale, the New Jersey Turnpike Authority obtained its original financ­
ing by means of a "forward commitment" agreement with some 50 institutional investors 
whereby the Authority was able to defer the immediate sale of $220 million of 3% per­
cent revenue bonds, and draw down only the amounts required to meet construction 
costs as they came due. The forward commitment provided for interest at a standby 
fee of 0. 5 percent on the undrawn balance. By this device, the Authority was able to 
realize a considerable savings in interest cost. 

The New York Thruway Authority also obtained its first financing with short-term notes; 
a $10 million loan in 1950, and a $60 million load in 1952, the latter bearing an interest 
cost of 1. 1 percent. These were sold to a syndicate of 21 banks. In 1953, the notes 
were retired from proceeds of the Authority's first issue of State-guaranteed bonds, 
sold at a net interest cost of 2. 638 percent. More recently, the Authority borrowed 
$50 million in April 1959, on State-guaranteed notes at an interest cost of 2.15 percent. 
These were renewed one year later for an additional six months at a rate of 2% per­
cent per year, and were subsequently funded in September 1960 from proceeds of a 
State-guaranteed bond issue sold at a net interest cost of 3. 46124 percent. As a re-
sult of the short-term financing, and hence postponement of the bond issue, the Author­
ity (8, p. 40) estimates savings of $7 million over the life of the bond issue. 

Several States have recently sold notes in anticipation of the receipt of Federal-aid 
funds or in anticipation of the sale of bonds to finance Federal-aid construction. Typical 
of these is Rhode Island where the legislature in 1960 authorized, subject to referendum 
approval, issuance of State-guaranteed notes during the fiscal years 1960-726

• These 

6 Ch, 86, P.L. 1960, ratified May 24, 1960. 
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notes are issued in anticipation of receiving reimbursement from the Federal Govern­
ment for the Federal share of the cost of the Interstate System in Rhode Island. The 
Act stipulates the principal amount of notes that can be outstanding at any one time, 
with a maximum of $63 million for the 1965-66 fiscal year. The notes may be sold at 
public auction or private sale, or to the State board of commissioners of sinking funds. 
Each Interstate note may be issued for a period of no more than two years, but may be 
refunded or renewed for additional two-year terms. Final maturity, however, must 
occur not later than eight years from the date of original issue. Proceeds from the 
sale of notes are placed in a special account, the "interstate reimbursement fund, " 
and expended only for the purposes offinancing the Federal share of the cost of the Inter­
state System. All receipts of the Federal Interstate highway monies are deposited in 
the fund, and are used to discharge the notes. 

Companion bills approved by the electorate of Rhode Island grant authority for the 
State to issue bonds and bond anticipation notes, and to finance the State's share of the 
cost of the Inte rstate System and of the Federal-a id primary and secondary systems 7 , 

Under these statutes, the State issued Interstate and bond anticipation notes in 1960-
61 (Table 12) at interest rates of 1. 5 to 1. 8 percent. As an illustration of the interest 

· rate differential, Rhode Island sold $6 million of highway improvement loan bonds in 
April 1961 at a coupon rate of 3% percent. Thus for interim financing purposes, the 
State has been able to realize substantial interest savings from its short-term loan 
program. 

Both Connecticut and Delaware have authorized issuance of highway bond anticipation 
notes in connection wit!). bond-financing programs8

• Connecticut, for example, sold on 
October 28, 1959, two series of one-year bond anticipation notes: Series A in the amount 
of $15 million, at a rate of 2. 9256 percent, and Series AA for $10 million, at a rate of 
2. 94 percent. However, when these notes were retired in 1960 from proceeds of defini­
tive bonds, the latter carried a coupon rate of only 2. 90 percent. In this instance, there 
seems to have been no advantage in short-term financing, and the State has not subse­
quently sold anticipation notes of this type. 

Two other methods of anticipatory borrowing have been used by the States to a varying 
degree. The first of these comprise appropriation advances or repayable advances from 
State sources other than regular highway funds. New York, for example, has for many 
years made annual "first instance" appropriations out of State general funds, for the 
purpose of providing the anticipated Federal share of the cost of Interstate and other 
Federal-aid system projects. The fiscal year 1963 budget (9, pp. 705-908), for ex­
ample, recommends an appropriation of $177 million as an advance of the Federal-aid 
apportionment expected to be made in August 1962. Because the apportionment to be 
made at approximately that time will be for fiscal 1964 and must be obligated not later 
than the end of fiscal 1966, with final reimbursements of Federal funds probably ex­
tending beyond that date, the effect of the "first instance" appropriation by the legisla­
ture is to make available an interest-free loan in anticipation of the receipt of Federal 
funds. Because of the interest-free feature, this method of financing offers a savings 
in highway costs compared to interest-bearing anticipation notes. 

The other method used rather extensively during the 1950's, stems from a provision 
in Federal highway statutes, permitting advances to the States of the Federal share of 
the cost of projects on any of the Federal-aid systems, including the Interstate system9

• 

Following adoption in 1956 of the accelerated Federal-aid highway programs, a number 
of States applied for and were granted advances to expedite financing of the program. 

During the 3-year period 1956-58, advances totaling $43,375,000 were made to 16 
States. However, in subsequent years, the Bureau of Public Roads has discouraged 
further advances in order to provide better control of available Federal-aid funds and 
avoid possible deficits from occurring in the Federal Highway Trust Fund. Nonethe­
less, this method has been useful to many States in meeting the impact of an expanded 
highway program. 

7 Chs, 85 and 88, Public Laws l960, 
8 Conn., P.A. No. l32, l959 Session; Del. H.B. 22l, ch. 40, vol. 53, Laws of Delaware, 

approved l96l. 
9 §6, Federal-Aid Highway Act of l944 (58 Stat. 838) codified as 23 U.S.C. l24. 
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TABLE 12 

RHODE ISLAND SHORT-TERM FINANCING, 1960-61 

Interest Par 
Type Purchaser Rate Value Issued Matures 

(%) ($1,000) 

Inter state notes Morgan Guaranty Trust 1. 625 & 4,000 12/9/60 6/9/61 
Co., N.Y. 1. 75 

Industrial National Bank, 
Providence, R. I. 1. 70 1,000 12/9/60 6/9/61 

First Boston Corp., 
N.Y. 1. 55 500 12/9/60 6/9/61 

Bond anticipa-
tion notes Morgan Guaranty Trust 

Co., N.Y. 1.70 2,000 12/9/60 6/9/61 
Inter state notes Morgan Guaranty Trust 1. 50 1,500 6/9/61 2/9/62 

Co., N.Y. 1. 55 8,500 6/9/61 2/9/62 
Solomon Bros. , & 1.65 & 7,750 2/9/62 11/9/62 

Hutzler, N. Y. 1. 70 
1. 80 7,000 2/9/62 5/9/63 

Morgan Guaranty Trust 1.65 & 1,250 2/9/62 11/9/62 
Co., N. Y. 1. 80 2,000 2/9/62 5/9/63 

Local governments, both counties and municipalities, make proportionately greater 
use of short-term financing than do the States. Table 13 compares the reported amounts 
of short-term road and street obligations issued by local governments during the four 
years 1956-59, with the amounts of long-term debt issued. 

The large increase noted in sales by municipalities in 1959 was the result of issues 
totaling $100 million by the Triborough Bridge Authority of New York. This Authority's 
definitive bonds, issued in 1952 in the amount of $215 million, carry maximum coupon 
rates of 21/a percent, whereas the 1959 notes were sold at 2% and 3 percent interest, 
reflecting, of course, the rising cost of borrowing during this period. The 3 percent 
notes, incidently, were retired in 1960 from the proceeds of a $100 million bond issue 
sold at a net interest cost of 4. 033408 percent. 

Authority Device 

The use of the public corporation, or authority, as a device to build and operate 
public enterprises is not new, even in the highway field, but its widespread development 
and acceptance during the 1950's has been an economic phenomenon. According to 
Preston (10), the number of State and local authorities reached a total of approximately 
1,800 by the beginning of 1959, exclusive of housing and redevelopment authorities. 

TABLE 13 

A COMPARISON OF SHORT-TERM NOTE AND LONG-TERM 
BOND ISSUES BY LOCAL GOVERNMENTS FOR ROADS 

AND STREETS, 1956-59 
($ X 103

) 

Counties and 
Townships Municipalities 

Percent Percent 
Year Bonds Notes Notes Bonds Notes Notes 

Are of Are of 
Bonds Bonds 

1956 101,891 22,989 22.6 313,312 51, 047 16.3 
1957 122,941 17, 759 14.4 365,494 59,792 16. 3 
1958 140,108 25,180 18.0 299,407 46,212 15. 4 
1959 152,845 28,156 18.4 336,204 165, 712 1 49.3 

I Including $100 million by Triborough Bridge Authority of New York . 
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As of January 1, 1961, some 75 authorities were active in the highway field (Table 
14), and of this number, 45 were created in the postwar period, 1946-60. Several 
others are in existence, but were not active during the study period. Moreover, a 
number of additional authorities have appeared, and subsequently disappeared, during 
the 40-year period since creation of the archetypal Port of New York Authority in 1921. 
Some of these, like the Michigan Turnpike Authority, have been established and later 
abolished when it was found that the project for which it was created was not feasible; 
others, like the Cairo Bridge Commission, have gone out of existence when bonds issued 
to finance construction had been amortized; still others have been merged with author­
ities having similar or broader functions, such as the Mystic River Bridge Authority 
which was integrated with the Massachusetts Port Authority. 

TABLE 14. 

STATUS OF l!ICIIWAY AND BRrDGE AUTHORITJES AS OF JANUAHY I, 1961 

""' 
Alo. 

caw. 
Colo. 

Fl:i., 

'"'· 

Ky. 
La. 

Me. 

Md. 

Mich. 

Neb. 

rc.u. 
N, J . 

N, y 

AlaLiama Highway A>1Lhorlly 
Alabama 11i ghw11y Fisiance Corporallon 
Calllorula Toll B1•idge Aulhorily 
stale Highway Deparlmenl Office Bul.lctlng 

At1Lho1lly 
Florlda Development Commission 
O!::f'!an HJghway aml Port Authority 
Santa Ron Islam! Aulhorily 
JacksonvUJe ExpresliWay Authority 
f'lorldaS1ateTu1npike Aulhority 
Slate Highway Authorily 
State Toll Bridge Aulhorlly 
Rural Roads Authority 
CoslaJ Highway District• 
SL:ite Toll Highway Commissrnn 
While Counly Bridge Commission• 
lndlMa Toti Road Commission 
Indlan.iTo!l Bridge Commission• 
AiJIO.IJt. Ceiinty ht~ Cem.m.l.ssion 
Q11.1i•lltidg"~'u•' °'"""'*' lk"1,:• C'clm•u•tcm• 
llh, ,c1nlJM1 DrWc• Ca,.-l\1111lui.ar.• 
Kansas. Turnpike Auihorlly 
Leavenworth Dddf:e Commission• 
The Turnpike Aul l-or ily of Kenlocky 
Mississippi River Bridge Authority 
Greater New Orleans Expressway 

Cemmh•1-

••--·•• ~a Ur~ud 
Ferry Aulhorlly 

M/llne Turnpike Aulhodly 
Mal.ne PorlAuthorily 
Baltimore COunly Uevenue Aulhorily 
Massachusells Turnpike Aulhorily 
MilHWilllNOa l'\:inAi!Kllorll:, 
Mncklnac Brldge Aulho1ity &II~:::. DI IJp A.u..llN'Uf d 

t 1\~!'t-i::l:.~~~.:i~~gan• 

O.,r1 """11 Dil'l. c.mmiH:NIA' 
f'i'o'111i Oal.lu Rtlr,lpil t'lwmut.!.a..,..• 
111c-tu..r,t... ONrJ., r,1,[ltllo·.-y tW1Mr11,.' 
Maine · Nei. !lamp.shire lnterslale Brldge 

Aulhorlly' 
New J e rsey Turnpike Aulhorily 
New Jersey Highway Authority 
Dclaw11re l'Uver Joint Toll Bridge 

Commtsslo11• 
Bul'ilngton County Bri~e Commission' 
C11pe ~fay County aridge Commission 
Jones Ouch Stale Parkway Autho1ity 
Nass/lo County Or1dr;c Authm lty 
New Yofk St11te Oddgc Aulhorlty 
Xff YIJf 8t11t• TIU\W,1)' /luO",lflty 
~.a,t.11-' ra1.1. ni•lcfc• Co1111n,J.u1i»t 
1""11 fll Kew Ylfrl. 1'1.lli.w"1• 

i~r~~~::~~:~~r~l tty' 
Lake Champlnln tlridge Aulhm ily 
r).a ff.Uoaad rorlE1ie Nblk Urldt:• 
~rJly' 

o,llrasWr11,Br1dge11r1d~l"""lt»rily° 
Adirondack M0tinla1n A,ilhorlly 
St. Lawrence Seaway Developnrnnl Corl)Ora­

tlon• 
East lludson Parkw;ir Authority 

Ohio Ohio Turnpike Commission 
Ohio Sl11te Bridge Commission 

Okla. Oklahoma. Turnpike Aulhorlty 
Orn. .Porl of flood mver Commission 
Pa. Stale IJ!ghwa.y anc.l Oridge Authority 

Fennsylv:u,l:i Turnpike Commission 
Dclnw:ire River Pol'L Aulhorily' 

R , I. Jamestown Bridge Commission 
Mount llop,e Bridge Aulhorily 

Te.~:i.s Texas l\Jrnpllle Aulhorily 
Va ElltJIJe(h Hlver Tu11nel Commission 

RichrnOlld·Pelerst..irg Turnpike Author,ty 
Chesapeake B.ly HriQge and Tonnl'I Com -

1111.111,1011 
Wash. Washington Toll Bridge A11thodty' 
W, V-•, West Vlt gtn,11 Turnpike Commission 

1)1.ml)ar City Oridge Commi.11sion 

Sum- Aulhorlllesoperati11gtoll crossing 
mary Cacllillss (46) 

Aulhorlllcs opcr:>.llng loU roads (19) 
Aulhorlllee operating both loll "-lid free 

racUJtlf.'s (4) 
Aulhorllh!BOperatlng- [ree highway 

racUUles(6) 

Total (75) 

Year 
cu:1,11:d 

1955 
19(3 
1929 

1951 
1955 
1951 
1941 
1955 
1953 
1953 
l95J 
1955 
1950 
1953 
1941 
1951 
1939 
1948 
19H 
1929 
1956 
1953 
1953 
1960 
1952 

195~ 

1960 
1941 
1929 
1955 
1952 
1956 
1950 

1954 
1935 
194J 
1943 
1943 
1943 

1937 
11146 
1052 

1934 
1948 
l!i39 
1933 
1945 
1932 
1950 
1939 
1921 
l939 
1946 
1921 

1933 
1960 
J929 

11154 
1960 
1949 
l!IJ5 
1947 
1950 
1949 
1031 
19Jl 
1937 
1954. 
1953 
1942 
1954. 

1054 
1937 
1941 
1941 

TyJ>fJof 
FacU!lles1 

F 
F 

TX 

F' 
TH 

TR 
TX 

Tl<F 
TR 
F 

TX 
F 

TX 
TR 
TX 
TR 
TX 
TX 
TX 
TX 
TX 
TR 
TX 
TR 
TX 

TX 

TX 
TR 
TX 2,500 
TX 
TR 
TX 
TX 

TX 
TX 
TX 
TX 
TX 
TX 

TX 
TR 
TR 265,000 

T«,F 
TX 
TX 
TR 
TX 
TX 
TR 500,000 
TX 
TX 
TX 
TX 
TX 

TX 
TX 
TR 

TX 
T&F 

TR 
TX 
TR 
TX 
F 

TR 
TX 
TX 
TX 
TR 
TX 
TR 

TX 
TX 
TR 
TX 

2,500 
765,000 

787,500 

8onds lsso1ed 1950·60' ($1,000) 

95,000 
4,000 

2,J8B 
146,062 

4,600 

'10,000 

36,835 

103, 500 

19,500 

65,000 

45,963 

105,000 

110,963 
24,100 

216,662 

~ 

167,374 

20,680 

14,000 

6,650 

12,500 
479,000 

280,000 

1,445 
4,200 

160,000 
3,000 

50,806 

5,400 
291,600 

H I 
99,800 

16,250 

'" 466,200 
45,000 

25,500 

40,000 
6,300 

2 1, 900 
400,000 
20,000 
85,344 

JOl,105 

326,000 
3,500 

106,000 
1,192 

296,000 
69,157 

3,100 
58,500 
48,857 
75,JSO 

199,991 
103,251 
133,000 

4, ~50 

1,222,575 
3,291,456 

46,380 

95,000 
4,000 

161,374 

2,366 
169,542 

4,600 

'10,000 
74,000 
36,&35 

6,650 
103,500 

12,500 
419,000 

260,000 

'1,445 
4,200 

119,500 
3,000 

65,000 

45,963 

5B,806 
2,500 
5,400 

291,BOO 

'" 99,800 

16,250 

2,800 
2,l85 
J,450 

899 
466,200 
330,000 

25,500 

40,000 
6,300 

21,900 
900,000 

20,000 
85,344 

301,105 

878 

326,000 
3,500 

106,000 
1,192 

105,000 
290,000 

89,157 

3,100 
50,500 
40,857 
75,150 

199,991 
103,257 
lJ3,000 

4,450 

1,338,036 
4,100,556 

265,042 

'100,446 ~. 560,411 6,046, JSO 
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Table 14 shows that 46 authorities operate toll crossing facilities (i.e., bridges, 
ferries, or tunnels), and of this number, 26 are Interstate or international in character, 
if not in organization. The seven international authorities include two in Michigan and 
five in New York. 

Of the 19 Interstate agencies, only 5 are true Interstate authorities; that is, created 
by Interstate compact: the Delaware River Joint Toll Bridge Commission, and the Del­
aware River Port Authority (Pennsylvania and New Jersey); the Lake Champlain Bridge 
Commission (New York and Vermont); the Maine-New Hampshire Interstate Bridge Au­
thority; and the Port of New York Authority (New Jersey and New York). 

Although the three bridge authorities are concerned solely with highway crossing 
facilities, the two port authorities are not so limited. The Port of New York Authority 
in particular is concerned with the financing and operation of a variety of transportation 
and terminal facilities in addition to six toll highway bridge and tunnel structures. 

Although the "youngest" of these five authorities was created in 1937, this is not 
necessarily indicative of the potential of the Interstate authority device in the future. It 
is significant that the two Interstate port authorities serve heavily-populated metropol­
itan areas, and such areas have been increasing rapidly in numbers and size the past 
two decades. Because many of them encompass a bi-State area, or border closely to 
State boundary lines, it seems probable that the Interstate authority device may prove 
to be the solution to many complex metropolitan problems, including, but not necessarily 
limited to, highway and other transportation problems. In summarizing the future pros­
pects of Interstate authorities, Leach (11) states: 

The efficiency with which the few existing interstate authorities 
are now meeting their assigned responsibilities, and the increas­
ing number of interstate problems which demand cooperative action 
for their solution both seem to suggest ••. that far greater use may 
be made of the device in the years ahead. 

The remaining 14 Interstate authorities were established as agencies of only one of 
two contiguous States, but operate highway toll bridges crossing State boundaries. Most 
of these are located in Illinois, Indiana, Iowa, Kansas, and Nebraska. Three of the 
agencies (the White County Bridge Commission, the Clinton Bridge Commission, and 
the Muscatine Bridge Commission) were created by act of Congress, and are subject 
to certain Federal audit controls. Although included with this group, the Washington 
Toll Bridge Authority also has financed and operates a number of intrastate bridge and 
ferry facilities in addition to two Interstate bridges across the Columbia River. 

Of the 19 toll road authorities, 15 were created since 1945, and 10 of these between 
1951 and 1960, thus indicating the great popularity of this financing device during the 
1950's. It was also during this period that most of the nontoll authorities were created. 

Th1rin0' thP 11-111><11" "'""" nf thi"' Qt11rl11 !>7 nf thP 7!> <111thnritiPQ .Qnlrl hnnrlQ fnr hiO'h­

way proj;cts in a~ aggr;gate amount or' $6 billion, as shown in Table 13. Because
0 

highway bonds issued by all governmental agencies during these years totaled $14.1 
billion (Table 7), the authorities thus accounted for 43 percent of all highway issues. 
It would appear that authorities are firmly intrenched in the field of highway finance. 

Seventeen of the 19 toll road authorities sold bonds during the 1950-60 period, in 
the amount of $4. 1 billion, or two-thirds of all debt incurred by authorities. One of 
the 2 remaining road authorities (the Turnpike Authority of Kentucky) entered the bond 
market in 1961, and by early 1962 had sold $186 million of turnpike revenue bonds. 

The features that distinguish highway financing by the authority device from those 
by traditional methods are not always clear cut. For example, a number of State high­
way departments and local governments finance and operate toll projects. However, 
this is not the primary function of a highway or public works department, and hence 
for purposes of this paper, authorities are restricted to those instrumentalities whose 
primary responsibility is the financing of highway facilities by means of revenue or 
limited obligation bonds, and which do not rely on general tax support nor have the 
power to levy taxes. 

The authority concept (~, p. 1) has flourished because it has proven successful in 
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most instances in meeting three basic needs: (a) a means of financing capital projects 
that would not conflict with constitutional limitations on creation of debt; (b) a flexible 
instrument to manage. commercial or "self-supporting" enterprises; and (c) an effective 
agency to administer international, interstate, or intercommunity projects10

• 

Preston (10, p. 206) classifies authorities in four basic categories, in terms of 
their administrative powers: (a) "standard" authorities, having all the necessary powers 
to plan, finance through revenue bonds, construct or purchase, maintain, operate or 
lease, and support through rates, tolls, rentals, or other charges any project that can 
be made to pay its way (for example, the Port of New York Authority); (b) "building" 
authorities, which may plan, finance, and construct, but which derive their revenues 
from a rental contract with the State or highway department, at rates sufficient to 
cover only annual debt service and reserve requirements; further, these authorities 
rarely maintain or operate the facilities (for example the Georgia Rural Roads Author­
ity and the Pennsylvania State Highway and Bridge Authority); (c) "financing" authorities, 
which do not plan, construct, or operate facilities, but serve merely as financing ve­
hicles (for example, the Alabama Highway Authority, which sold $95,000,000 of bonds 
between 1955-60, the proceeds of which were turned over to the State Highway Depart­
ment for construction of State highways and which are secured by a pledge of a portion 
of State gasoline tax revenue); and (d) "managing" authorities, which may be respon­
sible for operating, and possibly constructing, a facility, but which do not provide the 
financing (for example, the Greater New Orleans Expressway Commission, created as 
an instrumentality of Jefferson and St. Tammany Parishes, in whose names the bonds 
were issued). 

Although examples of each type in its "pure" form are found in the highway field, the 
highway authority is in many respects an anomaly. For example, two of the "standard" 
authorities (most common device for financing major toll road projects) have financed 
both with revenue bonds and with general obligation bonds guaranteed by the State-the 
New York State Thruway Authority and the New Jersey Highway Authority. In other 
instances, authorities have received direct or contingent support for their bonds by a 
pledge of certain State tax revenues. For example, to enhance marketability of bonds 
to finance the Southwestern Turnpike, the Oklahoma legislature in 1959 created a Turn­
pike Trust Fund to receive no more than $1,000,000 annually from taxes levied on 
motor fuel consumed on turnpike projects. An amount equivalent to three years' inter­
est can be accumulated in the Fund and drawn if needed by the Oklahoma Turnpike 
Authority to meet interest requirements on the Southwestern Turnpike bonds. 

The Kansas Turnpike Authority has a contract with the State Highway Commission 
whereby the Commission will advance as a loan from the State Highway Fund any amount 
required to meet deficiencies in meeting debt service payments on bonds issued for the 
Kansas City Expressway. 

The Turnpike Authority of Kentucky receives lease-rental payments from the Highway 
Department equal to the principal and interest requirements on its bonds; in Louisiana, 
each of three authorities (the Mississippi River Bridge Authority, the Greater New 
Orleans Expressway Commission, and the Ascension-St. James Bridge and Ferry Auth­
ority) receives contributions from State highway funds to augment toll revenues. 

In Washington, the Toll Bridge Authority has agreements with Pierce and King 
Counties whereby Pierce County sold $1. 5 million of bonds and placed the proceeds in 
a trust fund for use in the event tolls on the Authority's Tacoma Narrows Bridge were 
insufficient to cover bond interest; King County has pledged up to $9 million over a 
19-year period out of its share of State road-user taxes as added security for the Au­
thority's Second Lake Washington Bridge project. The 1961 legislature placed $0. 0025 
of a gasoline tax increase into the Puget Sound Reserve Account to serve as added se­
curity for the Authority's refunding bonds for the Puget Sound ferry system, and Hood 
Canal Bridge. 

The Florida Development Commission in financing a toll causeway to Cape Canaveral 
pledges not only tolls as security for the Causeway bonds, but also Brevard County's 

1°For a later symposium on public authorities (~). 
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- share of surplus (20%) gas tax revenues; if these prove insufficient, it pledges the full 
faith and credit of the Canaveral Causeway Special Road and Bridge District. If re­
quired, an ad valorem tax may be levied on all property in the District. 

Because of the relatively late appearance of the Authority in governmental financing 
and operation, most of the State constitutions are silent concerning the legal status of 
such institutions. For this reason it has been necessary, particularly where bonded 
indebtedness is involved, to test constitutionality of these agencies in courts. The 
courts have generally held that the "special-fund doctrine" applies to bonds issued by 
special State authorities; i.e., that indebtedness repaid from proceeds of special taxes 
or fees, levied for that express purpose, are not in violation of constitutional provisions 
regarding the creation of State indebtedness. This interpretation has undoubtedly con­
tributed to the success and modern prominence of limited and revenue bond financing, 
and particularly the creation of the separate authority. 

Critics of this type of financing are quick to comment that these are but devices to 
circumvent the prudent and precautionary safeguards written into the State constitutions 
for the purpose of preventing creation of an overburdening State debt. They also point 
out that the authority is frequently a "synthetic" organization, and that its operations 
are in many instances integrated with those of existing State highway departments, and 
this being the case, the need for a separate authority is not self-evident. 

It is also argued that if a separate authority is warranted, it does not justify the 
pledge of the credit of the State government in support of the authority's obligations as 
was done, for example, in the case of the New York Thruway and the Garden State 
Parkway (N. J.). Stated in reverse, if a public improvement justifies support of the 
State's credit, it does not require creation of an Authority. The critics would further 
use this argument in support of the contention that creation of a separate authority does 
not absolve the State of responsibility for any indebtedness incurred. Not only is there 
a mutual interest in the objectives to be achieved but also the State has a moral respon­
sibility to insure that its credit ratingwill not be impaired by any potential default of 
the authority's bonds. 

Although, fortunately, the States have faced this dilemma only rarely in modern times, 
when the occasion has arisen, action has usually been prompt. For example, Florida 
quickly took steps to refund the debt of the Fernandina Port Authority in 1951 following 
default in payment of a semiannual interest coupon, and in 1961, the State of Illinois 
approved an ordinance of the City of Chicago to advance $ 2 million out of road-user tax 
revenues to meet interest requirements on the revenue bonds of the Calument Skyway 
and avoid a default in payment of the January 1962 coupon. West Virginia, however, 
has not as yet found a means to improve the earnings of the Turnpike Authority ( which 
defaulted on the June 1958 interest coupon, and presently is running about two years 
behind schedule in meeting these semiannual payments). Any long-term solution will 
probably have to await improvement of connecting highways that may help generate ad­
rlitional traffic for th1>. t11rnpik1>., hut. thPi,P. hPnP.fitl'l ::irP. l'ltill in t.hP. fntnrP. , 

Perhaps the most compelling argument against authority financing, particularly that 
of toll authorities, is the almost inevitable higher financing cost of revenue bonds-often 
at interest rates from one to two percentage points higher than for general obligation 
bonds. 

The advocates of authority financing point out the flexibility of this method over that 
of the general obligation bond, authority for which frequently must be obtained both 
through the legislature and from the electorate with the attending uncertainties. It has 
been particularly effective where large capital programs are involved, and the need is 
urgent. 

Many authorities, as was seen, have been created where the scope of the program 
extends into two political jurisdictions, or where international boundaries are involved. 
In these situations, an authority is undoubtedly the most logical organization and may 
well be the only feasible one. 

It is also claimed that the Authority is as subject to public control and policy as any 
other State agency, inasmuch as it is a creature of the legislature which can (and does) 
limit the powers and duties of the Authority, require public audit of accounts, and set 
debt limitations, among other things. Furthermore, elaborate safeguards as to man-
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agement of funds are usually written into the trust agreements or indentures under 
which bonds are sold to the public. 

Although the experience is limited, the non-toll authorities have demonstrated an 
ability to borrow funds at interest rates not unfavorable in comparison with those the 
central government can obtain for general financing. Interest costs on bonds of the 
Georgia and Pennsylvania Bridge and Highway Authorities have been considerably 
lower than interest costs on the bonds sold by the toll Authorities in those States. 
Moreover, to strengthen the security back of the Georgia road authority bonds, the 
voters in November 1960 ratified a constitutional amendment, making it obligatory for 
the legislature to appropriate the amounts necessary to meet the lease rental payments 
on the authority bonds11

• The State Attorney General subsequently ruled that by such 
action, the bonds have become general obligations of the State. 

Other States have been studying the experience of the Pennsylvania "free road" Au­
thority, and it is likely that similar agencies will make an appearance in other areas, 
particularly where the machinery for meeting the problem of modern highway financing 
is cumbersome and outmoded. 

Interest Rates 

The earlier study of bond financing (2) ended at a time (1951) that bond interest rates 
were near their lowest point during this- century. During the period of this study, bond 
interest rates have shown a steady upward trend, reflecting a general tightening of the 
money market. 

As measured by the Bond Buyer's monthly index of the State-local government bond 
market, the average yield of 20 selected bond issues rose from a low of 1. 58 percent 
in early 1951 to a high of 3. 81 percent during 1959. Thereafter, the index declined 
slightly, but remained at 3. 51 percent at the end of 1961. 

The values of this index are given by years in Table 15 and the monthly values are 
shown graphically in Figure 8. This index of calculated yields is obtained by averaging 
the market value of general obligation bond issues of selected states and local govern­
ments. According to the "Bond Buyer" (13) , the bonds selected are those having a 
maturity of about 20 years and selling at a price close to par, with few exceptions. Al­
though the same bond issues are not used year after year (because of trading inactivity 
or other factors, the selection is changed to make the index more representative of the 
market), the average rating of the 20 bonds used in the index falls midway between the 
four top groups as classified by recognized 
rating agencies. 

The value of this index to the highway 
administrator is evident, even though it 
is not indicative of the rates at which spe­
cific State and local highway bonds are 
sold. It does measure a trend in the fi­
nancing cost of borrowing, and can be 
useful in planning the timing of bond sales 
programs. 

Just as the yield rate is an indicator 
of the rate of return to the investor, the 
"net interest cost" is the factor typically 
used in measuring the cost of a bond is­
sue to the borrower. Prospective bidders 
for highway bond issues usually express 
their bid in terms of an effective interest 
rate, which is computed by determining 
at the interest coupon rate or multiple 
rates specified by the bidder (or by the 

11 Georgia Constitution; Art. VII, §VI, 
paragraph I (a). 

TABLE 15 

THE BOND BUYER'S INDEX OF THE 
MUNICIPAL BOND MARKET (20 BONDS) 

Year 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

Index of Yield1 

2.07 
1.66 
2 . 11 
2.40 
2. 54 
2. 38 
2. 56 
3. 23 
2 . 97 
3. 40 
3. 78 
3. 39 

1 January of years l950-61. 
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Figure 8 , Bond buyer ' s index of municipal bond market, 1950- 61 . 

borrower, in some instances) the cumulative total dollar value of all interest on the 
bonds from date of issue, or from date of settlement, to their maturity and deducting 
therefrom any premium (or adding thereto any discount). The resulting net interest 
cost is then expressed in terms of an effective rate of interest to the borrower. In 
reality, it is the weighted average interest rate of a bond issue. Under competitive bidding, 
the banking institution, investment house , or bond syndicate offering the lowest net in­
terest cost is awarded the sale. 

The net interest cost has been computed for nearly all highway bond issues of State 
agencies during the 11-year period of this study, with the costs identified separately 
for toll revenue bond issues, for general obligations, and for limited obligation bonds. 
Table 16 gives the bond sales by net interest cost class intervals. From the frequency 
distribution in the table, the average net interest cost has been computed for each vear 
for each major class of bonds and shown in Figure 9 as the value ofthe weighted arith­
metic mean. 

As the figure shows, the sales of general obligation bonds have followed reasonably 
well the trend shown by the Bond Buyer's index of yields, with the average of sales 
during 1950- 52 falli11g below 2 percent, those during the next 4 years falling mostly in 
the 21

/ 2 percent range, and those in 1957-60 pushing beyond the 3 percent mark. 
Except for convergence in 1953, the net cost of limited obligation bonds has consist­

ently exceeded that of the guaranteed bond, and since 1956 the average differential has 
been about one-half a percentage point. 

It is interesting to compare the interest cost of general and limited bonds with the 
cost of issuing toll revenue bonds which [or the most part dur ing the years 1950-55 s old 
at ave r age net interest cos ts wi thin the 3 to 3% pe r cent range, the n increased beyond 
the 4 pe1·cent r a nge, and by 1960 had rea ched the 4112 pe r cent le vel. DuTing the 11-yea r 
span covered by this study, the a ve r age interest cost of toll revenue bonds was in the 
range of 1 Y4 to 1 % percentage points higher than for general obligation bonds, and as 
much as 1 percentage point higher than for limited obligations. Although such general 
comparisons are hazardous because the differential in costs is influenced by many 



factors (such as the condition of the money 
market at the time of sale, size of issue, 
and magnitude of prior debt of the issuing 
agency), the inherent factor of risk can­
not be overlooked. The unhappy earnings 
record of some revenue bond facilities 
has undoubtedly had an effect in establish­
ing an interest rate differential for this 
class of bond. 

Although a comparison of the net inter­
est cost of various bond sales must be 
weighed carefully in the light of the pre­
ceding factors, it has been possible to 
select a few illustrations of sales occur­
ring closely together in point of time and, 
in most instances, within the same State, 
which emphasize the differential in cost 
of revenue bond financing versus that of 
general or limited obligations. 

On July 1, 1953, the New Jersey High­
way Authority sold $150,000,000 of State­
guaranteed bonds with serial maturities 
to 1988 at a net interest cost of 2. 997 per­
cent. On the same date, the New Jersey 
Turnpike Authority also sold $150,000,000 
of nonguaranteed toll revenue bonds, ma­
turing as a term issue in 1988 at a net in­
terest cost of 3. 4923 percent. 

On January 1, 1958, Connecticut sold 
$ 77 million of general obligation express­
way bonds with serial maturities to 1997 
at a net interest cost of 3. 258 percent. On 
the same date, the Illinois Toll Highway 
Commission sold $ 64 million of revenue 
bonds, with a term maturity in 1998 at a 
net cost of 4. 970 percent. 

On September 21, 1960, the State of 
Michigan sold $25,000,000 of Trunk Line 
Highway Bonds as limited obligations se­
cured by road-user tax revenues. These 
bonds mature serially over a 25-year 
period and were sold at a net interest 
cost of 3. 78 percent. On August 11, 1960, 
the International Bridge Authority of Mich­
igan floated a $16,250,000 revenue bond 
issue comprising a Series A issue of 
$8,400,000 sold at a net interest cost of 
5. 125 percent and a $ 7, 850, 000 Series B 
issue at 6. 0 percent. Both series are 
40-year term bonds maturing in the year 
2000. 

The State of Kentucky sold $15,000,000 
of general obligation highway bonds on 
June 14, 1961, at a net interest cost of 
3. 6042 percent. These are 30-year serial 
bonds. On June 23, 1961, the Kentucky 
Turnpike Authority issued $118,000,000 
of limited obligation bonds (secured by 
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Figure 9. State obligations for highways, by weighted average net interest costs. 

tolls and/or State lease-rental payments) at a net interest cost of 4. 928 percent. The 
issue comprises $20,000,000 of 25-year serial bonds and $98,000,000 of 40-year term 
bonds. 

Also during 1961, the State of Ohio sold on November 22 $30,000,000 of limited ob­
ligation highway bonds (secured by road-user taxes) at a net cost of 2. 88 percent, and 
three weeks earlier (November 3) the Oklahoma Turnpike Authority sold $56,500,000 
of bonds secured by tolls and a pledge of gas tax earnings at a net interest cost of 4. 85 
percent. 

On February 1, 1962, Delaware sold $10,000,000 of general obligation highway bonds 
at a net interest cost of 2. 83 percent. On February 21, the State sold $28,000,000 of 
turnpike revenue bonds at a net cost of 4. 1875 percent. 

It would be hazardous to draw too positive conclusions based on the differentials il­
lustrated by these examples, yet all evidence points to the fact that the cost to the public 
of revenue bond financing, and even of limited obligation bonds that are dependent to 
some extent on earnings of the facility, is consistently higher than that of the guaranteed 
bond issue. 

Maturity Schedules 

Another factor that influences the cost of borrowing is the length of maturity of the 
bond issues. Table 17 and the weighted averages in Figure 10 show the span of years 
to maturity of the various State highway bond issues sold during the period 1950-60. 
Because the maturity features are not dissimilar, general and limited obligations are 
treated as one group. Here again, the maturities for toll revenue bond issues are con­
sistently for longer terms than are those for general and limited bonds. Except in 1953, 
1957, and 1959 when the differential was less than 10 years, Figure 10 shows that the 
average revenue bonds issue carries a 10- to 15-year longer term to maturity than do 
general and limited obligation bonds. 

Toll revenue obligations are usually issued as term bonds; that is, they mature on 
a fixed future date and will be redeemed from the accumulations of a sinking fund. The 
term may vary from 10 to 50 years, but most bonds of this type in recent years have 
been for terms of 35 to 40 years. Interest on term bonds remains constant, of course, 
so long as the bonds are outstanding. The sinking fund is accumulated by annual con­
tributions out of current revenues expected to be sufficient to meet current interest 
charges and, together with investment earnings, to redeem the bonds at maturity. The 



earnings estimates on which the sale of 
revenue bonds are predicated, are usually 
so favorable as to anticipate call and re­
demption of the obligations well in advance 
of stated maturities. However, only time 
will prove the validity of these estimates 
for many toll-financed projects. 

General and limited obligations are 
usually issued as serial bonds; that is, 
the principal is retired on an annual 
schedule, and interest payments decline 
as the loan is amortized. No sinking fund 
is required, because the annual debt ser­
vice payments are met from current rev­
enues. For purposes of Table 17, serial 
bond issues are grouped according to 
their longest maturities to make them as 
comparable as possible with term bond 
maturities. The bond-financing policies 
of State agencies have been so varied, 
however, as virtually to eliminate inmany 
instances the features that distinguish 
term from serial bonds. Some States, 
for example, issue serial bonds by name, 
but schedule maturities in such a manner 
that redemptions are relatively light, or 
even deferred, in early years and are con­
centrated heavily in the final 4 or 5 years. 
fu other States, term issues are being 
called for redemption on an annual basis, 
and sinking fund requirements are mini­
mized or eliminated. 

Debt Refunding 

For this study, bond issue and re­
demption as results of refunding opera­
tions have been excluded for the most 
part from the tabulations and analyses. 
This has been done to avoid giving a mis­
leading picture of the magnitude of bor­
rowing as a device to raise capital funds, 
which would result if both original and 
refunding bonds were to be included. 

The use of refunding bonds, however, 
has been a time-honored device for the 
States as well as local governments to 
take advantage of lowered interest rates 
or adjust the maturities of bond issues. 
This usually requires, of course, the in­
clusion of a call feature in the original 
bond issue that will permit the bonds to 
be redeemed in advance of maturity. 

During the decade of the 1930's, State 
agencies sold or assumed $2,049 million 
of highway obligations, of which $ 550 
million (27 percent) were refunding bonds. 
During this depression period, most re-
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Figure 10. State obligations for highways, by average maturities in years. 

funding was dictated by economic necessity to avoid or correct for default in meeting 
interest and maturity requirements, and had little relevance to interest rates, which 
by the mid-1930's had reached the highest levels since 1900. 

Between 1940 and 1949, the States sold $1,579 million of highway obligations, of 
which $ 708 million were refunding bonds (nearly one-half). Most of this refunding was 
to take advantage of declining interest rates which, according to the Bond Buyer's in­
dex (13), dropped from a yield rate of 5. 48 percent in 1934 to 1. 42 percent by 1946. 

From 1950 to 1960, the States sold only $268 million of refunding bonds in addition 
to the $9, 764 million of original issues, or 2. 7 percent of all bond sales. Virtually 
all the refunding was in connection with toll facility financing, and interestingly enough, 
the refunding issues in nearly all instances bore a higher rate of interest than the bonds 
that were retired from the proceeds. r·or exampie, the New Jersey Turnpike Authority 
redeemed $30 million of 1 % percent revenue bonds sold in 1952 from the proceeds of 
a $150 million revenue bond issue sold in 1953 at 3% percent interest. In 1959, from 
the proceeds of 4% percent bonds, the Massachusetts Port Authority redeemed the re­
maining $21,620,000 debt of the Mystic River Bridge originally issued in 1947 at 27/s 
percent interest rate. · 

In 1946, the Maine Tu_rnpike Authority sold $20 million of toll road revenue bonds 
bearing coupon rates of 2':12 and 2% percent, and maturing as term bonds in 1976. In 
1953, the Authority sold $75 million of revenue refunding and extension bonds bearing 
an interest rate of 4 percent and maturing in 1989. From the proceeds of the 1953 sale, 
the 1946 issue was retired. Thus, the users of the original turnpike section must now 
bear an added interest expense of at least 11

/4 percent yearly, extended over an additional 
13 years. 

Much the same thing occurred more recently in Florida, where the Turnpike Author­
ity in 1961 sold 4% percent revenue bonds to extend the present turnpike an additional 
158 miles and to redeem the remaining bonds outstanding on the original toll road proj­
ect, issued in 1955 at an interest rate of 31

/4 percent. In addition to providing for the 
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increased interest cost of 11
/2 percent, the toll road user finds that the refunding bonds 

have moved the final maturity date six years further into the future. 
Most of these refunding operations have in reality been consolidations, whereby the 

authorities have sought to improve marketability of bonds issued to finance new ventures 
by pledging the resources of established facilities. This could not be done, of course, 
where indebtedness existed on prior facilities unless the underlying debt could first be 
retired or a majority of the bondholders would agree to a diminution of their security. 

In contrast to this, the Pennsylvania Turnpike Commission financed its East-West 
turnpike system under a 1948 "closed-end" indenture. As a result, bonds to finance 
the later northeast extension from Philadelphia to Scranton had to be issued under a 
1952 indenture that could not pledge as security revenues of the east-west system until 
all the 1948 indenture bonds were retired. The Commission has Since found to its 
embarrassment that revenues on the northeast extension have been inadequate to meet 
debt service requirements, whereas those on the east-west system far surpass needs. 
As a result, the 1948 indenture bonds are being retired in advance of maturity as rap­
idly as possible so that tolls may be pledged to the 1952 indenture bonds before default 
can occur. The timing may be very close. 

Perhaps the classic example of debt consolidation by means of refunding relates to 
the bond issues of the Port of New York Authority. Between 1926 and 1938, this Agency 
sold a total of $131. 3 million of revenue bonds to construct three Staten Island toll 
bridges and the George Washington Bridge and to acquire the Holland Tunnel. All these 
early issues were serial bonds secured by a pledge of the revenues from each specific 
facility. The effects of the depression and of a general lowering of interest rates after 
1934 led the Authority to issue general and refunding bonds as term bonds and to apply 
the proceeds to retire all of the original serial bonds, and to provide funds for con­
struction of the Lincoln Tunnel and certain other facilities. Under this plan, revenues 
of all facilities were pooled as security for the entire debt. 

The postwar period saw a great increase in the Port Authority's activities. Truck 
and bus terminal facilities were constructed, and the Authority took over operation of 
the Port Newark marine terminal and the four major airports in the New York area. 
General and refunding bonds were issued to finance the inland terminals, but special 
marine and air terminal bonds were issued to finance improvements at Port Newark 
and the four airports. 

Beginning in 1952, the Authority adopted a plan to unify the debt structure further. 
All future financing was to be by means of consolidated bonds, to be secured by revenues 
of all facilities not otherwise pledged. By the end of 1961, through refunding and new 
financing ventures, including major improvements to the George Washington Bridge 
and to other facilities, some 82 percent of the Authority's outstanding debt was repre­
sented by consolidated bonds. 

Between 1950 and 1960, an estimated $85 million of consolidated bonds were issued 
to finance improvements and expansion of the bridge and tunnel facilities. Thus, there 
is no longer any identity of debt structure as it applies to specific facilities, and the 
highway user will be expected to continue paying tolls on the crossing facilities so long 
as any consolidated debt is outstanding. 

CURRENT DEVELOPMENTS IN HIGHWAY BOND FINANCING 

The remainder of this study is concerned with an examination of some of the more 
prominent and perhaps novel State highway bond-financing programs. Although this 
study generally covers the period 1950-60, some bond programs initiated in 1961 and 
during the early months of 1962 are included because of their significance or timeliness. 
A review is made of general, limited, and revenue bond financing. 

General Obligation Issues by Constitutional Amendment 

As mentioned previously, 22 States constitutionally prohibit borrowing, except by 
means of an amendment. During the 1950's, 5 States among this group sold general 
obligation bonds. 

Alabama. -Alabama voters in December 1951 approved a constitutional amendment 
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authorizing a $25 mill ion bond issue. These guar anteed bonds wer e issued in 1952 at 
a coupon rate of 1 % pe r cent, and the p roceeds applied to match Federal-aid highway 
funds. Since then, the State has sold nearly $100 million of limited obligation highway 
bonds , but has not again resorted to the amendatory process. 

Louisiana. -Between 1950 and 1960, Louisiana issued $100 million of general obli­
gation bonds under 3 separate constitutional amendments . Under an Act of the 1946 
legislature 12

, the State sold $10 million of highway bonds in 1950, payable from $ 0. 04 
of the gasoline tax. In 1953, 1954, and 1958, the State sold an aggregate amount of 
$30 million under a second amendment13

• These bonds are also payable from gasoline 
taxes. 

By an act of the 1955 legislature14
, the State adopted a 10-year, long-range highway 

program, with an initial authorization of $60 million in bonds. Under this authorization, 
$30 million of long-range highway bonds were issued in each of the years 1959-60, at 
net interest costs ranging from 3. 4973 percent on a 1959 sale, to 3. 79 percent on a 
1960 sale. As security for these bonds, the State pledged proceeds of certain motor­
fuel taxes, vehicle license fees, and mineral leases on State-owned lands. No addi­
tional bonds may be issued unless the pledged revenues for the preceding year are 
equal to twice the maximum annual principal and interest requirements of the outstand­
ing bonds. 

All highway bonds issued under the provisions of these three constitutional amend­
ments carry the further pledge of the full faith and credit of the State of Louisiana. 

Minnesota. -For a 20-year span between 1936 and 1956, Minnesota issued no high­
way bonds. In 1956, a constitutional amend1ment15 was adopted which, among other 
things, created a trunk highway fund to receive certain road-user taxes, and from which 
debt service would be paid, and which authorizes issuance of trunk highway bonds, with 
not more than $150 million to be outstanding at any one time. The amendment further 
stipulated that bonds must mature not later than 20 years after issue, be sold at not less 
than par, and not bear interest in excess of 5 percent. The bonds will be full-faith ob­
ligations of Minnesota. 

During the years 1956- 59, the State issued a total of $ 46 million of trunk highway 
bonds under enactments specifying the purpose for which the proceeds would be used, 
as follows: 

Purpose 

Highway office building 
Trunk highway bridges 
Right-of-way acquisition 

Amount($) 

6,000,000 
20,000,000 
20,000,000 

These bonds ,.11ere sold at net interest costs ranging from a. low of 2. 325 pei'"cent on 
1956 sales to 3. 0323 percent on 1959 sales. 

Unde r a 1959 Act1 , the State is authorized to finance construction of trunk highways 
within the city limits of St. Paul by issuing to the city non-inte rest- bearing trunk high­
way bonds in repayment of advances by the dty of cash and/ or engineering services. 
The city elected to sell its own interest-bearing bonds to provide funds to advance to 
the State, and during 1961, it sold $4,750,000 of 3.1 and 3. 2 percent serial bonds. The 
State, in turn, deposited with the city a like amount of trunk highway bonds having ap­
proximately the same maturities. 

12 Adopted as amendment to Art. VI, §22, Louisiana State Constitution. 
13Louisiana Constitution, Art. VI-A, §5, adopted November 4, 1952. 
14 Act 141, 1955 Session, adopted April 17 , 1956 as Art . VI, §23 of Louisiana 

Constitution. 
15 Minnesota Constitution, Art. XVI, §12, amended November 6, 1956, effective July l, 

1957. 
16 Ch. 538, 1959 Session Laws of Minnesota. 
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By earmarking bond proceeds for specific purposes and within specific areas, Minne­
sota has departed somewhat from the usual practice of issuing general obligation high­
way bonds for unspecified highway projects. In the case of the St. Paul bonds, the State 
has, in effect, shared the financing costs with the city, in that the State will meet the 
principal and the city the interest requirements of the bonds. 

Oregon. -Oregon adopted a constitutional amendment17 in 1920 permitting borrowing 
for highways not to exceed 4 percent of the assessed valuation of all property of the 
State. Within this limitation, the legislature may authorize borrowing without voter 
ratification. During the years 1951-53, the State issued $72 million of highway bonds 
as general obligation and pledged road-user tax revenues for debt service. In 1957, 
the State sold an additional $20. 6 million of bonds, of which $12. 6 million was ear­
marked for construction of a scenic coastal highway on US 101 between Gold Beach and 
Brookings. At the end of 1961, the State had slightly over $55 million of bonds out­
standing. Under its limitation and based on a 1961 assessed valuation of approximately 
$3 billion, the State can issue up to a ceiling of $120 million of highway bonds. 

West Virginia. -West Virginia issued $84. 5 million of general obligation bonds 
between 1950 and 1960, pursuant to constitutional amendments. A 1920 amendment 
authorized the issuance of not to exceed $ 50 million of State highway bonds. A unique 
feature of this amendment was the specification that the State may issue bonds, "the 
aggregate outstanding amount of which, at any one time, shall not exceed fifty million 
dollars." Under this provision the State may "reissue" bonds from time to time, as 
the outstanding debt authorized under this amendment falls below $50 million. During 
the period 1950-60, the State "reissued" $39 million of these bonds, represented by 
sales in 9 of the 11 years, and at the end of 1960 had outstanding $49. 6 million of bonds 
under this authorization, consisting entirely of reissues. This type of amendment is 
somewhat similar to that in Oregon. 

The limitation is expressed in dollars in West Virginia, whereas, in Oregon it is 
expressed as a percentage. 

West Virginia's practice of reissuing bonds has the effect of funding a pe!,'fetual re­
volving debt of $50 million with interest (at present reissue rates) of about 3 Y2 percent 
per year. Because the annual sales are approximately the same amount of annual re­
tirements, the State is creating no additional capital funds through this method of fi­
nancing and, as interest rates have risen, has in effect refunded low interest-bearing 
obligations by the substitution of bonds carrying higher rates. Moreover, the 1961 
legislature appropriated $6, 345, 000 from general revenues to aid in payment of prin­
cipal and interest on outstanding road bonds, although these bonds are a first charge 
against the State road fund which receives proceeds of road-user taxes. 

A West Virginia constitutional amendment ratified in 1948 authorized an issue of 
$50 million of bonds to build secondary and farm-to-market roads. Under terms of 
the enactment, these bonds cannot be reissued. Between 1950 and 1953, inclusive, 
$45. 5 million of these bonds were sold, all with 15-year maturities, with final retire­
ment scheduled for 1968. 

The West Virginia general obligations carry a Moody's rating of "A," sharing with 
Louisiana's bonds the lowest rating for State-guaranteed obligations sold during the 
period of this study. 

General Obligation Issues by Referendum 

Among the 17 States that require referendum approval of general obligation bonds, 
7 (Arkansas, Kentucky, Maine, New Jersey, New York, North Carolina, and Rhode 
Island) undertook this method of borrowing during the 1950-60 period. The following 
discussion concerns some of the more significant of these. 

Maine. -From 1952 through 1959, Maine issued a total of $52. 5 million of voter­
approved general obligation bonds, of which $39. 5 million financed statewide construc­
tion of road and bridge projects, and $13 million were for specific crossing facilities, 
including the Bangor-Brewer and Jonesport Reach toll bridges, as well as toll ferries 

17 0regon Constitution, Art . XI, §7, 
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operated by Maine Port Authority. By virtue of the State guarantee, bonds in the amount 
of $ 2. 5 million for the Bangor-Brewer bridge were sold in 1952 at a net interest cost of 
1. 639 percent; those for the Jonesport Reach bridge in 1956 at 2. 499 percent net cost, 
and those for the ferry service for 2. 928 and 3. 0726 percent in 1958 and 1959, respec­
tively. In contrast to this, nonguaranteed bonds of the Maine Turnpike Authority were 
sold in 1953 at a net interest cost of 4. 114 percent. 

New Jersey. -'New Jersey voters in November 1952 ratified an Act18 that authorized 
the pledge of the State's full faith and credit back of an issue of bonds not to exceed 
$285 million to finance portions of a 164-mile toll highway from Paterson to Cape May, 
known as the Garden State Parkway. The act also specified that the bonds would have 
to mature within 35 years and would bear interest at not to exceed 3 percent per annum. 

As early as 1945, the State Highway Department had begun construction of sections 
of this route, known as the Route 4 Parkway, as part of the State highway system. Funds 
appropriated were sufficient to complete only 22 miles of the parkway in 6 years, and it 
became apparent that if the parkway was to be completed within the foreseeable future, 
either legislative appropriations would have to be increased considerably or credit fi­
nancing would be required. 

Studies of the toll potentiality of this route were made, and it was concluded that a 
closed-type toll road, similar in design to the New Jersey Turnpike, would not be fea­
sible because of the heavily urbanized area extending some 30 miles north of the Raritan 
River which the parkway would traverse. It was therefore planned to build the parkway 
as a barrier-type facility (with toll-free entrance and departure between barriers); i.e., 
the vehicle would pay a predetermined toll at each gate through which it passed, without 
regard to the distance traveled between gates. 

Although this barrier system of toll collections had been used earlier in Connec.ticut 
on the Merritt and Wilbur Cross Parkways, and on the Westchester County, N. Y., 
parkways, it had not previously been used on any road that was planned to be entirely 
self.liquidating from tolls. There was, therefore, some doubt that investors would 
be willing to finance a venture of this kind, requiring so great an outlay. It was this 
factor that prompted the legislature to call for a referendum to place the State's guar­
antee back of the bond issue. It was felt that this would assure a market for the bonds, 
and that lower interest rates could be obtained. 

It was decided that the parkway would be made free of tolls on the sections built by 
the State Highway Department. The original plan for a road on which commercial ve­
hicles would be banned was modified to permit use by buses and to allow truck traffic 
south of the Ocean County line (near Lakewood)-approximately three-fifths of the park­
way length. 

Initial financing of the parkway by the Highway Authority was undertaken in the sum­
mer of 1952 when invitations were tendered to New Jersey banks and trust companies 
to subscribe to $10,000,000 of Series A notes. This plan was modified within a week 
'lnhon ~oNa't"'"'l Dooo.-,.'lro tl"'nlr nff;n~ .... lo ;"~;,...,,,f-,a;I -1-lu::,.~n ,...'h,.,,..,...f. .,.,...,...._ """4-,.,,,... """ hn.""rln ,....,"nlrl 
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be speculative and therefore might not be acceptable in any bank that was a member of 
the Federal Reserve System. The Authority then proposed to obtain $10,000,000 to 
$20,000,000 in loans from New Jersey banks at 2 percent interest. In August 1952, 
138 New Jersey banks made a short-term loan of $17,000,000 maturing July 1, 1953, 
and the first construction contracts were awarded by the Authority. 

In September 1952, the State Department of Law ruled that the Authority had suffi­
cient legal power to extend the parkway from its northern terminus at Paramus to the 
New York State line. The Authority had sought such a ruling in order to increase use 
of the road and expand its revenues. 

In November, the voters approved by nearly 2 to 1 the referendum authorizing a 
State guarantee of the Authority bonds, but plans for permanent financing were delayed 
when constitutionality of the act was challenged. By January 1953, an additional 
$11,000,000 temporary loan had been negotiated with New York and Philadelphia banks, 
as the Authority marked time while the question of State guarantee of Authority bonds 

18 Ch. 17, New Jersey Laws of 1952. 
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In July, $150,000,000 of Series A serial bonds were sold at a net interest cost of 
2. 997 percent. In November, the remaining $135,000,000 of bonds authorized was 
sold at a net interest cost of 2. 7652 percent. Final maturity of these bonds is scheduled 
for 1988. 

From proceeds of the Series A bonds, the $28,000,000 of temporary loans was re­
deemed. Reinvestment of these loans had reduced the net interest cost to less than 1 
percent during the period of temporary financing. 

As construction proceeded, the Authority adopted the policy of opening sections of 
the parkway as soon as completed. The first section on which tolls were levied was 
opened in January 1954, and other sections followed. On July 1, 1955, the parkway 
began full operation. 

In May 1954, the Authority announced plans for a $25,000,000 extension to the 
New York line to be completed by 1955, and for construction later of a ferry to link 
the Cape May end of the parkway with Lewes, Delaware, across the Delaware Bay. 
Legislation was enacted in July authorizing tolls on the northern extension. It was also 
determined that an additional $15,000,000 to $25,000,000 would be needed to complete 
the original parkway. Because the State guarantee had been exhausted, additional funds 
had to come from revenue bond financing. 

Accordingly, in November 1954, the Authority sold $20 million of Series C revenue 
bonds maturing in 1988, at a net interest cost of 3. 236 percent. In July 1956, financ­
ing was completed with the sale of $25 million of Series D and E revenue bonds to ex­
tend the parkway to the New York line. These bonds were sold at a net interest cost of 
4. 4534 percent. 

The financing of the facility illustrates quite forcefully the interest cost differential 
in general vs revenue bond financing. Indicative of the security features, Moody ratings 
were "Aaa" for the general obligation of the the Authority and "Baa" for the revenue 
bonds even though the earnings of the facility since its opening have been adequate to 
meet all debt service requirements, and the State has not had to draw on other re­
sources (motor fuel or property taxes) to supplement them. 

New York. -The New York electorate in November 1951 ratified an amendment to the 
State constitution19 authorizing the guarantee by the State of a maximum of $ 500 million 
of bonds to be issued by the New York Thruway Authority. This action, and that taken 
by New Jersey with respect to the Garden State Parkway bonds, are the only instances 
where voters have pledged the faith and credit of the State back of toll road Authority 
bonds. This has led some critics to question whether, under the circumstances, the 
creation of an independent State Authority is justified. The use of the authority device 
has been frequently used in conjunction with the financing of highway projects, both toll 
and toll free, where the use of limited or revenue bonds was indicated because of con­
stitutional limitations. In retrospect, it appears that both New Jersey and New York 
could have successfully undertaken their toll highway programs under sponsorship of 
the existing highway department organizations, and thus avoided, or at least minimized, 
some of the administrative costs necessarily incurred by a separate authority. 

The New York Thruway system, a network of 559 miles of highway, was in 1951 ex­
pected to be completed at a cost that could be financed within the limits of the guaran­
teed bond authorization. It soon became apparent that costs of the initial Thruway and 
subsequent additions would far surpass these limits, and in 1954 the legislature grant­
ed the Authority power to issue revenue bonds to finance completion. Accordingly, 
the Authority sold $350 million of revenue bonds in 1954 and an additional $50 million 
in 1959. 

From 1953 through 1960, the Authority sold a total of $900 million of general and 
revenue bonds (Table 18). 

The $ 400 million of revenue bonds have first claim on toll and other revenues of 
the Authority, even before that of the guaranteed bonds. This may have played an im-

19 New York Constitution, Art, X, §6 . 
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TABLE 18 

BOND STATUS OF NEW YORK THRUWAY AUTHORITY1 

Type 

State guaranteed: 

1st 
2nd 
3rd 
4th 
5th 
6th 
7th 

Subtotal 

Revenue: 

Series A 
Series B 
Series C 

Subtotal 

Total 

isource: (14, p. 34). 

Date Sold 

5/5/53 
9/15/53 

10/11/55 
12/7/55 
2/15/56 
2/6/58 
9/8/60 

6/16/54 
12/7/54 
8/12/59 

Par Value Net Interest Cost 
($) (%) 

125,000,000 2. 6382 
125,000,000 2.6981 

50,000,000 2.51464 
50,000,000 2.7370 
50,000,000 2.41836 
50,000,000 3. 12365 
50!000!000 3.46124 

500,000,000 2.765542 

300,000,000 3. 0716 
50,000,000 2. 6828 
50! 000! 000 4.1996 

400,000,000 3.1519 

900,000,000 2.9567 

portant part in holding the net interest cost spread to an average of 0. 4 percentage 
points. 

During the period covered by this study, New York also issued a total of $213 mil­
lion of highway and grade-crossing elimination bonds as guaranteed obligations of the 
State. 

Following defeat by the voters in 1955 of a proposed $750 million highway bond 
authorization coupled with an increase in motor fuel taxes, a new proposal was drafted 
in 1956 and ratified by the voters in November of that year20

• It authorized i ssuance of 
$ 500 million of guaranteed highway bonds, but did not provide for a tax increase ( this 
was to come 2 years later). Under this authorization, the State sold during 1958 and 
1959 a total of $90 million of bonds, maturing serially over a 20-year period, and at 
net interest costs ranging from 2. 368 percent on a 1958 sale to 2. 9527 percent on a 
1n,:::n ,.......,1.-,. 1'.T.-.. ,...,,.l-,.,...,...,.., .. ,... ..... .i- ,....,...1,..,.. \.,...,.,u,... 1,,.,...,... .... ..._..,,,;J,... ..,,.,u.:J cl!,110 ...._.;11.;,...""" ,....f ..,,,4-1,,,,..._..;,r,",;J 
.LtJVt.l OCl..L'C,. J."tV OU.JJO'C,'{U'C,1,ll, oa..1.c;o u.a.v11,;, u~~u . .L.l.1.c::1.U.~, a..uu. ~-:a:.LV .U . .l.L.L.L.LV.l.l V.L Cl,\,1.1,,U.V.L.L~ .... \,A. 

bonds remain unissued. 
The State alsosold$77 million of grade-crossing elimination bonds in 1950-51, and 

an additional $46 million in 1957-59, to comprise the remainder of the guaranteed 
obligations. 

General Obligation Issues by Legislative Enactment 

Seven (Connecticut, Delaware, Massachusetts, New Hampshire, South Carolina, 
Tennessee, and Vermont) of the 11 States that require only legislative approval of 
borrowing, sold general obligation bonds during the period 1950-60. (If limited and 
revenue bonds are included, all but one State-North Dakota-in this group sold bonds.) 
Some of these States are reviewed later in connection with revenue bond financing. Suf­
fice it here to limit study to one State (Connecticut) thathasfinancedhighwayworkfrom 
the proceeds of bonds of each of the three major types. Connecticut's record of sales 
is given in Table 19. 

2 °Ch, 761, Laws of 1956, State of New York. 
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CONNECTICUT BOND ISSUES 
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General Obligations Limited Obligations Revenue Bonds 

Year 
Sold 

1954 
1956 
1957 
1958 
1959 
1960 

Total 

Amount 

35,000 
77,000 
38,0001 

35,440 

185,440 

Net 
Interest 

Cost 

3.6 
3.258 
3.72998 
2.89 

Net 
Amount Interest Amount 

Cost 

100,000 2.857 
100,000 2.8798 

50,000 3.689 30,0001 

35,000 3.99 
62,500 4.2998 

347,500 30,000 

1 1957 revenue bond issue of $JO million retired from proceeds of $38 million 
general obligation bonds of 1959. 

Net 
Interest 

Cost 

4.75 

Connecticut Turnpike Bonds. -The 1957 and 1958 sales of general obligations, and 
all of the limited obligations given in Table 19 comprise the $459. 5 million total of 
bonds authorized to finance the Connecticut Turnpike, a 127-mile expressway from 
Greenwich to Killingly, that was opened to traffic January 2, 1958. Although tolls are 
collected at 8 barrier points, only 23 miles of the route are considered to be toll sec­
tions (i.e., sections on which the toll cannot be avoided); on the remaining 104 miles, 
vehicles are permitted ingress and egress without payment of toll. Connecticut chose 
to place responsibility for financing, maintaining, and operating this facility under the 
existing State Highway Department, rather than to create an independent authority. The 
Department covenants to meet all maintenance and operating expenses from other than 
turnpike revenues, thus permitting gross tolls and other income of the facility to be 
applied to debt service. Should these be inadequate, the Act provides a lien on motor 
fuel tax revenues, and in the case of the two general obligation issues, the further 
pledge of the State's full faith and credit. 

Because of the difficulties encountered by the State in obtaining financing for this 
project, more than a superficial review of the bond issues is warranted. The 1953 
legislature authorized21 the State highway commissioner to construct the expressway 
and to issue bonds secured not only by toll earnings but also by a firmly indentured 
claim on the State's gasoline tax revenues. The comprehensive Act also created an 
expressway bond committee to consist of the Governor, State Treasurer, Comptroller, 
Attorney General, Commissioner of Finance and Control, and the Public Works Com­
missioner. The functions of the committee, included providing financial management 
for the project, prescribing bond issue terms, conditions, and interest rates, and 
approving toll schedules. 

In April 1954, the committee adopted a bond declaration authorizing the issue of 
$ 398 million of expressway bonds, based on the then estimated cost of completing the 
project. Limitations were placed on annual debt service requirements, annual matur­
ities of the serial bond issues, redemption premiums for advance retirements, and 
interest rates. The last was set at a maximum of 4 percent. 

The first $100 million bond issue was sold in May 1954. A second sale of $100 
million was scheduled for December 1955, but was postponed because of market con­
ditions until February 1956 . Meanwhile, the 1955 legislature had amended the express­
way Act22 to provide that the first bond issue should ha ve p.rio r clai m on motor fue l 
taxes (if needed) and U1at s ubsequent issues s hould be subordinate in that respect. The 

21 Connecticut, Public Act 411, 1953 Session . 
22 Connecticut, Public Act 52, 1955 Session. 
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1955 Act also authorized the State to finance free roads through issuance of bonds pay­
able from gasoline taxes and other highway fund revenues, but restricted all further 
bond issues to those for which debt service would not exceed 50 percent of the gasoline 
tax receipts from the preceding year at a rate of $0. 04 per gallon then covenanted for 
benefit of bondholders. This Act also authorized the sale of not to exceed $ 50 million 
of 1-year bond anticipation notes. 

Despite the subordinate security pledged for the second series bonds, they sold at 
about the same net interest cost as the first series. In October 1956, however, the 
State scheduled sale of a third series of bonds in amount of $75 million, but found a 
reluctance on the part of banking groups to accept the issue. Although the issue was 
then scaled to $ 54 million in hopes of attracting a better bid, and reoffered in Novem­
ber 1956, no bids were received. It was reported that the 4 percent interest rate lim­
itation was unrealistic in the light of market conditions. To provide stop-gap financing , 
the bond committee in January 1957 sold $16 million of 9-month notes at 2.18 percent, 
and shortly thereafter obtained approval from the 1957 legislature to increase the amount 
of bond anticipation notes that could be issued from $ 50 to $100 million. The statute 23 

also pledged the full faith and credit of the State to these notes. 
A third issue of bonds in the amount of $ 50 million was successfully marketed in 

April 1957, after the bond committee had taken steps to improve terms of the issue. 
The committee assigned priority of financing to the western part of the expressway 
from the Connecticut River to the New York State line (estimated to account for 88 per­
cent of costs and 94 percent of revenues), and provided that no expressway bonds would 
be issued for the eastern section until all costs of the western section had been per­
manently financed and until it could be verified that the entire expressway would be self­
supporting from revenues. Provision was made to finance completion of the eastern 
section from proceeds of short-term notes. Despite these terms, the third series 
bonds sold at a net interest cost of 3. 689 percent, substantially above the cost of the 
1956 issue but not out of line with then current market rates. 

To provide financing for the added cost of the expressway, the second 1957 Act raised 
the limit on short-term notes from $100 to $150 million, and also authorized the State 
to issue $150 million of general obligation bonds to complete the financing. 

The fourth definitive bond issue, and the first to carry the State's guarantee, was 
sold in August 1957 in amount of $35 million as 40-year serial bonds. This issue was 
sold at a net interest cost of 3. 6 percent. As the bond market was improving, the 
State offered a fifth series of limited obligations in November 1957 in the amount of $35 
million, and these were sold at a net interest cost of 3. 99 percent, just under the 4 per­
cent self-imposed limitation. 

When the expressway was opened on January 2, 1958, the State had outstanding $79. 5 
million of short-term notes, of which $31.1 million had financed the western section, 
in addition to $320 million of bonds. In February of that year, the State sold its sixth 
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which sold at a net cost of 3. 258 percent. The proceeds were applied to complete fi­
nancing of the western section, including retirement of the $31. 1 million of notes. 

Financing the expressway was completed more than a year later when in June 1959 
the seventh, and final, series of limited obligations was issued in amount of $62. 5 mil­
lion to fund the cost of the eastern section, including retirement of $ 57 million of gen­
eral obligation notes. This issue bore the highest net interest cost (4. 2998 percent) of 
any of the sales. 

Although beset with financial difficulties , the State exercised prudent management in 
financing this important expressway facility (some 87 miles of which are on Interes tate 
95). By bol'rowing funds as needed, a nd making extensive use of short-term notes, in­
terest costs were held to a minimum during the four-year construction and six-year 
financing period. However, had the State chosen to make use of general obligation bonds 
exclusive ly, the inte res t costs to final maturity in 1997 of the pres ent bond serie s would 
undoubtedly have been s ubstantially reduced (the cost of the 1958 gene ral obligation issue 

23 Connecticut, Public Act 2, 1957 Session. 
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was a full percentage point below the 1959 limited bond issue) , and the State would have 
had less difficulty in marketing its securities. 

Other Connecticut Bond Issues. -The $73,440,000 of general obligation bonds sold 
in 1959 .and 1960 (Table 19) were the first increments of a $346 million, 4-year high­
way bonding program approved by the 1959 legislature 24. In 1961, the State sold an 
additional $28,980,000 of bonds under this authorization at a net cost of 2. 83 percent. 
As contemplated in the program, bonds would be supplemented with State and Federal­
aid funds to bring the total financing to $ 522 million. Of the total bond issues , $ 222 
million are to be grant anticipation bonds; i.e., bonds to finance the Federal share of 
Interstate projects for which the State will receive reimbursement after 1963. By this 
method the State will be able to accelerate Federal-aid Interstate system construction 
beyond the pace governed by the amount of Federal funds available annually to the State. 

The 1961 legislature increased the borrowing authority by an additional $125 million 
to build 24 specific highway projects, permitted issuance of gr ant anticipa tion notes and 
made optional the issue of bonds as general or limited obligations of the State 25

• The 
Act also created a highway debt service fund to receive all State motor-vehicle regis­
trations and license fees after July 1, 1961. 

Limited Obligation Bonds 

As explained previously, this class of bonds comprises those issues secured wholly 
or in part from the proceeds of highway funds, but which do not carry the further guar­
antee of the full faith and credit of the State. During the period, 1950-60 covered by 
this study, the amount of limited bonds issued for highways ( $ 2, 433 million) was almost 
as great as the amount of general obligation bonds ( $ 2, 770 million), indicating the pop­
ularity of this type of bond. 

According to the na ture of the security, Umited bonds can be divided into two groups: 
(a) those secured entire ly from the proceeds of State tax reve nues and highway funds , 
and (b) those secur ed partly from such r evenues and partly from toll and other earnings 
of the specific facilities to be financed. Examples of financing through the use of the 
authority device are found in both groups. Some of the more prominent examples of each 
type are described. 

Road- User Tax Bonds in Ohio. --The Ohio voters in November 1953 approved a con­
stitutional amendment authorizing the issuance of tax revenue bonds up to $500 million. 
Under terms of the resolution, not more than $125 million could be issued in any one 
year, and none after 1962. All bonds must mature by 1972. The bond authorization 
was part of a $1 billion highway construction program to cover an 8-year period, and 
to be financed, in addition to the bond proceeds, by revenues from an added $0. 01 per 
gallon motor fuel tax, and a highway use (axle-mile) tax, both of which were enacted 
in 1953. Remaining funds would be derived from other highway and Federal-aid funds. 

Ohio's constitution prohibits borrowing, and before adoption of the bond amendment, 
the State's only experience with bond financing had been in connection with the revenue 
bond financing of Ohio River toll bridges by the State Bridge Commission during the 
1930's, and the sale in 1952 of $326 million of toll road revenue bonds by the Ohio Turn­
pike Commission. Thus, the financing of major toll-free highways by means of tax 
revenue bonds represented a departure in the State's highway financing policies. Under 
the amendatory device, the State could have sought voter approval for a general obliga­
tion bond issue, and this might have further reduced the cost of borrowing, because 
Ohio's guaranteed debt is rated "Aaa," whereas the tax revenue bonds are rated only 
"Aa" by bond-rating houses. 

The $ 500 million of major thoroughfare construction bonds, as the tax revenue bonds 
were called, were issued over an 8-year period (Table 20). The State has managed its 
bond program wisely. The spacing of sales in small increments, and only as required 
to meet construction commitments, has resulted in financial savings, both as to initial 
interest costs as well as interest rates. The reasonably short serial maturity schedule 
will also result in interest savings over the life of the bond issues. The total cost to 

24 Connecticut , Publ ic Act 132, 1959 Session . 
26 Connecticut, Public Act 605, 1961 Session . 
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road users for this bond program is computed as follows: 

Bond principal 
Interest, 1954-72 

Total 

$500,000,000 
108,474,000 

$608, 474,000 

Interest is thus found to equal 22 percent of the bond principal. This is in sharp con­
trast to the cost to the users of financing the Ohio Turnpike. The $326 million turn­
pike revenue bond issue sold in 1952 at a 31

/4 percent coupon, matures in 1992, and 
according to the Official Statement (15, p. 16) interest and principal requirements 
would be as follows, assuming advance retirements from revenues during the years 
1957-1992: 

Bond principal 
Interest, 1956-92 

Total 

$326,000,000 
245,246,000 

$ 571, 246 , 000 

For this issue, interest will equal 75 percent of bond principal. Actually, the first 
retirement of turnpike bonds occurred in 1961, rather than 1957, so that the estimated 
cost may well prove to be conservative. 

The debt service on major thoroughfare construction bonds in 1960 totaled $41. 2 
million, and during that year the proceeds of the pledged $0. 01 motor fuel tax, and the 
highway use tax were $30. 7 million, and $17. 6 million, respectively, and in addition, 
the State had built a reserve fund by the end of the year of $41. 5 million. Thus, the 
State at present has ample security to meet all debt requirements. Ohio's accelerated 
program has moved it to the vanguard among States in meeting highway needs envisioned 
by the Federal-aid Interstate program. According to records of the Bureau of Public 
Roads, as of May 31, 1962, Ohio had obligated 65 percent of its fiscal 1963 Federal 
Interstate funds, and also 71 percent of 1963 ABC funds, to rank among the top 4 States 
in this respect. 

Road- User Tax Bonds in Michigan. -Michigan, like Ohio, has a constitutional pro­
hibition ag;i.inst borrowing but, unlike Ohio, has chosen to use limited obligation bonds 
without submitting the question to the electorate. During the early 1920's, the State 

TABLE 20 

OHIO MAJOR THOROUGHFARE CONSTRUCTION BOND ISSUES 

Year Par Net Maturities Issue Value Coupon Interest Sold ($ X 10G) Cost 

1954 Series A 30 1. 0 -6. 0 1. 381 11956-64 
1955 Series B 52 2. 0 -6. 0 2.308 1956-72 
1956 Series C 50 3.0 -3 . 5 3. 0932 1956-72 

Series D 25 3. 0 -6. 0 3. 1106 
1957 Series E 32 2. 5 -6 . 0 2.906 

Series F 32 3. 6 -6. 0 3. 754 1957-72 
Series G 31 3. 0 -6. 0 3. 324 
Series H 30 3.0 -6 . 0 3.345 

1958 Series I 32 2. 0 -6. 0 2. 559 
Series J 32 2. 0 -6. 0 2 .673 
Series K 31 2.5 -6 . 0 3 .881 1958-72 
Series L 30 3. 25 -6 . 0 3. 373 

1959 Series M 31 3.0 -6 . 0 3. 537 1960-72 
1961 Series N 32 2.5-5 . 0 2 . 92 1962-72 

Series 0 30 2. 5 -6 . 0 2 . 88 1962-72 
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issued $ 50 million of general obligation highway bonds under a constitutional amend­
ment26 ratified in 1919, but over a span of nearly 30 years, the State did not borrow for 
highway purposes , except for small amounts of toll bridge revenue bonds issued during 
the late 1930's by the Michigan State Bridge Commission. 

In 1945, the State entered into a contract with Wayne County and the city of Detroit 
to finance jointly construction of the John C. Lodge and the Edsel Ford Expressways 
within the city of Detroit. The three participating units contributed a total of $5 mil-
lion annually which, together with Federal-aid funds , had reached an aggregate of $42 
million by the end of 1950. However, at that rate of progress it had become evident 
that an additional 15 yea r s would be required to complete the projects, and the 1950 
legislature accordingly enacted a statute 21 authorizing the State to enter into a con-
tract with any county, city, or village, for the construction of limited-access highways 
to be financed with proceeds of bonds secured by a pledge of the road-user tax revenues 
accruing to each of the participants from the State (motor vehicle) highway fund. The 
legality of these proposed bonds was challenged in the courts , and the Michigan Supre me 
Court held them not to be in contravention of the constitutional prohibition on borrowing. 28 

The court, in explaining the special fund doctrine, quoted the following from a Califor­
nia decision 29

: 

The overwhelming weight of judicial opinion in this country is to the 
effect that bonds, ••. issue d by states, cities, counties, ..• if such 
particular bonds or obligat ions are se cured by and payable only f r om 
the revenues to be realized from a particular utility or property, 
acquired with the proceeds of the bonds or obli gations , do not con­
stitute debts of the particular s tate , ..• withi n the definiti ons of 
"debt s" a s used in t he constitut i onal provisions of the s tates having 
limitations as to t he incurring of indebt edness . 

This describes, in most succinct terms, the distinctive features of nonguaranteed bonds. 
Following this decision, the State sold late in 1951 the first of a series of limited­

access highway revenue bonds to provide additional financing for the Lodge-Ford ex­
pressways. Later, bonds were issued under the 1950 statute for the construction of a 
number of other expressway projects, such as the Detroit-Toledo and Grand Rapids 
expressways, and by 1957 when the last of this series was issued, the State had sold a 
total of $203 million of bonds, out of an authorized total of $300 million. The 1950 
Act limited the annual expenditure by the State from its share of highway funds to 
$3,500,000. Later Acts raised this limit to $12 million, although the maximum annual 
pledge as of September 30, 1961, was $9,953,935. 

The net interest cost of the limited-access bonds ranged from a low of 2. 032 percent 
on $ 20 million sold in December 1952, to a high of 3. 3772 percent on $17 million sold 
in January 1957. 

Under the 1950 Act, as amended, the State could issue an additional $97 million of 
bonds, and pledge an additional $2,046,065 of State highway funds annually. It appears 
doubtful, however, that any additional debt will be created under the provisions of this 
statute because of the limiting feature of the State's pledge. 

In 1955, Public Act 87 authorized the issuance of highway construction bonds to ex­
pedite financing and construction of necessary highways , and also increased the gaso­
line tax by $0. 015 per gallon and imposed some additional fees on commercial vehicles. 
Under this authorization, bonds in the amount of $25,000,000 were sold in September 
1956 at a net interest cost of 3. 042 percent to provide the State's share of cost of 184 
miles of Interstate highways and 36 miles of trunkline highways. The bonds were se­
cured by a second lien against the State Highway Department's total allocations from 
the Motor Vehicle Highway Fund. No additional bonds may be issued under the provis­
ions of Act 87, as bonding provisions of this act have been repealed. 

26 ~tlchigan Constitution, Al.·t . X, §lO. 
27 

Ptlblic Act 22, 1950 E.xtra Session, amending Act 205, Public Acts of Michigan, 1941. 
:asziegle v . Witherspoon, 49 N.W.2d 318 . 
29 CaJ.ifornia Toll ~ridge Authority v. Wentworth, 212 Cal, 298, 298 P. 485. 
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Faced with the need for additional borrowing authority to accelerate highway con­
struction, the 1957 legislature by amending Act 51 of the 1951 Public Acts30

, broadened 
the basis for bond financing and at the same time provided certain limits on the bond 
interest rates and maturities of future sales. 

Under Section 18(b) of this Act, the State Highway Commissioner, subject to approval 
by the State Administrative Board, may issue limited obligations to pay all or any por­
tion of the cost of construction or reconstruction of highways, including limited-access 
highways, which he is authorized to construct either with or without participation by 
other governmental units. In authorizing each issue, the Administrative Board must, 
by resolution, describe the contemplated project and estimate the cost thereof, as well 
as stipulate the amount, maximum interest rate, and maturity dates of the bonds. 

Under Section 18(d) of Act 51, as amended, the Commissioner may enter into con­
tracts with counties, cities, and villages to finance highway construction on a partici­
pating basis, by which each of the contracting parties may make an irrevocable pledge 
of its annual share of Motor Vehicle Highway Fund receipts for periods not in excess of 
30 years. Bonds maybe issued by any governmental unit that is a party to the contract, 
subject only to the limitation that the annual pledges for these bonds, or any other bonds 
paid from the same funds, cannot exceed 50 percent oi the participants' annuai share oi 
Motor Vehicle Highway Fund receipts. The State's limitation applies after first de­
ducting the pledges for bonds issued under the 1950 and 1955 statutes. 

Bonds issued under either Section 18 (b) or 18 (d) shall be serial bonds, with 25-year max­
imum maturities; bear interest at not to exceed 5 percent; and be redeemable before maturity. 

Between 1958, when the first bonds were issued under Act 51, as amended, and December 
31, 1961, the State issued a total of $363 million of trunk line highway bonds under Section 18 
(b) and Expressway Bonds under Section 18(d) at net interest cost ranging from 3. 307percent 
for $100 million sold in May 1958 to 4. 2861 percent for$ 50 million sold in July 1959. 

Thus, in summary, the State of Michigan has issued a total of $591 million of road­
user tax revenue bonds between 1951 and 1961. Of this total, the State is responsible 
for debt service on $514,190,000 and $ 76, 810, 000 is the responsibility of local units 
of government (16, p. 23). Based on its share of fiscal 1961 receipts, the State has 
utilized nearly two-thirds of its annual funds available for debt pledge computed as 
follows on the basis of fiscal 1961 receipts (in millions of dollars): 

Motor vehicle highway fund receipts (State share) 
Pledges for Act 205 and Act 87 bonds 

Balance of funds 
50% available for 6 § 18(b) and 18(d) bonds 
Pledges for § § 18(b) and 18(d) bonds 

Balance available for pledge 

99.7 
11. 5 
88.2 
44.1 
24.6 
19.5 

Michigan's accomplishment under its bond financing program has been impressive in re­
cent years. In 1957, the State launched a $1. 25 billion 5-year construction program, cover-
;,.."',.. f-ha l'ieonl"'I l '170.<"l .,...Cl' 1 O~Q_R.? f-n ha finqnr,aN hu <ln .ac:d·+rvvlii-aN 4: ',,()',, Ynill inn in lj"la~a.,...q 1 '"'iM 4: ':I:~() 
.L.L.1.f:, l...l&'-'.L.LU'-'"4,,.LJ"-'""'.LU.LUVV -.,._..._'\.lfVV&...L&.l. ...... &&..._..._......_,,_,J .......... ._...,._. ............... _ ... .._. ..... '¥._,V...,,L.a..1..L..L ... .L'\.l&&.L&&.&..._,....,...., ... ....,.._'4,.L\A.' o/UUV 

million in current State funds, and $415 million in bonds. By the end of the fourth year 
of the program, the State (17, p.16) could announce, with justifiable pride: 

During the past four years, Michigan has moved from 35th to first 
place among all states in the construction of Interstate Highways, 
leading the nation for the calendar year of 1960, and for the first 
six months of 1961, in the amount of Interstate construction placed 
under contract. Michigan currently ranks second in the nation in 
the amount of toll-free Interstate Highways open to traffic and 
built to standards adequate for 1975 traffic. At the end of fiscal 
1961, Michigan had 372 miles of such highways open for travel. 

Although Michigan has been highly successful in managing its highway bond program, 
it is probable that a pledge of the State's credit would have resulted in reduced interest 
costs. According to the State Auditor's 1961 report (16), the average interest rate on 

30 Public Act 262, 1957 Laws, amending Act 51, 1951 Laws of Michigan. 
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$355 million of general obligation bonds for veteran's bonuses and hospital buildings 
sold by the State during the years 1947-54 ranged from 1. 44 to 1. 84 percent. The 
average rate for expressway bonds has been 2. 84 percent; for highway construction 
(Act 87), bonds 3. 04 percent; and for Trunkline highway bonds, 3. 74 percent. 

Nonetheless, the interest cost of highway bonds has been far lower than the toll 
revenue bonds sold by the Mackinac Bridge Authority or the International Bridge Au­
thority of Michigan. Bonds of the former, in amount of $99,800,000, were sold in 1954 
at a net interest cost of 4. 349 percent, whereas those of the latter, in aggregate amount 
of $16,250,000, sold in 1960 at 5. 0 and 6. 0 percent net interest cost. 

Alabama Highway Authority. -As discussed earlier, Alabama issued $25 million of 
general obligation bonds in 1952 to match Federal-aid funds. This issue had been re­
quired to take up the slack in tax revenues as a result of the State's reducing regis­
tration tag fees in 1952 to $3, one of the lowest rates in the Nation. Faced with the 
need for additional capital funds, the legislature in 1955 increased the motor-fuel tax 
from $0. 06 to $0. 07 per gallon and created the Alabama Highway Authority31

• The 
enabling statute authorized $ 50 million of bonds, and subsequently in 1959, the legisla­
ture authorized an additional $60 million32

• The proceeds were used to continue a large 
road-building program and to match Federal funds. 

Between 1955 and 1961, the Authority sold $110 million of bonds in eight separate 
sales, ranging in amounts from $6 to $20 million, and at net interest costs from 
2. 903 percent on the 1955 sale to 3. 83 percent on a 1960 sale. All issued are callable; 
were issued at par or at a slight premium, mature serially over a 20-year period, and 
carry an A rating. 

Security for the bonds is a pledge of the following portions of the State gasoline tax. 

1. Remainder of $0. 02 of gas tax (after amount required to service general obliga­
tion highway bonds) pledged first for service of 1955 Act bonds, with remainder for 
1959 Act bonds. 

2. Two-thirds of $0. 01 of gas tax pledged first to the 1955 Act bonds, with remainder 
for 1959 Act bonds. 

3. One-third of $0. 01 of gas tax all to the 1959 Act bonds. 

The Authority is one of the "financing" type, inasmuch as it is merely a vehicle by 
which the bonds are issued. Its membership consists of the Director of Finance, the 
Highway Director, Attorney General, State Treasurer, and Executive Secretary to the 
Governor. Except for small amounts charged for travel expenses, legal services, and 
bond issue expenses, the proceeds of the bond sales are transferred to the Highway De­
partment as required. 

By use of the authority device, the State has avoided the need for a constitutional 
amendment to authorize additional borrowing and has carried out a 7-year improvement 
program by means of limited obligation bonds. However, indications are that the State 
may have overextended its resources by reducing taxes and by using bond financing as 
a substitute for tax revenue in financing current highway needs, rather than as an aux­
iliary means of financing an accelerated "catch up" program. 

P ennsylvania State Highway And Bridge Authority. -Although Pennsylvania adopted 
constitutional amendments in the 1920's and 1930's authorizing highway borrowing, the 
amendatory procedure in that State has been complicated by two factors. First, the 
constitution requires action of two consecutive legislatures before an amendment can 
be submitted to the electorate. Second, a particular section of the constitution may not 
be amended more often than once in five years. Undoubtedly, these factors have had 
an important bearing on the decision by the legislature to create special authorities such 
as the Turnpike Commission, the State Highway and Bridge Authority, and others with 
power to issue bonds not subject to constitutional restriction. 

The Pennsylvania State Highway and Bridge Authority was organized in 1949 as a 
public corporation and the enabling legislation was written in such a way that, although 
legally an independent agency, the Authority has no actual existence outside the Depart-

31 Act 43, §§9 and 10, Laws of Alabama, Special Session 1955, 
32 Act 45, Laws of Alabama, Special Session 1959, 
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ment of Highways. Its function is solely to provide a legal means for borrowing money 
on the security of a portion of State highway-user revenues. 

The enabling legislation gave the Authority the power to borrow $40,000,000. The 
Act provided that the Authority has no power to pledge the full faith and credit of the 
State but only its own resources. 

Under the Act, the Highway and Bridge Authority can undertake any type of highway 
project, but not until plans and specifications have been "submitted to and approved by 
the Department of Highways." Further provisions enable the Authority to cooperate 
with the Department of Highways in the use of its equipment, personnel, and other fa­
cilities. In practice, the Authority employs no personnel save legal counsel and all its 
work is done by the Department of Highways. 

The following procedures are necessary to assure compliance with the legal and con­
stitutional provisions involved in the establishment of the Authority: All highway proj­
ects financed with funds borrowed by the Authority are designed, contracted for, and 
constructed under the supervision of the Department of Highways acting as agent of the 
Authority. The Authority and the Department of Highways, before the construction of 
the project, sign an agreement whereby the Authority leases the facility to the Depart­
ment for a specified rental. The rentals are to be derived from the highway user taxes 
and other State moneys deposited in the Motor License Fund, and are applied to prin­
cipal and interest on the Authority's bonds. In fact, the rentals will equal the debt ser­
vice requirements plus the administrative costs of the agency. 

Subsequent legislation raised the borrowing power of the Authority to $ 80 million in 
1951 and to $120 million in 1955. The 1961 legislature added an additional $300 million 
borrowing authority, under which bonds can be issued at a rate not to exceed $50 million 
per year. This latest increment is designated to finance an accelerated interstate system 
construction program. 

As of the end of 1961, the Authority had issued a total of $120 million of bonds at net 
interest costs from 1. 2534 percent for $15 million sold in 1949 to 3. 5545 percent for 
$10 million issued in 1959. 

The Authority is evidently destined to play a major part in the State's highway-fi­
nancing program. On November 30, 1961, construction contracts had been awarded 
for the Authority in the aggregate amount of $125 million, and the Authority had fi­
nanced or shared in financing numerous major projects, such as the Penn Lincoln 
Parkway in the Pittsburgh area and the Schuylkill Expressway into Philadelphia. Rental 
had been fixed on 97 completed projects at a total annual rate of $10 million at the end 
of 1961 (18). 

Florida Limited Obligations Secured by Tolls and Road-User Taxes. -Financing by 
means of limited obligations secured by a pledge of tolls and road- use r taxes has been 
discussed in connection with Connecticut bonds. A variation of this method is also used 
by Florida. The constitution of Florida prohibits the issuance of State bonds (with the 
usual exceptions for wars and emergencies). However, State funds are used to service 
a large volume of highway debt through various boards and commissions and, in addition, 
several authorities have been created to finance specific toll projects. At the end of 
1960, $293,812,000 of highway debt was being serviced by State agencies-none of it a 
direct obligation of the State. 

In general, debt management is vested in five agencies: the Florida State Board of 
Administration, the State Road Department, the Florida Development Commission, the 
Jacksonville Expressway Authority, and the Florida State Turnpike Authority. (The 
last mentioned is discussed later, in the section on revenue bond financing . ) 

State Board of Administration. -The State Board of Administration (whose members 
are the Governo1·, State T reasurer, and State Comptroller) acts as the fiscal agent for 
the State, administers all county highway debt incurred before 1931, with the power to 
refund same, and receives , beginning in 1943 and for 50 years thereafter, the annual 
proceeds of $0. 02 per gallon motor fuel tax as a fund to service the county debt. The 
share of this fund that accrues to the benefit of each county is determined by a formula 
that gives equal weight to (a) area, (b) population, and (c) the counties' contributions to 
the cost of State road construction before 1931. The remaining county road indebted­
ness chargeable to this fund was $27,451,000 as of June 30, 1960, and 39 of the 67 
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counties are now free of this class of indebtedness. Out of each county's share, sur­
plus funds not required for debt service are allotted 80 percent to the State Road De­
partment and 20 percent to the county. These surplus funds must be used for highway 
purposes within the county, but may be pledged and applied for debt service on new bond 
issues. 

State Road Department. -The State Road Department has entered into "lease-purchase" 
agreements with a number of counties, cities, special districts, and toll authorities 
whereby it acquires title to various road and bridge projects on the State system by pay­
ment of an annual rental generally equal to debt service requirements on the lessor's 
bonds issued to finance the projects. For payment of these rentals, it pledges all or a 
portion of its "80 percent surplus" funds accruing for use in the respective counties. 

The Department presently has agreements with lessors in 10 counties, covering 17 
facilities on which the debt outstanding at the end of 1960 totaled $29,877,000. Two of 
the leases are with toll authorities: the Ocean Highway and Port Authority (formerly 
known as the Fernandina Port Authority) operating a toll road-ferry project in Duval 
and Nassau Counties, and the Santa Rosa Island Authority operating a toll bridge in 
Escambia County. Outstanding debt for these two facilities totaled $5,559,000 at the 
end of 1960, carrying coupon rates of 3 to 3Y4 percent. 

The Department supplies debt service funds to the Board of Administration which 
applies them as provided under terms of the lease-purchase agreements. The Depart­
ment's remittance to the Board consists of a part of the "80 percent surplus" gasoline 
tax funds allotted to the respective counties, in which the leased facilities are located, 
together with tolls from the two toll facilities. 

Florida Development Commission. -The Development Commission is composed of 
nine members, one from each of the eight congressional districts, and one at large. 
The Commission was created in 1955 as a successor to the Florida State Improvement 
Commission. It is empowered by law, on application of any county, to construct roads 
or bridges connecting State highways, and to issue revenue bonds paid from and secured 
by a lien on the Road Department's 80 percent surplus gas tax, under lease-purchase 
agreements. A 1959 law permitted issuance of certificates of indebtedness to be secured 
by a lien on the counties' 20 percent surplus tax. 

As of the end of 1960, the Commission had $66,637,000 of county road revenue bonds 
outstanding on behalf of 40 counties, secured by a pledge of surplus gas tax funds. 

The Commission has also issued revenue bonds to finance construction of the Lower 
Tampa Bay Bridge, a toll facility. There is no pledge of surplus gas tax revenues for 
this project, but the Road Department provides for maintenance and repair costs under 
lease-purchase agreement, and the bridge tolls, after deducting operating costs, are 
pledged for debt service. Callable revenue bonds having a par value of $21,250,000 were 
issued in 1951, bearing a coupon rate of 3. 75 percent, and maturing in 1981. They 
carry a Moody's rating of Baa. At the end of 1960, $12,348,000 of these bonds remained 
outstanding, the remainder having been called and retired from earnings. 

The Commission has also financed toll projects in five counties from proceeds of 
bonds that are secured, under lease-purchase agreements, by a pledge of tolls and 80 
percent surplus gas tax funds. In three of the counties, bond proceeds were applied to 
construct a series of projects, both toll and toll free. In 1953, $6,000,000 of bonds 
were sold at a net cost of 3. 555 percent to finance the Palma Sola and Cortez toll bridges, 
and three free bridges at or near Bradenton in Manatee County. A $2,200,000 bond 
issue was sold in 1956 at 3. 698 percent net interest cost to finance the St. Lucie River, 
Jensen River, and Indian River toll bridges and other free bridges in Martin County. 
In 1959, the Commission sold $25,000,000 at 4.104 net cost to finance a number of 
road projects in Dade County, including the 36th Street Expressway, a toll road in Miami. 

In Pinellas and Santa Rosa Counties, bond funds were applied onlyfortollprojects. 
A $16,800,000 issue was sold in 1960 at 4. 84 percent net interest to finance a series 
of causeways and bridges in Pineallas County in the vicinity of St. Petersburg; and in 
1958, a $2,000,000 issue was sold at 4. 4316 percent net interest to construct the 
Navarre Bridge in Santa Rosa County. 

Jacksonville Expressway Authority. -The Authority was created in 1955 for the pur­
pose of financing and completing a system of limited-access routes through the city of 
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Jacksonville. The Authority consists of three citizens of Duval County appointed by the 
Governor, and two ex-officio members: the Chairman of the Board of Duval County 
Commissioners, and a member of the State Road Department from the district that in­
cludes Duval County. 

The Jacksonville Expressway System was begun in 1950 when the Florida State Im­
provement Commission sold $28 million of bonds which, together with $13. 8 million to 
be provided from Road Department and Federal-aid funds, was expected to complete 
the system. In addition to an expressway system, the program provided for two toll 
bridges across the St. Johns River (the John E. Mathews and Fuller Warren Bridges). 

In 1957, the Authority sold $70 million of bonds to retire the 1950 issue and to fi­
nance completion of the system, including a third toll bridge across Trout River. These 
bonds were sold at a net interest cost of 4. 322 percent and consisted of a $60 million 
term issue maturing in 1992, and $10 million maturing serially to 1976. At the end of 
1960, $68,826,000 was outstanding. 

Under a lease-purchase agreement, the Department will operate the System and will 
pay the Authority as rental for, and purchase of, said System the following amounts: 

1. All gross tolls from operation of the three toll bridges. 
2. All 80 percent surplus gasoline tax funds accruing to the State for use in Duval 

County, subject to a prior lien for service of Ocean Highway and Port Authority bonds. 

Thus, under the aegis of several State agencies, Florida has financed a large volume 
of highway work throughout the State, from the proceeds of limited obligation or State­
assumed bonds, for which gasoline tax revenues have been pledged for debt service. To 
service the $228. 5 million of highway debt outstanding at the end of 1960 (excluding 
Florida Turnpike debt, and pre-1931 county debt) required an allotment of $12:9 million 
of motor-fuel tax revenues. As Table 8 shows, this is about 11 percent of available 1960 
revenues-well below the median payment. Undoubtedly, the State will continue to make 
use of this borrowing authority. 

Revenue Bond Financing 

As discussed previously, the highway revenue bond device (usually employed in con­
junction with creation of an authority) gained widespread usage during the period of this 
study. Reaching a peak in 1954 when slightly over $1. 8 billion of such bonds were is­
sued, the sale of revenue bonds declined in the late 1950's following enactment in 1956 
of an accelerated Federal-aid highway program. Since 1960, however, interest in toll 
road financing has revived and several States (notably Delaware, Florida, Kentucky, 
Maryland, Massachusetts, and Oldahoma) have successfully floated revenue bond issues 
to finance new toll road sections, whereas Virginia and other States have recently 
marketed large toll bridge and tunnel bond issues. Because of the financing features of 
these newer issues, several of them are examined here in some depth. 

Mfi.ssach\isetts Turnpike Authority. -This authority was created by chapter 354 of 
the Acts of 1952 to finance and build toll roads within Massachusetts. In 1954, the 
authority sold $ 239 million of turnpike revenue bonds to finance the "initial turnpike" 
which would extend from an intersection with Route 128 in the environs of Boston west­
wardly 123 miles to the New York State line. The bonds were sold as 40-year terms, 
bearing a coupon rate of 3. 3 percent, at a net interest cost of 3. 356 percent. Construc­
tion began in January 1955, and the road was opened to traffic 28 months later in May 
1957. Since that time, the turnpike has shown a steadily improving earnings-to-debt 
ratio, although the legislature saw fit, shortly after the turnpike was opened, to grant 
refunds for the tax paid on motor fuel consumed on the turnpike as an encouragement 
for greater patronage. 

In 1958, the Authority was authorized to acquire the existing 2-lane Sumner Tunnel 
between Boston and East Boston, and to construct an adjacent new two-lane tunnel. 
Accordingly, in 1959 the Authority sold $52, 800,000 of tunnel revenue bonds as 40-year, 
4% percent term bonds, at a net interest cost of 4. 84 percent. Under terms of the enabling 
act, this is a closed indentured project, and all funds relative thereto must be held and 
administered separately from those of the "initial turnpike." 
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Meanwhile, studies continued to be made of the feasibility of extending the "initial turn­
pike" from its terminus at Route 128, near Boston, into the center of the city in the 
vicinity of the South Station rail terminal, a distance of about 12 miles. Base on traf­
fic and engineering studies made in 1958 and 1960, the Authority attempted unsuccess­
fully to obtain financing for this project. In 1962, however, an acceptable bond-financ­
ing plan was devised, and the Authority in February was successful in selling a $180 
million revenue bond issue to finance the Boston extension. Several novel features 
account for the success of this financing plan, and bear examination. 

Although indentured as a distinct project, the Boston extension will be linked with 
the "initial turnpike" in several respects. The new bond issue consists of $100 million 
of Series A bonds with a coupon rate of 4. 75 percent, and $ 80 million of Series B bonds 
with a 4 percent coupon. The bonds were sold with a 40-year term maturity, at a com­
bined net interest cost of 4. 48 percent. A unique feature of the Series B bonds is that 
they will bear two different rates of interest at different periods of time. So long as 
any of the $ 239 million of bonds to finance the "initial turnpike" are outstanding, the 
new Series B bonds will bear a 4 percent interest rate. 

As soon as the 1954 issue is retired, the 4 percent Series B bonds will be refunded 
with 5 percent bonds, plus a retroactive premium of 1 percent for each year that has 
elapsed since issue of the Series B bonds, making them, in effect, 5 percent bonds 
throughout their life. If the Series B bonds are refunded at any time before January 1, 
1972, the Authority must pay an additional call penalty of 10 percent, or in other words 
purchase the Series B bonds at 110 percent of par. For each year that r efunding of the 
Series B bonds is deferred beyond 1972, the call penalty increases by % percent, to a 
maximum of 12% percent. 

Series A bonds are also callable after January 1, 1972, at 106 percent of par, and 
this same call penalty applies to the Series B refunding bonds if retired 5 years after 
issuance. Revenues of the "initial turnpike," after retirement of the 1954 bonds, shall 
be applied toward retirement of the Boston extension bonds. To hasten retirement of 
the 1954 issue, net revenues of the Boston extension will be applied toward their re­
demption. 

The financing plan outlined here is not only highly complex but also proves to be 
costly. According to Table 21, the Authority (and hence the public via the toll road 
user) will have paid a total of nearly $ 327 million to finance a project having an initial 
capital cost of $152 million. All the data in Table 21 are derived from the Authority's 
Official Statement (19) issued to prospective buyers of the Series A and B bonds. 

Of course, someof the added costs of financing this project are inherent in any pro­
gram of bond financing, but it is interesting and perhaps informative to speculate on the 
differential in cost of financing this project with general obligation of the State rather 
than toll revenue bonds. 

Massachusetts is particularly well suited for this type of comparison, because the 
State has managed a well-planned program of general obligation highway bond financing 
for several years. Between 1950 and 1960 the State sold $590 million of highway bonds, 
the proceeds of which were used to finance such major projects as Route 128 (the cir­
cumferential highway around Boston), the Boston Central Artery, and many other express­
way projects throughout the State. These general obligation bonds have found a ready 
market, and the State has managed the sales wisely, by the device of advance appro­
priation of capital funds, replenished from time to time from the proceeds of bond 
issues. This has afforded the State an opportunity to select a time to sell its bonds 
when bond market condUions are advantageous. 

Assuming that the State could have financed the Boston turnpike extension with guar­
anteed bonds, and accepting the $152 million construction cost as a base, the following 
postulates can be made: 

1. Construction bonds totaling $152 million, would be issued at par over a 3-year 
construction period in three approximately equal annual installments. 

2. Interestwouldbe computedat 3.1 percent, the rate at which other Massachusetts 
highway bonds were selling in 1960-62. 

3. Maturities would be scheduled as equal annual serial retirements over a 20-year 
period, again typical of guaranteed bonds. 
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TABLE 21 

COST OF FINANCING MASSACHUSETTS TURNPIKE EXTENSION 

Cost to build extension: 

Construction 
Right-of-way 
Engineering 
Administration 

Factor 

Maintenance, toll, and other equipment 
Contingencies 

Subtotal 

Improvements 

Total 

Source of funds: 

Par value of Series A and B bonds sold for extension 
Less discount on bonds sold 
Less capitalized interest to March 1, 1966 
Plus investment earnings on construction funds 

Total 

Cost to motorist to amortize investment: 

Interest paid on Series A and B bonds until retirement of 
original 1954 turnpike bonds-assumed to be on July 1, 1976 
(March 1, 1966-July 1, 1976) 

Cost of refunding Series B bonds, if redeemed on July 1, 1976 
at 112% call premium plus 1% per year for 14 
years- (based on cons ulting engineer 's estimate) 

Interest on Series A and B refunding bonds until retired 
(based on retirement of Series A bonds by 1980 and Series 
B refunding bonds by 1982) 

Call premium on Series A and B refunding 
Retirement of Series A and B refunding (excluding amount of Series 

B refunding bonds shown as cost in item 2) 

Total 

Amount($) 

95,883,000 
33,000,000 
9,350,000 
1,617,000 
2,150,000 
51 000,000 

147,000,000 

5,000,000 

152,000,000 

180,000,000 
-4,300,000 

-31,800,000 
8,100,000 

152,000,000 

81,487,500 

21,467,000 

31,820,500 
12,088,000 

180,000,000 

326,863,000 

Computed on the preceding factors, the cost of financing with general obligation 
bonds (interest plus redemption) would be $203,615,000 over the life of the issue. This 
would be a savings of 38 percent of the $326,863,000 probable cost of revenue bond fi­
nancing. 

Excluding the $152 million construction cost from both figures leaves $52 million as 
the added cost of financing with guaranteed bonds, compared with $175 million for rev­
enue bonds. On this basis of comparision, over 70 percent of the financing costs of the 
revenue bond issue could be saved by the use of guaranteed bonds. 

Financing this project with general obligation bonds would have been feasible, even 
though tolls were to be imposed. The experience in Connecticut and other States has 
shown that the levy of tolls has not precluded the use of the guaranteed or limited ob­
ligation bond as a means of raising the necessary capital, and of holding the financing 
costs to a minimum. 

Florida State Turnpike Authority. -The Florida legislature by a 1953 Act (Ch. 28128) 
created the Turnpike Authority With powers to finance and construct such turnpike proj-
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ects as might be designated by the legislature. The first such project so stipulated was 
a toll road from Miami to Ft. Pierce, a distance of about 110 miles. 

In 1955, the Authority sold $74 million of 3114 percent revenue bonds to finance proj­
ect No. 1 (the Sunshine State Parkway). The bonds were to mature in 1995, were call­
able, and were sold at a net interest cost of 3. 32 percent. The bonds are secured solely 
by tolls, and no direct or contingent pledge of State funds is involved. By November 1, 
1961, $10,183,000 of bonds had been called for redemption, of which approximately 
two-thirds had been retired from revenues, and the remainder from surplus bond pro­
ceeds and interest income. Under terms of the enabling act, the Authority may in its 
discretion designate the turnpike as part of the State road system when it becomes debt­
free, and the State Road Department shall then maintain sufficient tolls to defray the 
cost of maintenance and operation. 

Subsequent enactments authorized extension of the turnpike northerly to Jacksonville, 
and from the Miami terminus westward to Fort Myers and Tampa. Late in 1961, the 
Authority sold $157 million of bonds to refund the 1955 series, and to provide funds to 
finance construction of project No. 2, extending the turnpike from Ft. Pierce to Orlando 
and Wildwood, a distance of approximately 158 miles. These bonds were sold as 40-
year terms, at a coupon rate of 4. 75 percent, and were purchased at 95. 75 percent of 
par, or a 4. 86 percent net interest cost. 

To obtain a maximum feasibility ratio for this project (ratio of net earnings to debt 
service requirements), agreements have been made with the State Road Department 
to defer construction until 1972 of any parallel or competing routes within the general 
north-south corridor that would adversely affect the traffic and revenues of turnpike 
projects 1 and 2. Although the northern 40 miles of turnpike project No. 1 is located 
on Interstate 95, (which extends along the east coast of Florida), project No. 2 is not, 
veering inland instead to a terminus in the central area of the State. The State, how­
ever, plans to defer construction of I-95 between Daytona Beach and Ft. Pierce (com­
peting with turnpike project No. 2), as well as between Ft. Lauderdale and West Palm 
Beach (competing with turnpike project No. 1) until 1972. The Authority's traffic con­
sultants estimate that completion of these two sections of I-95 will reduce turnpike rev­
enues by about 36 percent (20, p. 65). However, the consultants assume completion by 
1964 of I-75 from the Florida-Georgia line to Wildwood, and I-4 between Daytona Beach 
and Orlando, both of which will channel traffic into the turnpike system (20, p. 43). 

Unlike Massachusetts, where the debt underlying the first turnpike wasleft undis­
turbed at the time the extension was financed, the Florida Turnpike Authority chose to 
indenture both of its projects under a single bond issue. As a result, the 31'4 percent 
bonds issued for project No. 1 were refunded in 1961 with proceeds of 4% percent bonds. 
At the time of refunding, $63,817,000 of the 1955 bond issue was outstanding. Had this 
issue been amortized in accordance with the original schedule (21, p. 18), final maturity 
would have occurred in 1993, and the remaining cost to the Authority would have been 
$103,447,000 including redemption of the bonds, interest at 3}'4 percent, and small 
amounts of redemption premiums. However, to refund these bonds, the Authority was 
required to capitalize a total of $67, 142, 621 to cover one semiannual interest payment 
on the 1955 bonds, and a redemption (call) premium of 3% percent, in addition to the 
par value of the bonds to be refunded. Based on the 1961 official statement (20, p. 70), 
the cost to the Authority to amortize $67 million of bonds at 4% percent interest plus 
redemption premiums will be $137,021,000 or an added financing expense of $33,574,000 
for project No. 1. The financial transactions involved in the 1961 sale of bonds are given 
in Table 22. 

Undoubtedly the Authority would have found it difficult if not impossible to finance 
project No. 2 with revenue bonds had not this refunding plan been included. The pledg­
ing of over $15 million of toll revenues and reserves of project No. 1 toward construc­
tion of project No. 2 (Table 22) comprises 20 percent of the cost of project No. 2, thus 
reducing materially the amount of new bonds required. 

The Turnpike Authority o( Kentucky. -As early as 1930, Kentucky began issuing rev­
enue bonds to finance construction of toll bridges across the Ohio River. The last of 
such bonds were issued in 1953 and 1954 when the State purchased a private bridge at 
Covington, and constructed a new facility at Shawneetown. The State pays all costs of 
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TABLE 22 

COST OF FINANCING FLORIDA SUNSIDNE STATE PARKWAY PROJECT NO. 2 

Cost to build project: 

Construction 
Right-of-way 

Factor 

Maintenance and office equipment 
Administration 
Engineering 
Contingencies (12. 5 %) 

Subtotal 

Golden Glades Improvement, including $316,000 (13. 2 %) for 
contingencies 

Total 

Source of funds: 

Par value of bonds sold for project 
Plus accrued interest on bonds sold 
Less discount on bonds sold 
Less redemption of 1955 bonds (including 6 months interest and call 

penalty on these bonds) 
Less capitalized interest on 1961 bonds to November 1, 1964 
Less payments to operating and maintenance funds 
Less repayments of advances from State Road Department and 

Arvida Corporation for preliminary engineering and construction 
expenditures 

Remainder of bond proceeds available for construction of project 
and Golden Glades improvement 

Additional moneys to be used for construction funds held under 
1955 Trust Agreement 

Estimated net revenues from operation of Miami to Ft. Pierce 
section of turnpike 

Estimated interest income during construction 

Total 

Cost to motorist if bonds are retired by 1992, in accordance with 
engLJ.eer' s estimates: 

Interest paid on bonds through 1992 
Call premium 
Redemption of bonds 

Total 

Amount($) 

54,341,000 
5,761,000 

277,000 
279,000 

4,891,000 
8, 151, 000 

73,700,000 

2,698,000 

76,398,000 

157,000,000 
1,325,777 

-6,672,500 

-67,142,621 
-22,372,500 
-1,500,000 

-1,750, 000 

58,888,156 

7,311,000 

7, 907, 000 
2,280,000 

76, 386, 156 

79,672,000 
1,048,000 

89,857,000 1 

170,577,000 

lThat portion of total bond issue allocated to project after deducting amount applied to 
redemption of 1955 bonds; $157,000,000 - $67,143,000 = $89,857,000. 

operating, maintenance, and repair of these bridges from other highway funds, thus 
permittin~ all toll revenues to be applied fo.r debt service. 

An Act39 of the 1950 legislature authorized the Department of Highways to construct 
a system of toll roads, at such locations "as may be determined by the Department and 

33K.R.S., ~§177.390-.570. 
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approved by the Governor." Pursuant to this authorization, the Department in 1954 
issued $38,500,000 of 3. 4 percent term revenue bonds maturing in 1994 to finance con­
struction of a 40-mile toll road from Louisville to Elizabethtown. The bonds (which are 
not obligations of the State) were sold at 98. 35percentof par, resulting in a net interest cost 
of 3. 440 percent. Under terms of the indenture, bond interest and principal require­
ments are a charge on tolls and revenues before operating and maintenance costs and, 
if revenues are insufficient to meet the latter, the Department covenants to advance 
from other highway funds such amounts as are necessary to meet operating and mainten­
ance costs, which advances may be repaid in future years from SUl'Plus toll revenues. 
The legality of such a covenant has been sustained by the Court of Appeals of Kentucky34

• 

Although the 1950 Act permitted construction of additional turnpikes, none have been 
financed under this statute, and in 1960 the legislature created the Turnpike Authority 
of Kentucky35

, composed of the Gove1·nor, the Lieutenant Governor, the Commissioner 
of Highways, the State Highway Engineer, and the Attorney General. The statute author­
izes the Authority to finance, construct, and operate turnpike projects and to lease 
such projects to the Department of Highways. Under this enactment, the Authority has 
sold $ 39 million of toll road revenue bonds to finance a toll road extending 43 miles 
from a junction with Interstate 64 east of Winchester to a point near Campton, in east­
central Kentucky, and has sold $118 million of revenue bonds for a 127-mile turnpike 
extending westward from Elizabethtown to Princeton. 

The $ 39 million Eastern Turnpike issue was sold in February 1961, and consists of 
$17,800,000 of serial bonds maturing 1965-85 in annual amounts increasing from 
$600,000 to $1,200,000 with interest coupon rates from 41/4 to 4% percent; and a 
$21,200,000 term issue with a 4. 8 interest coupon rate, maturing in the year 2000. 
The issue was sold at 97 percent of par, at a net interest cost of 4. 86 percent. 

The $118 million issue of Western Turnpike bonds was sold in June 1961 at a net 
interest cost of 4. 928 percent. The issue consists of $20,000,000 of serial bonds ma­
turing in amounts from $900 ,000 in 1967 to $1,200,000 in 1985, with coupon rates from 
41

/4 to 4. 7 percent, and a $98, 000, 000 term issue due in 2000 at a 4. 85 percent coupon 
rate. 

Both the Eastern and Western turnpike bonds are callable as a whole in 1971 at 105 
percent of par, or in part, beginning in 1966, at 103 percent of par. The terms of the 
lease agreement (22, 23) between the Authority and the Department of Highways are 
rather novel, and contain the following provisions: 

1. The Department shall pay the costs of maintaining, repairing, and operating the 
turnpike for the entire period of years until the final maturity of the bonds. 

2. The Department shall pay to the Authority the sum of $5,000,000 per biennium 
beginning July 1, 1962, and ending June 30, 2000, to meet the principal and interest 
requirements of the Eastern Turnpike bonds, and $14, 450, 000 each biennium beginning 
July 1, 1964, and ending June 30, 2000, for similar requirements of the Western Turn­
pike bonds. These payments are also to cover administrative costs of the Authority. 

3. The lease shall be renewed each biennium at the option of the Department, and 
shall be automatic unless the Department by written notice to the Authority before the 
last working day in April elects not to renew. 

4. At such time as the lease is not in effect, the Department shall set aside and pay 
over to the Authority all tolls and other revenues of the toll roads, including five-sev­
enths of all motor-fuel taxes collected by the Department on gasoline and other motor 
fuels consumed on the toll roads. 

5. While the lease is in effect, the Department may use all tolls and other revenues 
of the toll roads, including the motor-fuel taxes, for such highway purposes as are 
authorized by law. 

6. At any time the lease is not renewed or the Department shall fail to perform its 
obligations in full, the Department's option to renew the lease for all future bienniums 
shall be forfeited. 

34 Guthrie v, Curlin, 263 S,W,2d 240. 
35 Ch. 173, Kentucky Acts of 1960 (§§175.410 to 175,990 K,R,S.), 
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It would appear to be to the Department's advantage to renew its options so long as 
the tolls and computed fuel tax earnings are in excess of the biennial lease payments. 
Even in the event that revenues fall below the lease payments, however, it is doubtful 
that the Department would elect to terminate the lease because of the implications of 
possible default. In the event the lease were to be terminated, the indenture provides 
that the Authority may adjust tolls to produce sufficient funds for debt service, but 
failing in this, the covenant merely provides that the Authority will adjust tolls to pro­
vide the maximum amount of revenues obtainable. 

A more fundamental reason for including the renewable lease option, however, stems 
from an unsuccessful attempt in 1954 to create a highway authority to finance construc­
tion of free highways, with bonds to be secured by yearly rentals from the State Road 
Fund. The Act provided that, as security for the rentals, the lease agreement would 
contain a pledge of the current resources of the Department of Highways for each bi­
ennium36 for the full term of the lease (not to exceed 40 year s). The Court of Appeals 37 

declared the Act unconstitutional on the grounds that the nonrenewable lease created an 
irrevocable obligation, and hence a debt subject to constitutional prohibitions. 

Although the Authority's bonds are classed as revenue bonds for purooses of this dis­
cussion, it is obvious that so long as the lease is in effect, the issues are in reality lim­
ited obligations, and become revenue bonds only in the event that the lease expires. 

In January 1962 the Authority sold an additional $29 million of bonds to finance a 
33-mile, two- lane toll road extending the eastern turnpike from Campton to Salyersville. 
This issue compr ises $10 million of serial 4 and 4% pe rcent bonds maturing 1967-85, 
and $19 million of 4. 30 percent term bonds, maturing in 2000. This issue was pur­
chased by negotiation at 97 percent of par. 

Thus, the Authority now has outstanding a total of $186 million of bonds to finance 
construction of 203 miles of toll roads within Kentucky, none of which is located on the 
Interstate System. 

Table 23 gives the financing aspects of the eastern and western Kentucky turnpikes 

TABLE 23 

COST OF FINANCING EASTERN AND WESTERN KENTUCKY TURNPIKES 

Factor 

Project cost: 

Construction 
Right-of -way 
Engineering 
Administration and legal 
Toll collection facilities 
Contingencies 

Total 

Source of funds to build project: 

Par value of bonds s old 
Less discount on sale 
Less capitalized interest 
Less authority administrative cost 
Plus investment earnings 
Plus state highway fund contributions 

Total 

Cost to motorist to amortize investment: 

Interest requirements 
Call premium 
Redemption of bonds 

Total 

36 Ch, 39, Kentucky Acts of l954, 
37 Curlin v. Wetherby, 275 S.W.2d 934. 

Eastern 
Turnpike ($) 

27, 633,745 
1,726,000 
2,665,630 

250,000 
245,000 

2,267,625 

34,788,000 

39,000,000 
-1,170,000 
-6,092,000 
- 200,000 
+ 750,000 
+2,500,000 

34, 788, 000 

40,811, 120 
148,900 

39,000,000 

79,960,020 

Western 
Turnpike ($) 

75,238, 438 
6,572,143 
6,752,516 

507,200 
482,000 

6,229,653 

95, 781, 950 

118, 000, 000 
-4,130,000 

-25,438,050 
- 150,000 
+4, 000,000 
+3,500,000 

95 , 781,950 

127,051,061 
1,080,550 

118,000,000 

246,131,611 
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(excluding the 1962 sale). The cost of constructing these two projects will be $130. 6 
million for which the user will pay a total of $326 million in interest and amortization 
charges. Data for this table are derived from schedules contained in the Authority's 
Official Statement ( 22, 23). 

Here again, a comparison of the cost of financing these projects with general obliga­
tion bonds is of interest. Kentucky voters at the November 1956 election approved an 
Act38 authorizing $100 million of general obligation bonds to provide funds to match 
Federal funds for construction and reconstruction of highways, tunnels, and bridges. 
This was the first such authorization in Kentucky's history. In 1957, the Court of 
Appeals validated the bonds and held that no single bond could be sold at more than 3 
percent, and that the bonds could not be sold at less than par, nor in blocks of less than 
$ 5 million. They must be retired within 30 years. 

Under this authorization, the State issued $35 million in 1957, $35 million in 1958, 
and the remaining $30 million in 1960. All the bonds were issued with serial maturities, 
and final redemption is scheduled for 1986. Carrying coupon rates of 2. 9 and 3 percent, 
the bonds were sold at net interest costs ranging h •om 2. 94 to 3 percent. 

A s e cond authorization of $90 million, as provided by a 1960 Act3°, was approved at 
the November 1960 election. The interest rate limitation was removed from this author­
ization, and accordingly, the first sale of $15 million of bonds in 1961 carried 3. 60 and 
3% percent coupon rates and was sold at a net interest cost of 3. 60 percent. 

If the State were to have financed the construction cost of the turnpike with general 
obligation bonds, the total debt service could have been held to $204. 8 million, or less 
than two-thirds of the cost of the present method of bond financing. This would be based, 
of course, on the assumption that general obligation bonds could have been sold as need­
ed over a three-year period, with increments of $45 million in 1961, $45 million in 1962, 
and the remaining $40 million in 1963; and that they could have been marketed as 30-year 
serial bonds at a net interest cost of 3. 6 percent, the rate carried by the actual 1961 bond 
issue. Although these are assumptions, they are not inconsistent with the State's exper­
ience in marketing general obligation bonds and would therefore appear reasonable. 

Northeastern Expressway and Delaware Turnpike. -In what was perhaps the first 
such joint action on record, the States of Delaware and Maryland simultaneously sold toll 
road revenue bonds in February 1962 to finance a joint toll road project linking the Dela­
ware Memorial Bridge with the metropolitan environs of Baltimore. Specifically, the 
project comprises a controlled-access toll highway. It extends approximately 11 miles 
laterally across the State of Delaware from the westernly approaches of the Delaware 
Memorial Bridge to the Delaware-Maryland line. The project then continues within 
Maryland approximately 42 miles to the Whitemarsh Boulevard interchange, near Balti­
more, where a 6-mile, toll-free section will link the project to the approaches of the 
Baltimore Harbor (Patapsco) Tunnel. The Delaware section will be known as the Dela­
ware Turnpike, the Maryland section as the Northeastern Expressway. 

Construction of this highway as a toll project had been proposed for some time. The 
Maryland legislature40 in 1955 authorized the State Roads Commission to construct a 
toll road in this corridor, and the Delaware legislature41 followed suit in the same year, 
and again in 1961. The location of the project followed Interstate 95; in fact, State and 
Federal funds had been expended on some sections at the time the toll road proposal 
was adopted. For this reason, it was necessary to obtain Congressional approval for 
repayment of Federal funds on the included sections before the project could be built as 
a toll facility. Accordingly, legislation was included in the Federal Highway Act42 of 
1960 authorizing repayment by the States of some $1,400,000 of Federal funds that had 
been expended on the Delaware and Maryland sections (24, p. 119). 

38 Ch . 3, Kentucky Acts of 1956, 2nd Extraordinary Session . 
39 Ch. 106, Kentucky Acts of 1960 (Regular Session) . 
40 §§141 to 162, Art. 89B, Annotated Code of Maryland, 1957 Ed. 
41 Ch , 176, Vol . 53, Laws of Delaware . A 1955 Act permitted refinancing of the Delaware 

Memorial Bridge to permit construction of a new highway to the Maryland line from 
bridge revenues . 

42 P.L . 86-657, 86th Congress, H,R, 10495, July 14, 1960. 
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The reason advanced by the States for withdrawing this project from the Federal-aid 
program was that traffic demands were so great as to warrant prompt construction of 
the highway, and that the availability of Federal Interstate funds would not permit com­
pletion short of 8 to 10 years. 

The two States agreed to seek concurrent toll financing to insure that traffic and 
earnings on each section could take mutual advantage of this simultaneous completion 
of the sections. 

On February 21, 1962, the two States were successful in selling $102 million of 
revenue bonds-$74 million by Maryland and $28 million by Delaware. Both issues 
carry a 41/a percent coupon rate, are dated January 1, 1962, are callable at 104 percent 
of par after January 1, 1972, and mature Janua ry 1, 2002. They were sold at 97% 
percent of par, at a net interest cost of 4. 1875 percent. 

As with the other turnpike issues under study, it is interesting to compare the cost 
of financing these projects with revenue bonds versus -the customary type of borrowing 
used by these States. 

Delaware . -This State had traditionally financed major capital projects from proceeds 
of general obligation bonds. During the 1950-60 period, the State issued $91,225,000 of 
guaranteed bonds to finance highway improvements. The only exceptions have been the 
Delaware Memorial Bridge, which was financed in 1948 by proceeds of a revenue bond 
issue, and a few county road bonds that were assumed by the State and now have been 
largely retired. Recent highway general obligations have carried interest and maturity 
features as given in Table 24. 

All these issues have had 20-year serial maturities, and the average coupon rate has 
been 3. 13 percent, although each of the last three sales has carried a lower rate than 
the preceding issue. It might be fairly assumed, however, that guaranteed bonds to 
finance the Delaware Turnpike could have been marketed at 3. 20 percent. The cost of 
the project as estimated by the consulting engineers will be $23,957,250, including 
reimbursement of State and Federal funds (25). Assuming that all project costs were 
funded with general obligation bonds to the par value of $ 24 million, the cost of amor­
tizing such bonds at 3. 20 percent interest for 20 years would be $32,064,000. This 
compares wi th $55,474,000 for the revenue bond issue, excluding any redemption 
premium, as estimated in the official statement (25, p. 28). A savings of as much as 
42 percent could thus have been realized in the cost of financing this project. 

Maryland. -Although the Maryland legislature can authorize issuance of general 
obligation bonds, the practice in recent years in that State has been to issue limited 
obligations highway bonds secured by road-user tax revenues. The legislature43 in 
1953 directed the State Roads Commission to carry out a 12-year highway improvement 

TABLE 24 

DELAWARE GENERAL OBLIGATION HIGHWAY BONDS 

Year 
Sold 

1959 

1960 

1961 

1962 

Issue 

Highway Improvement -
1957, Series D 

Highway Improvement -
1959, Series A 

Highway Improvement -
1959, Series B 

Highway Improvement -
1961, Series A 

Highway Improvement -
1961, Series B 

Par 
Value 

($1,000) 

1,500 

6,700 

7,300 

5,000 

10,000 

43Act 657, 1953 Acts of the Maryland General Assembly. 

Interest (%) 

Coupon Cost 

3. 0 2.957 

3.3 3.293 

3.25 3.24 

3.20 3.12 

2.90 2.83 

Maturity 

1960-79 

1960-79 

1961-80 

1962-81 

1963-82 
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program, and authorized the issuance of $330 million of State Highway Construction 
bonds during the period July 1, 1954, to June 30, 1968. Security for these bonds is a 
pledge of proceeds of the 2 percent excise tax on motor vehicle titles, and the Com­
mission's 50 percent share of motor-fuel tax revenue. 

By the end of 1961, the Roads Commission had issued $220 million of these bonds. 
Features of the 1958-61 sales are given in Table 25. The average net interest cost 
for these recent issues is 3. 44 percent. A coupon rate of 31

/2 percent is therefore in­
dicated as reasonable for this type of bond. 

According to the Official Statement of the Roads Commission, the cost of the Mary­
land toll road is estimated to be $64,200,000 (26, p. 7). Because the Commission has 
scheduled a two-year construction program, it is reasonable to assume that limited 
obligation bonds in two annual installments of $32 million could have provided the fi­
nancing . Following the State 's pattern of 15-year maturities, the State could have 
amortize d a $64 million l imited obligation bond issue with interest at 3112 percent for 
a total cost of $81,920,000. This compares with $146,419,000 as the estimated cost 
of debt service for the $74 million revenue bond issue (26, p. 27). In this case the 
savings would have amounted to about 44 percent. Moreover, if constructed as a free 
road, the State could then have claimed Federal reimbursement up to 90 percent of the 
value of the bond issue as it matured, as could have Delaware. 

Virginia Toll Authorities. -Highway construction in Virginia has traditionally been 
on a "pay-as-you-go" basis. The State has issued no general or limited obligation 
bonds to finance highways since the mid-1920's. However, during the period of this 
study, Virginia incurred $403,801,000 of highway toll revenue debt, of which $75,150,000 
financed the Richmond-Petersburg Turnpike, and the remainder financed bridge, ferry, 
and tunnel projects in the reaches and estuaries of Cheseapeake Bay. Bond financing 
has been used by four agencies: the State Highway Commission, the Elizabeth River 
Tunnel Commission, the Richmond-Petersburg Turnpike Authority, and the Chesapeake 
Bay Bridge and Tunnel Commission. 

State Highway Commission. -Pursuant to the State revenue bond act44
, the State 

Highway Commiss ion sold $19 million of revenue bonds in 1949 to acquire the privately­
owned properties of the Chesapeake Ferry Company, and the James River Bridge Sys­
tem, and to construct a bridge across the York River. In 1954, the Commission sold 
$95 million of revenue bonds under an indenture that combined the resources of the 
previous facilities with those to be derived from construction of a Rappahannock River 
Bridge and a combination bridge and tunnel project across Hampton Roads. This issue 
sold at a net interest cost of 3. 063 percent and matures in 1994. Part of the proceeds 
were used to retire the remainder of the 1949 series bond. 

TABLE 25 

MARYLAND ROADS COMMISSION BOND SALES, 1958-61 

Year Issues Par Interest (%) 
Sold (series) Value Maturity 

($1,000) Coupon Cost 

1958 L 25,000 2.4-5.0 3.099 1959-73 
1959 M 25,000 33/e-5 . 0 4.0202 1960-74 
1960 N 20,000 3 . 1-5. 0 3.51 1961-75 
1961 0 12,500 2%-5 . 0 3.29 1962-76 
1961 p 15,000 3. 0-5.0 3.40 1962-76 
1961 Q 12,500 2.7-5 , 0 3.31 1962-76 

44 Virginia Code, §§33-227 to 33-255, inclusive. 
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Elizabeth River Tunnel Commission. -This commission was created45 in 1942 as the 
gove rning body of the Elizabeth River Tunnel District, comprising the cities of Norfolk 
and Portsmouth, and Norfolk County. In 1950, the Commission sold $23 million of 
revenue bonds to finance construction of a bridge and tunnel connecting Norfolk and 
Portsmouth. These bonds carried a coupon rate of 31/2 percent and were to mature in 
1980. In addition to providing the crossing facility, the Commission also established 
its own bus service transporting passengers over the bridge and tunnel. In 1955, three 
years after the project was opened to traffic, the competing Norfolk County ferries dis­
continued operations, thus increasing patronage of the tunnel and the Commission-owned 
buses. Although tolls were levied on users of the tunnel from its opening, no tolls were 
levied for use of the bridge. Under a unique agreement with the city of Norfolk, the 
city agreed to pay the Commission, based on trea.dle counts on the bridge ramps, a rate 
of $0. 05 per axle for the first 2,250,000 axle counts, diminishing as the count went 
higher, to $0. 0005 per axle over 16,000,000 counts , in lieu of a direct user toll levy. 

In 1960, the Commission sold $ 41, 700, 000 of revenue bonds to finance construction 
of a second tunnel across the Elizabeth River, together with connecting highways, and 
to retire some $15. 7 million principal amount remaining of the 1950 bond issue. The 
1960 sale carried a coupon rate ui 41

/2 percent and matures as a term issue in the year 
2000. The net interest cost was 4. 55 percent. Also from the proceeds of these bonds, 
the Commission paid $2,211,236 to the city of Portsmouth and to Norfolk County (as 
owners of the Norfolk County ferries) for loss of income due to construction of the 
bridge and first tunnel, and an additional amount of $ 573, 386 to the cities of Norfolk 
and Portsmouth for loss of taxable income and incidental costs and damages to utilities 
due to such construction. 

A new agreement was drawn in 1960 between the Commission and the city of Norfolk 
whereby in lieu of charging tolls on the bridge, the city will pay the Commission annu­
ally, for a 20-year period, $197, 936 plus approximately 53 percent of the Commission's 
cost of maintaining, repairing, and operating the bridge each year. 

Richmond-Petersburg Turnpike Authority. -The legislature in 1954 created46 this 
Authority to fi11ance and operate a toll road be tween and through the cities of Richmond 
and Petersburg. The Act contains the restrictive proviso that no competing project 
that would substantially reduce traffic may be constructed within 25 miles of the turn­
pike until bonds have been retired. In 1955, $69 million of revenue bonds were sold as 
40-year terms at a net interest cost of 3. 52percent. Additional funds were found to be 
necessary to complete construction, and in 1958, a final increment of $6, 150, 000 of 
bonds were sold at a net cost of 4. 67 percent. This 35-mile toll road was opened to 
traffic in 1958. 

Chesapeake Bay Br idge and Tunnel Commission. -One of the most complex highway 
financing and construction projects on record was brought to fruition in 1960 with the 
sale by the Commission in August of $200 million of revenue bonds to finance a bridge­
tunnel crossing of lower Chesapeake Bay which, together with approach roads, will be 
app,..nvimo:Jt/;).ly ?.~ miloc long. 

Organized in 1954, the Chesapeake Bay Ferry Commission was authorized47 to acquire 
and operate a ferry service within a District comprising four counties and seven cities 
and towns that surround the mouth of Chesapeake Bay. In 1956, the Commission sold 
$ 20 million of toll revenue bonds and applied the proceeds to acquire and construct 
fe rry p rope r ties . These bonds we re sold as 30-year terms , at a net interest cost of 
4. 404 pe r cent. In the same year, the Commission's functions were extendedtJS to per­
mit fi nancing of the bridge-tunnel crossing from the proceeds of toll revenue bonds. 

In seeking a means of financing this project which will link for the first time the 
eastern shore of Virginia on the Delmarva peninsula with the remainder of the State, 
the Commission and their underwriting syndicate devised a plan whereby primary and 

45 Ch, 130, Acts of Virginia of 1942, as amended, 
46 Ch, 705, 1954 Laws of Virginia, 
47 Ch. 693, 1954 Laws of Virginia, 
48 Ch, 462 and 714, 1956 Laws of Virginia, 
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subordinate lien bonds would be sold. Accordingly, the $ 200 million revenue bond 
issue consists of $70 million of 47/a percent Series A First Pledge Revenue Bonds, $30 
million of 5% percent Series B Second Pledge Reve nue Bonds, and $100 million of 5% 
percent Series C Third Pledge Revenue Bonds, all due July 1, 2000. The issue was 
sold at 96. 25 percent of par at a net interest cost of 5. 61766 percent. With respect to 
payment of interest and principal , the Series A bonds have priority over the Series B 
bonds , and the latter have priority over the Series C bonds. 

Despite the junior nature of the lien on the Series B and C bonds, the issue was 
promptly sold. The fact that interest was capitalized for a period of 4% year s (i.e., 
bonds proceeds were set aside in a reserve for tha t purpose) undoubtedly was a favor­
able factor in marketing the bonds, as was the high tax-exempt interest rate on the 
Series B and C bonds. 

The financing of this project, as well as of the Massachusetts Turnpike Extension 
described previously, has been hailed in financial circles as a brilliant solution to a 
most difficult financing problem, which undoubtedly it was. However, as in Massa­
chusetts , the users of the facility will bear a heavy financing burden. The cost of 
constructing the bridge-tunnel project is estimated to be $139,200,000 for which the 

TABLE 26 

COST OF FINANCING CHESAPEAKE BAY 
BRIDGE AND TUNNEL 

Cost of project: 

Construction 
Right-of-way 
Engineering 
Administration 
Contingencies 

Total 

Factor 

Source of funds to build project: 

Par value of bonds sold 
Less discount 
Less capitalized interest for 4Y:i years 
Plus estimated investment earnings 
Plus income from ferry operations 

(three years) 
Less redemption of 1956 bonds 

Total 

Cost to motorist to amortize investment: 

Interest requirements1 

Redemption of bonds 

Total 

Amount($) 

122,333,800 
1,000,000 
7,625,000 
2,120,000 
6, 121,200 

139,200,000 

200,000,000 
-6,700,000 

-48,405,600 
+8, 355,600 

+3,750,000 
-17,800,000 

139, 200,000 

283,760,794 
200,000,000 

483,760,794 

lExcluding capitalized interest; assuming redemption 
of $100,000,000 of Series A and B bonds between 1970 
and 1999 according to amortization schedule on page 
25 of bond prospectus leaving $100,000,000 of Series 
C bonds to be redeemed at maturity (July 1, 2000). 
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user must pay in bond inte1·est and redemption charges a scheduled $483,761,000 
(Table 26). In other words, for every $1. 00 in initial cost, the users must provide 
$ 3. 48 to discharge the obligation. 

Summary 

In this study, it has been impossible, of course, to review all of the bond financing 
programs of the States. However, a representative selection has been made to permit 
comparison of the features, significance, and costs of guaranteed and nonguaranteed 
highway bond programs. 

Table 27 summarizes the amortization costs of a number of these bond issue pro­
grams. It serves two purposes: (a) it illustrates the variety in the type and selection 
of bond-financing programs, and (b) it compares the differential in financing costs with 
particular reference to States that have financed both with toll revenue bonds and with 
general or limited obligations. 

The ratios of financing to capital costs, given ill Table 27, are derived by comparing 
the capital costs (i.e., right-of-way, engineering, construction, and other toadway 
costs) paid from hond proceeds, with the costs to final maturity of debt service on the 
bond issues; i.e., bond interest, bond discounts, call penalities, etc. 

TABLE 27 

COMPARATIVE COSTS OF SELECTED STATE HIGHWAY BOND FINANCING PROGRAMS 

Toll Capital Added Ratio of 
or Years Scheduled Financing 

Description of Bond Issue Free of Redemption Costs Financing to Funded' Costs' Facil- Issue Dates ($1,000) ($1,000) Capital 
itles Costs 

General obligation: 

Connecticut highway system Free 1959-61 1961-87 102,420 48,985 0.48 
Greenwich-Killingly expressway (Conn. ) Toll 1957-58 1963-97 112,000 117,932 1. 05 
Delaware highway improvement Free 1959-62 1960-82 30,500 10,010 0.33 
Kentucky highway Free 1957-61 1959-90 115, 000 49,434 0.43 
Louisiana long-range highway Free 1959-60 1960-84 60,000 29,431 0.49 
Massachusetts highway improvement loan Free 1957-60 1958-80 189,000 66,344 0. 35 
New Jersey Highway Authority, Garden 

state Parkway Toll 1953-54 1955-87 285,000 216,991 0. 76 
New York highway construction Free 1958-59 1959-79 90,000 25,350 0 . 28 
New York Thruway Authority Toll 1953-60 1958-95 500,000 380, 552 0 . 76 

Limited obligation: 

Alabama Highway Authority Free 1955-61 1962-81 110,000 44,650 0. 41 
Greenwich-Killingly expressway (Conn.) Toll 1954-59 1962-97 347, 500 315,233 0. 91 
Jacksonville Expressway Authority (Fla. ) Both 1957 1961-92 46,300 46,616 1. 01 
Maryland state hl11;hway construction Free 1958-61 1959-76 110. 000 49. 073 0 45 
Michigan trunk line and expressway Free 1958-61 1959-86 363; 000 195; 575 0. 54 
Ohio major thoroughfare Free 1954-61 1956-72 500,000 108,474 0. 22 
Pennsylvania state Highway and Bridge 

Authority Free 1949-61 1953-80 120,000 30, 809 0.26 

Toll revenue: 

Delawnl'e turnpike Toll 1962 1966-2001 23,957 31,517 1. 32 
Florida Turnpike Authority (Proj. 2) Toll 1961 1967-92 76,398 94, 179 1. 23 
Kentucky Turnpike Authority Toll 1961 1965-2000 130, 570 195,522 1. 50 
Maryland northeastern expressway Toll 1962 1966-2001 64,200 82,219 1. 28 
Massachusetts Turnpike Authority 

(Bostc>n extension) Toll 1962 1976-82 152,000 174,863 1.15 
New Jersey Highway Authority, Garden 

State Parkway Toll 1954-56 1961-88 45,000 35, 838 0. 80 
New York Thruway Authority Toll 1954-59 1964-96 400,000 339,251 o. 85 
Ohio Turnpike Authority Toll 1952 1957-92 283,356 291,031 1. 03 
Chesapeake Bay Bridge and Tunnel 

Commission bonds (Va.) Toll 1960 1970-2000 139,200 344, 561 2.48 

'Project cosls (I.e. , right-of-way, engLneo1·11,g, a)l(J constrnctlou) paid (rom bond p~·oceeds; ror mosL b:co cond Cacll'llles, 
amount s hown ls pnr vn.l.ue of bond issues; for most toll !nciliUea, band proceeds used lo n,ecl Jntcrcsl payments nre excluded, 
ns a.l'e bond discounts . ' Includes totnl bond interest to flnol malu.rlly bond discounts, and redemption (call) premlun1s on 
bonds expected to be reLll·ed In ndvamce of malw·lty. •nedcm1,1Uon dales nre t hose contc.mplatod by bond conaul!.~ nts at tlmc or 
sale. 
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All but two of the revenue bond issues carry a ratio in excess of 1. 0, and this despite 
the assumption that these term bond issues will be redeemed in advance of maturity. 
General and limited obligation bonds have ratios as low as 0. 33 and 0. 22, respectively, 
among those selected, and in only two cases do the ratios £qual or exceed 1. 0--in each 
case, for toll facilities. The effects of both higher interest rates, and longer maturities 
of toll revenue bonds are apparent in these comparisons. 

Figure 11 compares the bond-financing programs of five States (Delaware, Kentucky, 
Maryland, Massachusetts, and Ohio) among those that have chosen to issue both revenue 
bonds and general or limited obligations for highways. 

For each State, the first bar shows the amount of capital costs funded with general or 
limited obligations, as the case may be, with an extension of the bar to show the added 
costs of bond financing. The second bar shows similar facts for the revenue bond issues. 
The third bar shows the cost of funding with general or limited bonds a capital cost equiv-' 
alent to that of the toll road project. The difference in the height of the second and third 
bars is thus a measure of the added cost of revenue bond financing. Obviously, the dif­
ferential is a function of both interest rates and length of maturity schedules. 

Although such comparisons are hypothetical, the bond issues are not; and the fact 
that these State could and did use general or limited bond financing during or near the 
same period that revenue bonds were sold, lends more than a superficial validity to the 
comparisons. Although the interest and other financing costs might have been greater 
or lesser under actual market conditions, the range in savings from 65 to 78 percent is 
an impressive indicator of the differential attributable to the selection of the borrowing 
device. 

CONCLUSIONS 

This study has not attempted to debate the merits of "pay-as-you-go" versus credit 
financing of highways. Others (27) have probed this area in depth, and the previous 
study (2), of which this is a sequel, reviewed the case for highway bond financing. The 
present study, rather, sheds some light on the significance of the type of bond program 
selected, and measures its cost to the public. 
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It can be firmly concluded that, if borrowing is justified to finance major accelerated 
highway programs, the public interest is best served by selecting general obligation 
bonds. The cost of borrowing to the highway user (who, being almost everyone, surely 
represents the public interest) will be held to a minimum, and by means of the amenda­
tory or referendum process he is given the opportunity in most States to express his 
decision as to the merits of an accelerated bond-financed highway program versus the 
two alternatives of a slower program financed from current revenues or of one that 
could be speeded by means of increased taxes. 

When this solution is unfeasible, a clear case can be made for the use of limited 
obligation bonds, with or without the authority device, for purposes of financing a toll­
free highway program. With adequate pledge of road-user tax revenues as security 
for the bond issue either directly or by means of a lease-purchase contract in the event 
an authority is established, the costs of borrowing can be held to levels that compare 
favorably with those of general obligation bonds. 

In conjunction with either a general or limited bond-financing program, the judicious 
use of short-term note financing may be warranted. Notes issued in anticipation of 
Federal-aid reimbursements, or preliminary to later highway bond issues, can provide 
a means of program acceleration through credit financing at a minimum of cost. 

Revenue bond financing is peculiarly well adapted for interstate or international 
crossing facilities where joint financing and ownership make it necessary to establish 
a commission or authority to coordinate the project. However, the toll road authority 
device, with its concomitant use of revenue bonds, has been demonstrated to be a costly 
excursion in the area of highway finance. There has been, 1.mfortunately, a widespread 
impression that the only high-class road is a toll road and that the only way to obtain 
high-class roads promptly is by the use of toll revenue bonds. It is thus forgotten that 
construction of the Interstate System and a large mileage of similar high-type roads is 
being financed in many States, and by the Federal Government, from tax revenues with­
out benefit of borrowing of any type; and that in many other States it is being accelerated 
by the use of credit financing without resort to the toll revenue bond. Revenue bond fi­
nancing should thus be viewed in its proper perspective: it is merely one of several 
alternative methods of borrowing highway capital funds that must be repaid from future 
income. 

Proponents of the toll facility concept, however, seem at times to find no satisfac-
tory alternatives in sight. According to Lindman (28): 

State and local officials, confronted with ever worsening traffic 
congestion in metropolitan areas, may well decide to build their 
Interstate System highways immediately as toll facilities rather 
that wait for long-term Federal aid financing. They may have 
other high-cost metropolitan highways for which toll financing 
will prove to be the only feasible solution. 

Dearing (29) states: 

..• the true capital costs of the tollway, even though financed at 
a higher interest rate, may prove to be lower than those of a 
similar facility financed under the so-called pay-as-you-go basis. 

According to Funk (30), Chairman-Director of the State Roads Commission, "Toll 
financing of Maryland'sNortheastern Expressway is enabling the State to open the road 
in November, 1963, a full ten years ahead of the date it could be completed as a free 
road." 

The ability of a State to develop rapidly an adequate system of highways (in other 
words, to accelerate its highway program) may well rest on the decision to raise road­
user tax rates (or to reallocate the revenues from existing taxes) or to employ bond 
financing. The choice is not solely one of "pay-as-you-go" and stagnation versus toll 
roads and progress; rather, if the decision is made to utilize bond financing, the real 
concern should be the selection of the borrowing device that most economically serves 
the public interest. 

Too often the explanation is heard, in justification of toll revenue bond financing, 
that "this will not cost the taxpayer a cent." Dearing (29), for example, says: 



The contention that the cost of revenue-bond financing is high 
points to an apparent disadvantage inherent in this method of 
providing highway facilities. Nevertheless, (the) additional 
cost of providing roads through revenue-bond financing is not 
borne by the taxpayers, nor even indirectly by the State, but 
only by those individuals who voluntarily choose to use the 
toll roads. 
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The implication here is that, somehow, the users of a toll facility are not taxpayers 
or, even more subtly, that to a large extent they may not be taxpayers of the home 
State. Undeniably some toll facilities are so located as to attract large proportionate 
volumes of out-of-State traffic (such as the Delaware Memorial Bridge connecting the 
States of Delaware and New Jersey), but this would not be true of, say, the San Fran­
cisco-Oakland Bay Bridge. 

Thus, the burden of financing such projects cannot be dismissed as being a problem 
for the nonresident motorist. It may become a domestic problem as well. It is thus 
essential that the methods of financing revenue-producing facilities be examined with 
great care, so as to select that which best meets the public interest. 

The toll road user may be surprised to learn that he is not considered to be a tax­
payer. But if he is not, then neither is the user of free roads financed with general 
or limited obligation bonds. Because the user in either case provides the revenue 
from which the debt is amortized, and such revenue may be collected in the first in­
stance as "toll" or in the second as a levy on his motor-fuel purchases, the distinction 
is merely one of degree. The payment of a gasoline tax or a toll for the use of high­
ways is in either instance assessed in proportion to highway use. In fact, the toll road 
user is assessed for free roads whether he uses them or not. 

The levy of tolls should not be confused with the use of toll revenue bonds. There 
is merit in the contention that corridor States, in particular, must provide high-class 
highway service, but that a large percentage of the users are nonresidents who would 
otherwise make little or no contribution to the cost of the roads they use. New Hamp­
shire, faced with this problem, constructed a 14-mile toll road that collects revenue 
largely from Interstate vehicles, but New Hampshire financed this road by means of 
general obligation bonds at a net interest cost of only 1. 6 percent. Both New Jersey 
and New York also financed major toll road projects by means of general obligation 
bonds, and although this choice may have been dictated by necessity to insure market­
ability of the bond issues, it nevertheless resulted in a savings in financing costs and 
indicates an awareness of the advantages of the guaranteed bond. 

Although levying tolls on its costly expressway project, Connecticut has also avoided 
using revenue bonds and secured the needed capital both from guaranteed bonds and 
from limited obligations secured by tolls and gasoline tax revenues. 

The contention can be dispelled that bond financing of toll-free highways can neither 
win public acceptance nor provide the priority routes when needed. The magnitude of , 
toll-free borrowing within the past decade speaks for itself. The experience in Michi­
gan in financing specific expressway projects or of the Pennsylvania State Highway and 
Bridge Authority among others attest to the fact that the pressures for balancing sec­
tional benefits at the expense of priority needs can be overcome. 

Bond financing is not a panacea, but where it is justified, the exercise of sound 
judgment and financial acumen must lead to selection of the borrowing procedure best 
designed to meet the needs at the most economical cost to the public; namely, the high­
way user. 
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Special Assessment Financing of 
Major Highway Improvements 
H. R. BRIGGS, Economic Research Agency, Madison, Wisconsin 

Special assessments are an accepted, established, and legal 
method of obtaining funds for public improvements. The ques­
tions arise as to the place of special assessments in plans for 
the financing of modern highways - when and for what purposes 
they should be used, and how they should be levied. This method 
can be used when the improvement to be financed creates bene­
fits enhancing the value of specific properties, when these bene­
fits are definitely measurable and can be allocated to the specific 
properties, and when the proceeds of the assessments are wholly 
applied to construction costs. It can be used for almost any type 
of facility. 

The "how" of levying special assessments involves many al­
ternatives. The financing may be from certificates imposing a 
liability only on each tract or parcel involved, or it may be guar­
anteed by the full faith and credit of the governments concerned. 
If the former, excessive costs of financing may be incurred; if 
the latter, the financing is likely to be sound and economical. 
Special assessments, soundly used, are feasible and should be 
employed to meet the costs of modern highway development. 

• SPECIAL ASSESSMENTS are based on the premise that a new public improvement en­
hances the value of adjacent property and that hence the cost of the project should be re­
covered in whole or in part by charges against the properties benefited. By the end of the 
1920's the use of special assessments was widespread and, to a considerable degree, ex­
cessive and unwarranted. With the depression years of the 1930' s wholesale de­
fault of special assessment bonds occurred. This, coupled with extensive aids for pub­
lic improvements through WPA and other major relief grants, caused the practical dis­
continuance of the special assessment method of finance. With the 1940's a renaissance 
of this system developed until at present (1962) special assessments play a significant 
role in financing highways and other public improvements. But this development is 
largely a return by communities to their previous procedures. Therefore, except in 
those places having historical experience with special assessment, public authorities 
and particularly those at the State and county level are unaware of the fact that substan­
tial revenues for highway and other purposes can be obtained through special assess­
ments. The purpose of this article is, therefore, to show that this is being done and 
how the benefits of special assessment finance can be obtained. 

Parkways, major thoroughfares, through streets connecting a downtown business 
area with outlying territory, access roads, off-street parking, downtown business dis­
trict rehabilitation - all can be financed through special assessment. This method of 
public finance at present is not being used to the extent characteristic of former years -
and it well could and probably should be. 

Up to the early 1930's, the common practice was to finance public improvements, in­
cluding major street developments in whole or in part, through special assessments -
even in the building of courthouses, fire stations, and other public buildings. 
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In the boom days of the 1920's, wildcat subdividing was rampant. Highways, sewer, 
and water systems were extended in all directions and largely financed through special 
assessments, but the optimistic hopes of the 1920's collapsed in the depression years 
of the 1930' s. Properties were saddled with special assessments, often in excess of 
their value. The result was that wholesale delinquency occurred. Table 1 shows this 
condition. 

In San Diego County, of $13, 868, 000 bonds outstanding, $ 8, 563, 000 were in default. 
In Cleveland, of $17,373,589 of special assessments due in 1929, $10,731,901 

were delinquent in 1931 (2). 
In one county in southeastern Michigan (3), of the dozens of special assessment dis­

tricts shortly after 1930, one was considere d to have an excellent special assessment 
collection record. Its levies were only 92 percent delinquent! The others were 100 per­
cent. 

These happenings, plus misuse of the special assessment authority, caused the 
method to fall into disrepute. Also, the fact that civic improvements were constructed 
through WPA and other emergency grants resulted in there being little resort to special 
assessment finance during the 1930' s 

With the 1940's, municipalities reiurned io using special assessmeni method of fi­
nancing extensively and are getting large amounts from this source to pay the costs of 
public improvements, including highways. 

Table 2 shows to some degree the role special assessment can play. These figures 
are sufficient to show substantial revenues are being derived for highway purposes from 
special assessments. Many other examples can be given. In fact, this is a common 
and accepted way of financing streets in whole or in part in American cities. 

Of the 876 cities of over 10, 000 population reporting the use of special assessments 
in response to the questionnaire sent out in 1959 by the International City Manager As­
sociation, 719 (or 8(»\) finance street paving by special assessments. A total of 211 
(24% ), aiso use this method for repaving. 

That large sums for public improvements can be obtained from special assessments 
is of major importance. Public demands for facilities and services outstrip the funds 
available for governmental units. Billions will be needed to meet future highway de­
mands. More billions will be required for education, public health, conservation, and 
many other purposes. Sound public finance, therefore, demands that thorough and 
careful consideration must be given to exploring various means available to get funds 
for these undertakings. Special assessments can be a legal and equitable source of rev­
enue for financing many public undertakings. 

SPECIAL ASSESSMENT THEORY 

Because this is intended as a practical rather than a theoretical discussion, the the­
ory and legal basis for special assessments is mentioned only briefly. 

TABLE 1 

SPECIAL ASSESSMENT 
TAX DELINQUENCY 

LOS ANGELES COUNTY, 19361 

Percent No. of Percent No. of 
Districts Districts 

90 to 99 9 50 to 59 9 
80 to 89 11 40 to 49 15 
70 to 79 20 30 to 39 16 
60 to 69 15 Under 30 25 

Source: (~)-

Special assessments are based on the 
principle stated by Justinian - that the bur­
den should be borne by those who derive 

TABLE 2 

SPECIAL ASSESSMENTS FOR 
ffiGHWAYS 

City Date Assessment ($) 

New York 1950-1958 
Milwaukee 1950-1957 
Detroit 1949-1958 
Los Angeles 1955-1959 

84,506,000 
18,005,000 
21,722,000 
18,147,000 
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the benefit. This principle was embodied in early English law, was carried over to the 
colonies, and by 1800 was an accepted method of financing public improvements in the 
young American States. When the legality of the method was questioned, the courts 
were hard put to justify the legality of this procedure. The position was first taken that 
special assessments could be imposed through the use of eminent domain or the police 
power, but it subsequently shifted and evolved the unique doctrine that special assess­
ments were legal as a manifestation of the taxing power, although they were not taxes -
and this theory is now universally accepted. Thus, special assessment finance is a 
method legally approved as a means for defraying the costs of public improvements. 
The following (l) is a good definition of these assessments: 

Taxation by Special Assessment is a compulsory charge upon real 
estate within a pre-determined district, made under express leg­
islative authority, for defraying in whole or in part the expense 
of a permanent public improvement, therein enhancing the present 
value of such real estate, and laid by some reasonable rule of 
uniformity based upon, in the ratio of, and limited by, such en­
hanced value, 

The applications of this rule are widespread. The 1957 Census of Local Govern­
ments lists well over 100 different types of special assessments, even to such an ex­
treme as a district empowered to levy an assessment per bushel of oysters to finance 
construction of dikes to protect the oyster beds. Highways, water, sewer and drainage 
improvements are quite commonly financed through assessments. 

SPECIAL ASSESSMENT AND HIGHWAYS 

That the cost either in whole or in part of a new access road, curbs, sidewalks, and 
water and sewer, can be met by a special assessment charge against the abutting prop­
erty is quite generally known. But that this method can also be used in connection with 
parkways, major thoroughfares, through streets leading to downtown areas, off- street 
parking, and rehabilitation of central business districts is not generally realized. How­
ever, the use of special assessments for financing such improvements has long been 
established. This is of particular significance in connection with modern highway de­
velopment. Among many specific cases which could be cited are the following. 

The Arroyo-Seco Parkway between Los Angeles and Pasadena was financed through 
special assessment. 

Milwaukee and Detroit have used special assessments in connection with the con­
struction of arterials. 

New York City since 1909 has met the cost of building major thoroughfares 200 ft or 
more wide across entire boroughs out of special assessments. 

The Kilbourn Avenue development in Milwaukee consisted of creating a broad avenue 
from Lake Michigan some 2 miles to the courthouse. Associated with the project was 
the clearing of several blocks of ramshackle buildings and a conversion of the property 
to an open area approach to the courthouse and for a setting for other buildings. A large 
share of the cost was met by special assessments. 

Milwaukee has also used special assessments to defray in part its share of the cost 
of a major highway development primarily financed out of State and Federal funds. A 
section of Capitol Drive was improved at a cost of $284,803. The city's share was 
$ 55,410, of which $ 22, 052 was raised through special assessments. 

Similar examples as to the use of special assessments for financing the improvement 
of major thoroughfares could be given for Chicago, Minneapolis, and a number of other 
places. The fact that a substantial part of the cost of the improvement of major thor­
oughfares can be met through special assessments should be of major importance in 
connection with the need for creating improved highway facilities in cities. 

Mention was made as to other improvements allied with highways which can be and 
are being financed through special assessments. The practice of providing off-street 
parking facilities through special assessments is well established. Milwaukee and Los 
Angeles - and undoubtedly many other cities - pay the entire costs of acquiring down­
town parking facilities through special assessments against surrounding business 
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properties. Both these cities have established formulas and procedures for allocating 
the assessments. 

Special assessments can also be used for downtown rehabilitation. Royal Oak, Mich., 
is making the following improvements: 

1. Widening and redesigning major streets leading to the central district. 
2. The creation of 3, 404 free parking spaces. 
3. The closing of certain sections of the streets and installation of flower beds, 

pools, fountains, and other landscaping effects as well as conveniences for the shopper. 

Another and rather new use of special assessments having some connection with high­
ways is the creation of "green belts." Detroit has a procedure under which, if residen­
tial property is located across a highway from a railroad track, factory, or other use 
thought unsightly, through special assessments property can be acquired and a "green 
belt" created screening the unesthetic use. 

Other applications of the special assessment principle in relation to modern highway 
development are being proposed. One is that special assessments can properly be 
levied against lateral streets having access to throughways at interchanges. Another 
is to finance service roads along throughways through this method. Both proposals 
would seem to have considerable merit. 

BASIC SPECIAL ASSESSMENT PROCEDURE 

This material is sufficient to show that special assessments can be used in connec­
tion with modern highway programs. And with the demands for facilities increasing, 
ooupled with the problem of getting funds for this and other major public activities, it 
would seem that highway authorities should give serious consideration to using special 
assessment finance to a greater degree. This gives rise to the question as to how high­
way administrators can proceed to avail themselves of this method of financing. 

Every special assessment project is governed by laws and methods peculiar to it. 
Consequently, hundreds and perhaps thousands of variations in types of procedures ex­
ist. But all are governed by the following underlying principles: 

1. Although usually imposed under the taxing power, the right to levy them is not an 
inherent power of government such as the taxing power, the police power, eminent do­
main, and others. Special assessments, therefore, can be imposed only under specific 
laws authorizing the use of this method. 

2. The laws granting the public assessment right must be strictly construed and all 
assessments levied in exact compliance with such laws. 

3. The first step is the initiation of the special assessment project. Usually this is 
on petition of property owners, although it may be by a city, county, or local govern­
ment. Sometimes the legislature by law specifies that an improvement is to be financed 
through special assessments. The principle giving property owners the right to initiate 
a special assessmenl is one uf lhe elements that distinguishes a special assessment 
from a property tax. 

4. Unless otherwise specified by legislative act, the proposal after initiation is re-
ferred to a board which does the following things: 

a. Establishes the special assessment district boundaries. 
b. Estimates the cost of the project. 
c. Determines the amount of benefits to be charged property owners as special 

assessments, and decides on the method of allocating the assessments. 

5. Unless otherwise specified by legislative act, property owners must be notified 
of a public hearing concerning the project. Adequate notification is mandatory and 
special assessments are invalid unless the property owners affected have been given ad­
equate notice. But what the courts consider adequate notice is most highly controver­
sial and even after hundreds of years has not been settled. This matter of notice is a 
fundamental element which distinguishes a special assessment from a property tax. 

6. A public hearing is usually held. The original plans and specifications may be 
modified at such a hearing. A special assessment project theoretically can be under-
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taken only with the approval of those affected. (However, in Minnesota under the Elwell 
Law, a public hearing is not held. ) 

7. The board then confirms the project as approved at the hearing and notifies the 
property owners as to the scope and character of the operation. 

8. If no appeal is taken, the actions of the board are carried on. 
9. The contract is awarded and the work is carried on. The contractor is paid 

through obligations which are charged against the property benefited in the amount as­
sessed against each property by the board. 

10. In connection with this step, the board makes up a special assessment roll show­
ing the amount charged against each property. Property owners have the right of ap­
peal and frequently hearings are held in connection with the spreading of the assess­
ments. 

11. Property owners are given the opportunity of paying the entire amount of 
the assessment immediately. Bonds or other evidences of indebtedness are issued 
in the amount unpaid. These bonds are payable in installments over a period of five 
to thirty years, with ten years being most common. 

12. When the costs of improvement have been paid, the special assessment project 
is terminated. This element, that special assessments are used solely to pay the costs 
of a public improvement and ceases when the object is accomplished with no ensuing 
or continuing charges for that project, is another way in which special assessments dif­
fer from truces. 

These are the principles governing the special assessment activity when a capital in­
vestment is involved. Special assessments can also be levied to meet annual recurring 
costs such as highway maintenance and lighting. When once established, these become 
automatic reoccurring charges. 

The manner in which these principles are applied differs greatly among the various 
cities. Exception to the rule is more common than adherence. 

Two examples illustrate typical procedures. The first is a standard California 
procedure as used in Pomona: 

Steps Under Improvement Act of 1911 

Request for petition from engineering department 
4 weeks - Petition returned to engineering department 
2 weeks - Council accepts petition and orders city engineer to proceed 
2 weeks - Survey information obtained for design of project 
4 weeks - Design completed 
2 weeks - Assessment district formed, estimate cost calculated 
4 weeks - Resolution of intention 
5 weeks - Resolution hearing 
5 weeks - Open bids, award contract 

12 weeks - Construction completed 
2 weeks - Assessment of costs 
4 weeks - Assessment hearing 
4 weeks - Data bond 
4 weeks - Bond printed 

(Records and work completed in 54 weeks) 

In this procedure, although the city initiates the action, a petition signed by the prop­
erty owner is required before a project is authorized. 

The second example is the procedure used in Minnesota under the Elwell Law: 

Elwell Project Steps 

1. First resolution. -Designates lands to be acquired and/or improvements to be 
made. Orders city engineer to make survey, plats, and estimates. Specifies duration 
of assessment (no time interval specified). 

2. Second resolution. -City Council adopts plats and estimates. Appoints commis­
sioners. States limits of city portion (three days after publication of second resolution). 
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3. City clerk's notification. -Notifies commissioners of appointment. Administers 
oath of office (no time interval). 

4. Commissioner's notice. -Notice that plats and surveys are on file in city clerk's 
office, published two times. Designates place and time to view premises (at least ten 
days). 

5. Viewing. -Commissioners view premises at time and place designated in Step 4. 
During this period the commissioners, with the assistance of the city engineer's de­
partment and the city clerk's office, determine the awards, damages, benefits, and 
assessments. Report filed with city clerk (no time interval specified). 

6. Commissioner's estimate. -Estimate of project including cost of procedure. 
Estimate shows city's portion, assessed portion, and the portion that would have been 
assessed against parcels of land that have been forfeited to the State for nonpayment of 
taxes (no time interval specified). 

7. Assessment rolls published. - Designates time and place for public hearing. 
City clerk serves notice on each property owner at least two weeks before public hear­
ing. At this time property owners may file objections (at least three weeks). 

Minneapolis wMch uses special assessments extensively has a little different pro­
cedure: 

Condemnation Procedure Under City Charter-Minneapolis, Ch. 10, §§ 1-4, 6, and 7 

Initiation. - Under resolution, city council appoints a committee on location and de­
scription. Committee (a) examines and proposes suitable land, (b) presents a plat of 
proposed acquisition, (c) includes in report any other appropriate information relative 
to the proceeding; and (d) files report and plat with city clerk. 

Committee report filed. 
Notices of filing of committee reports published twice in official newspaper. 
Report presented to city council one week after last notice. 
City council acts on report. - May act on committee report at same or subsequent 

meeting. May hear evidence or refer to a committee. May adopt committee report and 
plat in resolution - (a) designates land to be condemned; (b) files directing plat and com­
mittee report; and (c) appoints five commissioners. 

Condemnation committee appointed. -Notification published twice that project plans 
are on file. 

Property viewed and report prepared. -Ten days after first publication commission 
views property, prepares report, and submits to city council. 

Report laid over for minimum of one week. -Council confirms, annuls, or refers 
back report. Property owner within ten days may appeal to district court. Commis­
sion views premises again, considers evidence, and prepares revised report. 

Council confirms or annuls the proceedings. - Under this law, the project is initiated 
entirely by the city. After the assessments have been imposed, the property owner may 
iiie objections. 

NATURE OF BENEFITS 

Special attention is called to the preceding material dealing with the assessing of 
benefits. The benefits must be reasonably measurable and the assessment must not 
exceed the benefits. In the past, a common assumption was that a benefit occurred 
equal to the cost of the major public improvement; hence, the practice was to charge 
such cost against supposedly benefited property owners. 

This arose from the concept and principle that the local road or street is a property 
appurtenance that should be financed by the property owners. The construction of local 
roads and streets can be done by local contract directly between the property owners and 
the highway builders. Construction by special assessment differs from this in only one 
major manner - property owners in an area recognize the need for an improved highway 
facility and believe the cost will be a recoverable investment because of an enhanced 
value to their properties. 

Unfortunately, the practice developed quite extensively of assuming that almost any 
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highway improvement automatically created benefits equal to the cost. The result was 
that assessments sometimes exceeded the value of the properties. But since 1930 this 
condition has become virtually nonexistent. 

With respect to major highways, a commonly-accepted theory is that the benefit ex­
tends beyond the limits of the abutting properties. Zones or districts are set up and a 
portion of the cost of a major highway improvement is charged in the form of a special 
assessment against the entire district. When 12th Street in Chicago was widened at a 
land cost of $3, 259, 708 for 21/2 mi, properties within an area of a little over 5 sq mi 
were considered benefited, and $1, 490, 490 of the entire cost was recovered through 
special assessment charges in that area. Similarly, when Michigan Avenue was widened 
% mi at a cost of $13, 762, 302, special assessment charges of $ 5, 926, 702 were imposed 
on an area of 2% sq mi (4). 

The theory is that the improved highway facility enhances the value of properties 
whose occupants are capable of using such facilities. 

The fact that a modern highway may result in appreciation of values to areas war­
rants particular consideration. The principle that benefit charges may be imposed on 
areas made more accessible through such a development is well established and sus­
tained by the courts. 

In Omaha, where a special assessment was levied against property % mi from a 
boulevard, t he court found that remote property could receive an assessable benefit 1

• 

It has been held in Arkansas, Connecticut, Nebraska, and Kentucky that the building 
of a bridge or a viaduct creates a benefit that may be assessed against the surrounding 
area 2. 

A business district may be assessed for a portion of the cost of a street improvement 
which carries vehicular traffic into the business district on a more direct route3

• 

The Arroyo-Seco Parkway (where the cost was assessed against large areas in Los 
Angeles and Pasadena), the 12th Street improvement in Chicago, and the Kilbourn Ave­
nue development in Milwaukee are examples of places where costs were met by special 
assessments spread over fairly large territories. Reference has also be~n made to the 
policy in New York of charging part of the cost of the major thoroughfare against the 
the borough and the entire city. 

The development most analogous to a major cross-country highway improvement is 
the Moffat Tunnel. To finance this tunnel under the Continental Divide, a special asess­
ment district 145 mi long was created. Benefits were assessed against the entire city 
of Denver, three other entire counties, and parts of five additional counties. 

The lack of major through or arterial highway facilities may stifle or hamper normal 
growth of an area. Under such conditions, when a new adequate highway facility is pro­
vided a rapid rise in the property values in the area tributary to the new throughway may 
develop. Under such conditions special assessments may possibly be used legitimately 
to recover a part of the cost of the improvement. 

METHODS OF SPREADING ASSESSMENTS 

When an improvement creates special benefits, great latitude is allowed in deter­
mining the way in which the assessments may be allocated to or spread among the vari­
ous parcels. Furthermore, so long as the method is not arbitrary, a special assess­
ment is not invalid even if inequities result. The special assessment district may also 
be of any size. As to the method, the U. S. Supreme Court4 has stated: 

The state, in its discretion, may levy such assessments in pro­
portion to position, frontage, area, market value or to benefits 
estimated by commissioners. 

lHart v. City of Omaha, 74 Neb. 836 (1905), 195 N.W. 546. 
2Mullins v. Little Rock, 131 Ark. 59, 198 S.W. 262; State ex. rel. Sulkeley v. Williams, 
68 Conn. 131, 35 Atl. 24, 421, affirmed in 170 U.S. 304, 42 L.Ed. 1047, 18 Sup. Ct. 617; 
Springfield v. Hayden 216 Ky. 483, 388, S,W. 337. 
3 Re Aurora Ave., 180 Wash. 523, 41 P.2d 143, 96 A.L.R. 1374. 
4Houck v. Little River Drainage Dist., 239 U.S. 254, 265 (1913). 
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As to the fact that inequities may occur: 

Assume that the only theory of these assessments for local im­
provements upon which they can stand, is that they are imposed 
on account of t ·he benefits received, and that no land ought in 
justice to be assessed for a greater sum than the benefits re­
ceived, yet it is plain that the fact of the amount of benefits 
is not susceptible of that accurate determination which apper­
tains to a demonstration in geometry. 

It may be that the front foot rule is not the best that might be 
devised for the assessment of street improvements in cities upon 
abutting property, but for the present it is the only one we 
have; ••• It is perhaps impossible to frame any general rule that 
would produce exact uniformity and do equal justice in all cases. 
This arises from the fact that a rule to be valid must be gener­
al, and the further conceded fact, that in the application of all 
general rules there will be cases of individual hardship. 

As to the size of the district: 

Fixing the tax district or, in other words, defining the territory 
within which the special assessment shall be made is exclusively 
a legislative prerogative •••• How small it may be had never been 
determined •••• The taxing district may embrace an entire city, 

Metropolitan sewerage districts commonly embrace a central city and outlying areas. 
The Moffat Tunnel special assessment district includes all or part of eleven counties . 
The 1::onsequence is that many methods are used for spreading special assessments. 

The following are the main methods used for allocating special assessment benefits 
to properties: 

Front Foot Against Abutting Property 

The cost is apportioned on the basis of the footage fronting on the improvement. 
Sidewalks, curbs and gutters, and alley improvement charges may be said to be univer­
sally spread on that basis. Highway constructionand reconstruction, sanitary sewers, 
and sometimes storm sewers commonly use this method, although frequently in combi­
nation with other systems. Street maintenance and highway lighting are usually financed 
by a front foot charge. 

Sliding-Scale Front Foot Area Basis 

When the benefits resulting from an improvement are considered to benefit an area 
rather than just the strip of the property abutting, the front foot method is used for all 
properties within the area. The basis is a sliding scale with the assessment per front 
foot decreasing progressively, sometimes geometrically, with the distance each street 
is from the improvement. Some cities have well-established formulas for spreading 
such assessments. 

The sliding scale method of apportioning benefits is subject to criticism. If adequate 
access is provided to the improvement, properties several blocks away may have a 
benefit equal to or in excess of those in direct proximity to the development. 

Square Foot Basis 

The amount assessed is simply apportioned on the basis of the area of such parcel. 
This may be a flat uniform amount per square foot for each property in the area or 

SHarrisburg v, McCormick, 129 Pa. St. 213, 18 Atl. 135. 
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decreasing unit per square foot may be used according to the proximity of the property 
to the improvement. This method is also frequently applied to business properties, 
particularly industrial sites. In rural areas the acre instead of the square foot becomes 
the unit. 

Ad Valorem Basis 

The assessment is spread in proportion to the value of each property. Usually the 
assessed value is the basis. Assessments may be laid against land owner, land and 
buildings, buildings only, although rarely, and against all taxable property including 
personal property. The use of the ad valorem method is more extensive than generally 
realized. 

Building Site Basis 

A rather new development consists of using the number of building sites benefited by 
an improvement and charging an equal amount to each site, irrespective of its frontage 
or sides. This plan was developed to meet the situation caused by the modern subdivi­
sion development with its curving streets and odd-shaped lots. 

Personal Property Basis 

In some rare instances a public improvement has been made to benefit a particular 
type of industry. The original costs and maintenance are recovered by charges against 
the commodity produced, such as per ton of coal or per bushel of oysters. This method 
is an extremely uncommon and minor part of special assessment finance. 

METHODS OF FINANCING 

Although there are probably hundreds of ways of financing special assessment proj­
ects, basically they fall into the following six types: 

Revolving Fund Method 

Under the revolving fund method a municipality sets up a specific fund for special 
assessment work. The city meets the expenses of the undertaking out of this fund. No 
bonds or other evidences of indebtedness are issued. When the work is done the city 
charges against each property benefited the proportionate share of the benefits. These 
amounts when collected are paid back into the revolving fund. 

City General Bond-Sinking Fund Method 

The city itself directly pays the contractor for the work done. General city sinking 
fund bonds are issued equal to the amount of the cost and from these the city derives 
the needed revenue for the payment to the contractor. A sinking fund is set up against 
these bonds, and special assessment charges levied against the benefited properties are 
paid into this sinking fund. 

In neither of the first two methods are public improvements financed by special as­
sessment bonds resting directly on an obligation of benefited properties or a district, 
although the amounts advanced out of general municipal sources are recovered from 
special assessments. 

"Full Faith and Credit" Bond Method 

Under this system special assessment bonds are issued which are a specific obliga­
tion against benefited properties - whether against individual properties or a district. 
The municipality underwrites such bonds by guaranteeing payment of any delinquencies 
out of other municipal resources. 

Reserve Fund Method 

The municipality sets up a special reserve fund and in the event of delinquency pays 
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bondholders out of this fund. The city then enforces the collection of delinquent assess­
ments and pays the proceeds into the reserve fund. 

General Assessment Bond Method 

The cost of the work is met through bonds issued against the benefited properties. 
These may be against either all the real estate within the district or each property 
benefited. The contractor is given these bonds in payment for his services. In case of 
delinquency it becomes the responsibility of the bondholder to enforce collection. The 
city or county may initially act as the collecting agent but in case of default the respon­
sibility for collection is thrown on the bondholder. 

Assessment Certificate or Assessment Bill Method 

The contractor gets a special receipt, a bill, or a certificate against the property 
benefited for the amount of his services. The certificates may be drawn so as to be a 
liability against all the property in a benefited area, against groups of property in the 
area, or against individual specific properties. Under this method the work is consid­
ered to be of a contract nature directly between the property owner and the contractor. 
Though formerly a very common system and still prevalent, this method is not now used 
extensively. 

MERITS OF FINANCING METHODS 

The method of financing has an effect on the cost of public improvements financed by 
special assessments. Under the first four plans, the municipality through one device or 
another guarantees or underwrites full payment of bonds. Furthermore, the contractor 
is assured full and prompt payment for his services. 

Under the last two, the contractor must face the probability that a portion of the 
bonds may become delinquent. A standard practice, therefore, is for him to increase 
his price by an amount adequate to cover these delinquent items. Also, under the gen­
eral bond or certificate plans, sometimes the contractor does not receive his payments 
even in that form until after the completion of the job. This necessitates his adding to 
his price the carrying charges during construction. Also, special assessment bonds or 
certificates not underwritten in some manner by the full credit of the community bear 
higher interest rates than for obligations where such guarantee is present. This is 
shown by Table 3. 

Of the 91 cities using full faith and credit finance, 56 (61%) sold bonds with an inter­
est rate of less than 5 percent compared with 18 (22%) of the 83 cities using unguaranteed 
obligations. Inasmuch as the maximum legal rate in many places is 6 percent, it is 
possible that some of the 6 percent bonds were discounted. 

SPECIAL ASSESSMENT DISTRICT 

Special assessment districts can and do carry on almost all types of governmental 
activities. Under statutory authority a special assessment district is created as a 

TABLE 3 

INTEREST RATES ON SPECIAL ASSESSMENT OBLIGATIONS 

Type of Number of Cities 

Obligation 
Total 8% 7% 6%% 5cg 5%% 5% 4%% 4% 3%% 3% 2%% 

Full faith 91 2 1 22 1 9 2 17 12 12 9 
General 83 1 5 1 40 2 14 3 5 5 5 1 
Certificate 17 1 11 3 1 1 

2% 

4 
1 
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separate and distinct entity. These districts have the authority to determine and 
levy special assessments, fix and collect charges for services, and may incur indebt­
edness without review by other authorities. These autonomous districts have their own 
headquarters (sometimes in the homes of one of their officers), keep their own records, 
and prepare their own financial reports, if any. Commonly, they are not required to 
report their activities to any central accounting authority such as the State or account­
ing auditing department, although there are exceptions. However, cities and counties 
that use special assessments usually have separate departments for such work. Al­
though these departments keep records generally of the financial status of the special 
assessment districts under their jurisdiction, commonly this is on a project by project 
basis without any general annual summation of special assessment activities. Because 
they operate independently, special assessment data are often hard to come by. 

For example, California is known to have at least 2, 982 special assessment districts 
created under 183 different statutory authorizations of which 45 had been repealed, 
leaving 138 laws authorizing the creation of a particular type of district. In San Diego City 
in 1959, there were 125 separate assessment roles for paving, sewer, walks and lights; in 
addition, San Diego County had 84 special assessment districts, besides many local districts. 

The California situation is considerably more confused than most States, but to a 
considerable degree, the same conditions are found generally. 

OVERLAPPING DISTRICTS 

The possible multiplicity of districts can create a serious problem - that of overlap­
ping assessments. A property may be within the boundaries of a number of special assess­
ment districts. Figure 1 shows overlapping special assessments for park purposes in 
Minneapolis. Also, special assessments for highways, sewers, and other public purposes 
maybe laid against these same areas. The result is that the pyramiding of assessments 
may result in the aggregate of creating levies that are excessive. Though this was an all too 
frequent occurrence in the past, modern practice has largely alleviated this condition. 

SPECIAL ASSESSMENT DELINQUENCY 

Special assessment financing has an inherent danger in that anticipated benefits may 
not develop and hence the assessments may become delinquent. Optimism as to future 
city growth may cause overdevelopment. 
Real estate promoters may be willing to 
gamble one or two special assessment pay-
ments to get the improvements in and - to 
have the opportunity of enhancing the val­
ue of their properties. Special assess­
ments are akin to installment buying; as in 
the purchase of commodities, payments 
may be associated with the degree of gen­
eral economic prosperity. 

In the 1920's tremendous growth oc­
curred in many cities, coupled with a ma­
jor demand for improved roads and streets. 
Overexpansion and overdevelopment oc­
curred. With the depression and, even 
previously, wholesale delinquency of spe­
cial assessment bonds developed. 

ADVANTAGES AND DISADVANTAGES 
OF SPECIAL ASSESSMENT 

FINANCING 

Whether special assessments are jus­
tifiable is a debatable question. Some of 
the positions taken are as follows. 
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Proponents of special assessments give these reasons: 

1. With debt and tax limitation, revenues from general taxation for needed improve­
ments sometimes cannot be obtained. 

2. The amount collected from general property taxes should remain relatively 
stable. Loading the cost of an expensive public improvement on the regular tax bill may 
cause an erratic fluctuation in such levies, felt by all taxpayers within the municipality; 
whereas a special assessment localizes the impact to benefited properties and does not 
affect the public as a whole. 

3. Special assessments are levied against religious, educational, charitable, and 
other types of property which are exempt from property taxations. 

4. The cost of a public improvement such as a street or sewer may be much great­
er in one section of the city than another and property owners generally should not be 
required to pay out of their general taxes the extra cost of such improvements . For ex­
ample, in Los Angeles the construction of street and sewer facilities in an adjacent 
semimountainous area costs many times that of providing comparable facilities in the 
level sections, and the owners of properties in those areas should not be called on to 
subsidize the expensive construction in the other areas. Similarly, in another city, 
streets are being constructed across an area of marshy land, again entailing extra-heavy 
construction costs. 

5. The sound use of special assessments makes possible the development of a city 
plan in an orderly manner. 

6. When special assessment obligations are full faith and credit bonds, funds for 
construction can be made available at lower interest rates than if the work was under­
taken under private contract. 

7. A number of subdivisions in the same area may be in the process of development 
simultaneously. Though each subdivider may be required to finance the costs of im­
provements within his area, economies are effected by consolidating under municipal 
authority as one project what would otherwise be a number of separate enterprises. 

8. Financing by general taxation might result in an intolerable tax burden because 
property taxes are already as great as many can or will stand. 

9. A special assessment imposes no real burden on the property owner because the 
benefit equals or exceeds the cost and payments are spread over an extended period. 

10. There can be no intelligently planned improvement that will not result in some 
local benefit, and it should follow that there should always be some local assessment. 

11. Special assessments are the essence of democracy in that generally they origi­
nate at the request or with the approval of those on whom the charges will fall. 

12. Special assessments constitute an established part of the public finance structure 
and comprise an established institution essential to the financial operations of many 
municipalities. 

13. Groups of property owners independently cannot often get together and finance 
and r.onstrud needed improvementi;; in their area H . 

14. Roads and sewers serving properties comprise parts of a general system, and 
though theoretically they might be built directly by property owners, this could result in 
haphazard developments. Special assessments insure against this. 

Among the points considered to be disadvantages of the special assessment system 
are the following: 

1. Improvements, such as pavements and sewers, are essentially public in charac­
ter; therefore, the costs should be met out of general taxes. 

2. When the principle of benefit taxation is accepted, there is no logical place to 
stop. 

3. The degree of benefit is speculative. 
4. Methods of equitably apportioning benefits to particular properties are not based 

generally on sound principles and levies are made by guesswork of some rule-of-thumb 
device. 

5. Special assessment levies are commonly made by local boards lacking the proper 
and necessary administrative abilities. 
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I 

6. Unless rigidly controlled by an 
overall city planning, public works, en­
gineering, or other continuing authorita­
tive department of an established govern­
mental unit, extension of facilities beyond 
the reasonable and legitimate needs may 
take place. 

I 

L--, 

7. Costs will be definitely inflated 
under improper use of special assessment 
financing. 

8. If improvements enhance the value 
of properties, enhanced value will be re­
flected in an increase in taxa,ble values and 
the cost of the improvement will automati­
cally in time be recovered through the 
resultant greater taxes from these prop­
erties. 

9. The use of the special assessment 
procedure may cause unnecessary delays. 

10. Although benefits to the property 
may arise, the owners may not be in a 
position to realize on them. 

11. The property owner is deprived of 
his rights because he does not have ade­
quate information nor the technical ability 
to appraise the feasibility of the improve­
ment. 

I 

I 
I 
I 
I 
I 

1 

r r ----, L ___ __ J I 

I I L ___ _______ J 

CITY LIMIT.5'------
CE!VTRAL 811.5'/!VE$6' tJl$TR!tT • 

Figure 2. Application of special assess­
ments in financing connecting routes. 

ILLUSTRATIONS OF SPECIAL ASSESSMENT USE 

Figures 1 and 2 show the use of special assessments. Figure 1 shows how special 
assessments can overlay the "pyramiding" of the charges. Figure 2 shows the applica­
tion of special assessments in financing connecting routes. Connecting highway A can 
be financed in part by a special assessment against the central business district. 

Part of a main thoroughfare cost can be met through special assessments, as in New 
York. There a through highway such as a main road traversing part of the city is fi­
nanced by charging the cost of the central 60 ft against contiguous property, the next 
20 ft on each side of the central portion against the borough, and the outside 50-ft 
strips of the right-of-way against the city as a whole. 
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Selection of a County Distribution 
Formula for State Road Assistance 
In Mississippi 

DAVID McKINNEY, Professor of Economics and Assistant Director for Economic 
Research, University of Mississippi 

This paper describes the method employed by the Mississippi 
highway finance study staff to determine the formula reeom­
mended by it to the legislature for distributing State assistance 
for road purposes to the counties. The 20-yr annual average 
total cost of county roads in each county was accepted as a 
measure of need. Although need per se was rejected as a basis 
for distributing State assistance, a distribution formula based 
on other factors but one which, on the average, most nearly 
would equate proportionwise road cost (needs) and State assist­
ance, was considered desirable. 

Five factors most frequently used by States for distributing 
motor fuel taxes to local units of government were tested, singly 
and in all possible combinations. They ranked from best to 
worst as follows: (a) road mileage, (b) area, (c) equal division, 
(d) population, and (e) motor vehicle registrations. Moreover, 
combinations of factors do not appear to secure better results by 
compensating extremes. The single factor of road mileage was 
found superior under Mississippi conditions to any other factor 
or combination of factors. 

The superiority of the mileage formula was further verified 
by distributing various amounts of assumed State assistance and 
analyzing the results. Another statistical measure used in this 
connection was the sum of deficits of counties having deficits, 
smallness of deficit sums being indicative of formula efficiency. 

•THIS PAPER is concerned primarily with the method employed by the Mississippi 
highway finance study staff to determine the formula recommended by it to the legisla­
ture for distributing State assistance for road purposes among the counties. Adoption 
of a proper distribution formula for such State assistance is a prerequisite to a neces­
sary reallocation of highway responsibilities and/or highway revenues between the 
State and its local units of governments if an adequate system of highways in the State 
is to be realized. 

The highway finance study (1), from which this paper is extracted for the most part, 
was made by the University of Mississippi for the Legislative Highway Planning Com­
mittee as a companion study to an engineering evaluation made by the Automotive 
Safety Foundation (2). This connection is important inasmuch as the approach to the 
problem of distributing State assistance among the counties was made within the frame­
work of the engineering study. The latter provides 20-yr cost estimates for the up­
grading and maintenance of Mississippi's network of roads and s treets to acceptaple 
standards. (The study provides three alternate programs with regard to the time period 

Paper sponsored by Committee on Equitable Allocation of Highway Costs. 
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necessary to bring all highways, roads, and streets up to adequate standards. The 
programs are for 10-yr, 15-yr, and 20-yr catch-up periods, respectively. Only the 
fi.nancing of the 20-yr catch-up period was developed by the finance study staff.) 

Program costs were developed in detail for the State highway system, the county 
road systems, and municipal street systems under each of three different assumptions 
as to the mileages to be included in each system. The assumptions were designated 
as A, B, and C, respectively. Under assumption A, the currently-designated State 
highway system is to be developed as proposed, and existing routes paralleling both 
the Interstate system and the proposed major thoroughfares are to be continued as a 
part of the State system. The ultimate mileage in the State system under this assump­
tion would be 12,111 miles. Under assumption B, certain categories of highways would 
be transferred from the State system to the counties and municipalities. These cate­
gories would include (a) the parallel routes just mentioned, (b) designated but non-State­
maintained highways, and (c) State highways with discontinuous system or maintenance 
responsibility. The ultimate mileage in the State system under this assumption would 
be 8,466 miles. Under assumption C, the State highway system would be further re­
duced in size to a recommended 6,500 miles. 

To the estimated program costs, the highway finance study staff added estimated 
costs of debt service (principal and interest) on outstanding highway, road, and street 
debt. All costs were stated in terms of annual averages. The staff also made estimates 
of all revenues that will be available under current law to finance the highway, road, and 
street needs previously outlined. These likewise were reduced to annual averages. 

THE PROBLEM 

For the purpose of emphasizing the overall view and pointing the direction of needed 
adjustments among the State, counties, and municipalities, each of these levels of gov­
ernment is considered as a single administrative unit. That is, all State Highway De­
partment revenues are considered available for expenditure on State highways on a needs 
basis without regard to highway districts; all road revenues of all the counties collec­
tively are considered to be available for expenditure on county roads on a needs basis 
without regard to county lines; and all street revenues of all municipalities collectively 
are considered to be available for expenditure on a needs basis regardless of the mu­
nicipalities within which the streets are located. These assumptions do not accord with 
the facts but they do serve a useful purpose. 

Table 1 gives the projected annual average highway costs and highway revenues from 
current sources for each level of government under each assumption (A, B, and C) as 
to mileage responsibility. These data identify clearly and unmistakably the major high­
way finance problem in Mississippi; i.e., the existing imbalance between the highway 
responsibilities of the different units of government and the revenues available to the 
latter for meeting these responsibilities. As serious as the overall deficiency in high­
way revenues admittedly is, the misallocation of available funds relative to needs is 
even more so. Additional revenue is not the only answer. Revenues and responsibilities 
of the different governmental units must be brought more nearly into balance. 

Under assumption A (Col. 1, Table 1), under the present assignment of responsibil­
ities and revenues, the State highway system will require $82. 9 million annually but 
will receive only $61. 3 million, leaving an annual average deficit of $21. 6 million. On 
the other hand, counties as a group will require $42. 8 million and will receive $59. 7 
million, leaving a statistical surplus of $17. 0 million. (When discussing the surplus or 
deficit relationship of revenue to cost for counties collectively or for municipalities 
collectively or for all units of government combined, the qualifying term "statistical" 
is used to refer to the algebraic sum of surpluses and deficits of all counties, or of all 
municipalities or of all units, respectively. 

Of particular significance in this connection is the fact that only 21 percent of esti­
mated county road revenues is from locally levied taxes. (Even this figure overstates 
the local contribution because it includes an indeterminable amount of homestead ex­
emption reimbursement payments made by the State to the counties.) The municipali­
ties as a group will require $14. 0 million and will receive $13. 5 million, leaving a 
statistical deficit of $0. 6 million. All units combined will require $139. 7 million and 
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TABLE 1 

PROJECTED HIGHWAY COSTS1 AND HIGHWAY REVENUES2 FROM CURRENT 
SOURCES, MISSISSIPPI: 1963-1982 ANNUAL AVERAGES3

•
4 

System and Item 
Automotive Safety Foundation Assumption5 

($ X 103 ) 

A B 

All units: 

Cost 139,724 139,724 
Revenue 134,491 134,491 
Deficit -5,233 -5,233 

State: 

Cost H2,90B 71,096 
Revenue 61 , 287 61,287 
Deficit - 21,621 -9,809 

County: 

Cost 42,767 52,355 
Revenue 59,741 59,741 
Surplus 16,974 7,386 

Municipal: 

Cost 14,049 16,273 
Revenue 13,;~3 13,i~3 
Deficit 6 ' 0 

1 20-yr program costs plus debt _service on highway debt outstanding as of 
for State and as of September JO, 1959, for counties and municipalities. 
2 Net of collection expense. 
3Detail figures shown may not add to totals due to rounding. 
4Source: Table 99 (1). 

C 

139,724 
134,491 

-5,233 

63,964 
61,287 
:r,m 

58,547 
59, I4l 
1, 94 

17,213 
13,;63 
3, 0 

June JO, 1961, 

5Program costs under-A, B, and C based on State highway system of 12,111, 8,466, and 
6,500 miles, respectively. 

will receive $134. 5 million, leaving a statistical deficit of only $ 5. 2 million. The 
amounts for all units combined remain the same under assumptions A, B, and C. 

Under assumption B, a considerably impruv~d relationship would be achieved be­
tween assigned responsibilities for providing highway services and revenues available 
under current law. Under this assumption, the annual average cost of the shortened 
State highway system would decline to $ 71. 1 million, and the State deficit would be re­
duced to $9. 8 million. The counties would find the cost of their road responsibilities 
increased to $52. 4 million and their statistical surplus reduced to $7. 4 million. The 
municipalities would find the cost of their street responsibilities increased to $16. 3 
million with a corresponding increase in their statistical deficit to $2. 8 million. 

Under assumption C, the annual average deficit of the State would decline to $2. 7 
million. The counties as a group would just about break even with a statistical surplus 
of $1. 2 million. The municipalities as a group would find their annual average statis­
tical shortage of street revenues increased to $3. 7 million. 

These data suggest that much can be done toward financing the modern highway pro­
gram recommended for Mississippi without any increase in taxes. To accomplish this, 
howeve r, a substantial reassignment of highway responsibilities and/or highway reve­
nues will be required among the State, counties, and municipalities to bring about a 
better balance between responsibilities and revenues. The most obvious interlevel 
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shift is between the State and the counties. But economic as well as political difficulties 
would be involved in such shifting, because when individual county statistics are studied, 
it becomes apparent that not all counties share proportionately in the statistical sur­
pluses of $17. 0 million, $7. 4 million, and $1. 2 million found under assumptions A, B, 
and C, respectively. 

Indeed, not all counties will have a surplus. Even under assumption A, the most 
favorable from the counties' standpoint, 17 counties will have estimated deficits total­
ing $0. 7 million. Under assumption B, 47 counties will have an estimated combined 
deficit of $4. 6 million. Under assumption C, 56 counties are found to have estimated 
deficits totaling $8. 9 million. It appears clear that a different method of allocating 
State assistance (which constitutes approximately 80 percent of estimated county road 
revenues) among the counties is a prerequisite to any reassignment of responsibilities 
and/or revenues among the State, counties, and municipalities. 

SELECTION OF FORMULA 

If all counties made the same relative effort tax-wise and managed their road affairs 
equally well, a strong case could be made for the proposition that the most efficient and 
equitable distribution of State assistance would be strictly on a needs basis. However, 
not all counties make the same relative tax effort nor manage their road affairs equally 
well. Moreover, needs would be difficult to measure in a politically acceptable manner 
through the years. Therefore, a distribution formula that on the average most nearly 
equates proportion-wise total road costs and State assistance was accepted as a desir­
able goal. Such a formula, though basically reflecting needs, would not penalize in­
dividual counties that may have exerted extra efforts in their road programs or may 
have been favored by the current distribution formula. 

In seeking such a formula, the five factors most frequently used by States for dis­
tributing motor fuel taxes to local rural units of government were tested singly and in 
all possible combinations. These factors (Table G-106, 3) were (a) motor vehicle reg­
istrations (used by 14 States)l (b) miles of road (13 States}, (c) area (12 States), (d) 
population (12 States), and (eJ equal division (11 States). There are 31 possible com­
binations of these factors. 

Other factors used less extensively are sales of motor fuel (used by 3 States), 
assessed valuation (3 States), vehicle-miles (2 States), needs (2 States), and other 
factors (8 States). The number of factors used by individual States range from 1 to 5. 
They are used in various combinations and an individual State may use more than one 
formula. The data are as of January 1, 1959. 

Mississippi values used for the three factors that will vary with time were motor 
vehicle registrations (estimated number in 1972); miles of road (ultimate mileage as 
furnished by Automotive Safety Foundation); and population (average of 1960 and esti­
mated 1970). 

Technical Procedures 

The testing method was as follows. It was assumed that a total amount of State 
assistance equal to the annual average total cost of all county roads in the State was 
to be distributed. The amount which each county would receive under each formula 
was stated as a percentage of its road cost, and the percent of surplus or deficit it 
would experience was computed. (Thus, a county that would receive 115 percent of its 
road cost would have a 15 percent surplus, whereas a county which would receive 85 
percent of its road cost would have a 15 percent deficit.) The average deviation of 
these percentage surpluses and deficits was computed for each formula. The formula 
giving the smallest average deviation would, on the average, most nearly equate pro­
portion-wise road costs and any given amount of State assistance. This procedure 
was carried through for costs under assumptions A, B, and C. 

The results given in Table 2 point clearly and persuasively to road mileage as being 
superior to any other factor or combination of factors. The single factors rank from 
best to worst as follows: (a) road mileage, (b) area, (c) equal division, (d) population, 
and (e) motor vehicle registrations. Moreover, combinations of factors do not appear 
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TABLE 2 

TEST OF DISTRIBUTION FORMULAS1 

(average deviation of surpluses and deficits as percent of road cost) 

Distribution Formula 2 
Automotive Safety Foundation Assumption3 

A B C 

R 63 65 66 
A 20 19 21 
p 53 54 55 
M4 8 9 9 
E 25 25 27 
RA 33 34 35 
RP 57 59 59 
RM 32 33 33 
RE 33 34 35 
AP 28 28 29 
AM5 12 12 13 
AE 20 19 21 
PM 27 28 27 
PE 28 29 30 
ME 5 14 14 15 
RAP 38 39 39 
RAM 22 23 24 
RAE 25 26 27 
RPM 38 39 40 
RPE 38 38 39 
RME 23 23 24 
APM' 19 20 20 
APE 22 23 24 
AME' 14 14 15 
PME' 19 20 21 
RAPM 29 29 30 
RAPE 29 30 31 
RAME' 19 20 21 
RPME 28 29 29 
APME 6 17 18 19 
RAPME 24 24 26 

1source: Table 131 (1). 
8 R == registrations; A-- area; P = population; M cc road mileage; E "'" equal division. 
3Program costs under A, E, and C based on State highway system of 12,111, 8,466, and 
6,500 miles, respectively. 
4 Recommended, 
s Runners-up. 
6Also further tested. 

TABLE 3 

AVERAGE DEVlATIONS OF COUNTY SURPLUSES AND DEFICITS AS PERCENTAGES OF ROAD COSTS UNDER VARIOUS 
ASSUMPTIONS AS TO AMOUNT OF STATE ASSISTANCE AND DISTRIBUTION FORMULA' 

Average Deviation of Surpluses and Deficits as Percent of Road Costs When 

Automotive 
Safety 

Foundation 
• _________ ._. _ __ 2 

.C'I.OOUJU!)UUll 

A 

B 

C 

Amount 
of 

State 
Assistance 

($1,000) 

45,371 
41,061 
38,909 
36, 756 
34,604 
32, 451 
30, 299 
45,371 
41,061 
38,909 
45,371 
47,523 
49,676 

Mileage 

36 
27 
23 
20 
19 
19 
20 
17 
17 
18 
16 
15 
16 

Mileage 
and 

Area 

38 
29 
26 
23 
21 
21 
22 
20 
19 
20 
20 
20 
20 

1 Source: Mississippi Highw-ay Finance Study Staff. 

State Assistance Distributed by 

Mileage Mileage, Mileage, Mileage, Mileage, Mileage, 

and Area Area Equal Area, Area, 

Equal dUU a.uu .i:.4.urt.1. a.11u J..:.14.ua..1. a.uu 

Equal Population Population Registration Population 

41 41 39 41 40 40 
31 31 34 35 34 34 
27 28 32 32 32 31 
24 25 31 31 30 29 
23 23 30 30 29 28 
21 22 31 31 29 28 
21 22 32 31 30 29 
21 21 28 29 28 27 
20 20 29 29 28 27 
20 21 30 29 28 27 
20 21 29 29 28 27 
20 21 29 29 28 26 
20 21 29 29 28 26 

2Program costs under A, B, and C based on State highway system of l2,lll, 
8,466 and 6,500 mi, respectively. 

to secure better results by compensating extreme values. The influence of the better 
factors can be discerned in the various combinations. 

Despite the persuasiveness of the preceding evidence, it was not accepted as being 
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conclusive. From the 31 formulas, the eight having the lowest average deviations, as 
previously described, were selected for further examination and analysis: 

1. Mileage. 
2. Mileage and area. 
3. Mileage and equal division. 
4. Mileage, area, and equal division. 
5. Mileage, area, and population. 
6. Mileage, equal division, and population. 
7. Mileage, area, equal division, and registrations. 
8. Mileage, area, equal division, and population. 

Each formula was tested pragmatically to determine how the various counties would 
fare if the formula were used to distribute State road assistance. The testing was done 
by distributing varying amounts of assumed State assistance under each assumption as 
to allocation of highway responsibility. The test amounts distributed were determined 
on the basis of various assumptions as to the division to be made between the State and 
the counties of estimated road revenues available under current law from State-levied 
taxes and Federal aid. (Some adjustments not pertinent to the present discussion were 
made in the average amount of estimated road revenues available under current law 
from State-levied taxes and Federal aid. Then, a series of assumed changes from 
current law in the State-county assignment of these revenues was made. Under assump­
tions A and B, the estimated sum assignable to the counties under current law was re­
duced successively, first by the truck and bus privilege (license) tax and then by $0. 0025 
decrements of gasoline tax, until the balance remaining plus local revenue was roughly 
equal to the estimated all-county road cost. Under assumption C, two increments of 
$0. 0025 of gasoline tax were added to the estimated sum assignable to counties under 
current law.) 

(The use of such a range of amounts of State assistance was dictated in large part by 
the fact that these same data also were used in reconciling the conflicting claims of the 
counties and the State to the road revenues available from State-levied taxes and Federal 
aid.) . 

Altogether 104 sets of assumptions as to (a) highway responsibility (i.e., assumption 
A, B, or C), (b) the amount of State assistance, and (c) distribution formula were tested. 
Under each assumption the following values were computed for each county: (a) the 
amount of State assistance it would receive, (b) the amount of its total road revenues 
including local sources, (c) the amount of its road surplus or deficit, and (d) the road 
surplus or deficit as a percent of its total road cost. Frequency distributions of the 
last were made and carefully analyzed; their average deviations are given in Table 3. 

TABLE 4 

STATISTICAL SURPLUS OR DEFICIT' AND SUMS OF DEFICITS' COMPARED: ESTIMATED COUNTY AVERAGES (1963-1982) UNDER 
VARIOUS ASSUMPTIONS AS TO ASSIGNMENT OF RESPONSIBILITY, AMOUNT OF STATE ASSISTANCE, AND ALLOCATION 

FORMULA'($ x JO') 

Automotive Amount Statistical 
Sum of Deficits2 When State Aid Distributed by 

Safety or Surplus 
Mileage Mileage Mileage, Mileage, Mileage , Mileage, Mileage, 

Foundation Slllio or Area Area Equal Area, Area, 
Assumption4 Asslulaoce Deficit(-)' Mileage and and 

and and and Equal and Equal and 
Area Equal Equal Population Population Registration Population 

A 45,371 15,752 -72 -64 -102 -81 -809 -772 - 582 -491 
41,061 11,442 -261 -412 -350 -407 -1 , 853 -1, 829 -1 , 610 -1, 441 
38,909 9,290 -527 -828 -721 -842 -2, 580 -2, 526 -2, 257 -2, 087 
36, 756 7, 137 -1, 035 -1, 359 -1, 344 -1, 433 -3, 430 -3, 370 -3, 083 -2, 822 
34,604 4,985 -1, 828 -2, 098 -2, 149 -2, 240 -4, 433 -4, 367 -4, 051 -3, 735 
32,451 2,832 -2, 930 -3, 170 -3, 127 -3, 210 -5, 582 -5, 486 -5, 184 -4, 862 
30, 299 680 -4, 254 -4, 511 -4, 315 -4, 434 -6, 870 -6, 751 -6, 461 -6, 163 

B 45,371 6,164 -1, 633 -2, 008 -2, 019 -2,071 -4, 674 -4, 736 -4, 295 -3, 948 
41,061 1,654 -3, 709 -4, 092 -4, 116 -4, 245 -7, 097 -7,027 -6, 654 -6, 266 
38,909 -296 -5, 130 -5, 466 -5, 444 -5, 616 -8, 442 -8, 275 -7, 946 -7, 574 

C 45 , 371 -28 -5, 016 -5, 818 -5, 707 -5, 975 -8, 852 -8, 763 -8, 411 -8, 015 
47, 523 2,124 -3, 655 -4, 619 -4, 391 -4, 700 -7, 659 -7,533 -7, 128 -6, 709 
49,676 4,277 -2, 541 -3, 484 -3, 290 -3, 583 -6, 504 -6,353 -5, 945 -5, 526 

:Algcbr.--ic sum or s\lrpluses and dericits or all count1os. Sumo( de£icits or counties having deHcits , Source: Table 132 (1). 
Pmg~m costs under A, B, and C based on State htghwny systPm or 12, 1111 8,466, and 6,500 mi, respectively. -
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TABLE 5 

STATISTICAL SURPLUS OR DEFICIT' AND NUMBER OF COUNTIES HAVING DEFICITS UNDER VARIOUS ASSUMPTIONS AS TO 
AMOUNT OF STATE ASSISTANCE AND DISTRIBUTION FORMULA' 

Number of Counties Having Deficits When State Assistance Distributed by 

Automotive Amount Statistical 

Safety of Surplus Mileage, Mileage, Mileage , Mileage, Mileage, 

Foundation State or Mileage Mileage Area Area Equal Area, Area, 

Assumption3 Assistance Deficit (-) 1 Mileage and and and and and Equal and Equal and 
($1,000) ($1,000) Area Equal Equal Population Population Registration Population 

A 45,371 15, 752 2 4 2 3 19 18 17 14 
41,061 11 , 442 7 13 9 12 30 27 26 25 
38,909 9, 290 15 19 17 19 36 33 30 29 
36, 756 7 , 137 24 24 26 25 40 41 38 34 
34,604 4, 985 38 33 32 34 50 46 45 43 
32,451 2, 832 47 50 38 38 55 51 52 51 
30, 299 680 56 55 50 52 58 57 57 57 

B 45,371 6, 164 29 34 28 30 48 48 43 42 
41,061 1,854 51 48 47 50 57 51 53 51 
38,909 -298 60 58 52 52 61 57 57 56 

C 45,371 -28 54 49 52 50 57 54 55 56 
47, 523 2,124 48 44 43 45 52 51 53 51 
49,676 4,277 39 42 38 39 49 50 48 49 

1Algebraic sum of surpluses and deficits of all counties. ZSource: Highway Finance Study staff. 
3o-.n ... .,,rn nnc,f.c, nnrf.,,,.. A 'D. ""rl f"' h"ccrl nn c;:!+..,,f.o 1-,.;.,.n .. ,~·•• ., .. ., .. ,....,. n~ 1'l 111 Q 1UtR .. .,;a R hnn ..... 1 ...... ~ .. ,., ... +1 ...... 1 •• 
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TABLE 6 

STATISTICAL SURPLUS OR DEFICIT' AND AVERAGE DEFICITS OF COUNTIES HAVING DEFICITS UNDER VARIOUS ASSUMPTIONS AS 
TO AMOUNT OF STATE ASSISTANCE AND D1STRIBUTION FORMULA'($ x 103

) 

Average Deficit of Counties Having Deficits When State Assistance Distributed by 

Automotive Amount Statistical 
Mileage, Mileage, Mileage, Mileage, Mileage, Safety of Surplus 

Foundation State or Mileage Mileage Area Area Equal Area, Area, 

Assumption3 Assistance Deficit (-) 1 Mileage and and and and and Equal and Equal and 
Area Equal Equal Population Population Registration Population 

A 45,371 15,752 36 16 51 27 43 43 34 35 
41,061 11,442 37 32 39 34 62 68 62 58 
38,909 9,290 35 44 42 44 72 77 75 72 
36, 756 7,137 43 57 52 57 86 82 81 83 
34,604 4,985 48 64 67 66 89 95 90 87 
32,451 2,832 62 63 82 84 101 108 100 95 
30, 299 680 76 82 86 85 118 118 113 108 

B 45,371 6,164 56 59 72 69 97 99 100 94 
41,061 1,854 73 85 88 85 125 138 126 123 
38,909 -298 86 94 105 108 138 145 139 135 

C 45,371 -28 93 119 110 120 155 162 153 143 
47,523 2,124 76 105 102 104 147 148 134 132 
49,676 4,277 65 83 87 92 133 127 124 113 

1Aigobnilc sum of surpluses and duflcits of all counllcs. 2 Source: Computed from Tables 4 and 5, 
3P ro(4. MUl1 costs under A, B, and C bu sed on State highway system of 12, 111, 8,466, and 6,500 mi, respectively. 

In computing surplus or deficit, estimated total road revenue (State assistance plus 
local sources) was used. Also, the total statistical surplus or deficit for all counties 
combined and the total of deficits for those counties having deficits were computed and 
analyzed (Table 4). Tables 5 and 6 give, respectively, the number of counties having 
a deficit and the average deficit of deficit counties under each assumption. 

CONCLUSION 

On the basis of the previous analysis, it was concluded that only the first four of the 
eight formulas merit any consideration and that, on balance, the single factor of road 
mileage is the best. (The detailed results of the first four formulas were presented in 
the report to the committee. Any one of the four would be far superior to the currently­
used formula; and one of the other three might prove to be politically more acceptable 
than road mileage alone.) Selection of this factor does not deny that the mileage for­
mula may appear to be particularly unfortunate to a very limited number of counties. 
But if the objective is to provide the most completely developed statewide system of 
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county roads possible with a given amount of State assistance, the mileage formula is 
superior to all other tested formulas. 

Moreover, if all State assistance to counties were distributed on the basis of road 
mileage, a considerable reduction could be made in the amount of such assistance with­
out impairing in any way the overall program of county road development. For example, 
under assumption A average State assistance could be reduced by $6. 5 million (i.e., 
by the truck and bus privilege tax and $0. 0025 of motor fuel tax) without increasing the 
number of counties that would have a deficit under existing distribution formulas or the 
total deficits of such counties. The particular counties involved, however, would be 
different. This is not to suggest that $ 6. 5 million is the proper amount of reduction 
in State assistance to counties, but it is illustrative of the advantages to be derived 
from use of a better allocation formula. 
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Model for Funds Allocation for 
Urban Highway Systems Capacity 
Improvements 
EVERETT C. CARTER, Graduate Student, Northwestern University and 
JOSEPH R. STOWERS*, Graduate Student, Northwestern University 

•MOST AGENCIES, in considering the allocation of funds for highway and street im­
provements ,imong possible alternatives, make somewhat arbitrary decisions based on 
sufficiency ratings, engineering judgment, or some other empirical criterion. These 
methods for allocating funds do not consider the effect of particular improvements on 
the system as a whole, nor do they consider the effect on the total system costs of con­
gestion on particular links. The objective of this paper is to introduce a feasible meth­
od of allocating funds for highway improvements in a manner that will yield a minimum 
total cost for the entire system, considering the total costs of operating vehicles (time, 
accident, and operating costs) on all links of the network, plus the total costs for making 
improvements to various links throughout the system. 

This report is divided into three sections: use of the model, formulation of the 
model, and some related models. An Appendix presents the mathematical development 
of an efficient solution technique for the model developed, together with a solution of an 
example problem. 

USE OF THE MODEL 

Figure 1 is a flow diagram of the transportation planning in process, similar to that 
described by Hansen (1), illustrating how the proposed model could be used in this 
process. As this diagram suggests, the model performs the equivalent functions of 
current assignment techniques including adjustment of link travel times as volumes 
approach link capacities and the evaluation and adjustment of transportation network 
improvement plans. 

The basic input data are the same as those typically required for current techniques: 

1. Estimates of future zone-to-zone trip interchanges. 
2. Geometry of the existing network of major arterials and express highways (to 

represent the network as a system of nodes and links). 
3. General physical description of all existing links of the system in sufficient de­

tail to determine practical and possible capacities and all operating costs (time, fuel, 
accident costs, etc.) under conditions of both free-flow and congestion. 

4. Location and design characteristics of all alternative new facilities in sufficient 
detail to estimate items 2 and 3 for these new links or links to be considered for im­
provement to higher standards. 

5. Cost estimates of all alternative improvements to be tested. 

The precise form in which these data are required will become clear in the next section 
where the model is developed. 

A single run of the model on a computer will simultaneously (a) assign zone-to-zone 
movements to the highway network according to minimum cost (largely, time costs) 
paths; (b) adjust costs upward as volumes exceed practical capacity; (c) adjust minimum 

*Now Highway Engineer, u. s. Bureau or Public Roads. 
Paper sponsored by Division of Finance, Taxation and Cost Studies. 
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Figure 1. Transportation planning process (double-outlined boxes contain parts of pro­
cess replaced b;y- model). 

cost paths as link costs are adjusted, and alter assignments accordingly; and (d) intro­
duce new links to the system and/or increase the capacity of existing links in a manner 
that yields the minimum total cost system. This last operation, the addition of new 
capacities to the system, is done in the model by selecting, from predetermined im­
provements to be evaluated, those improvements that are most economical--considering 
the total circulation pattern and the effect that the new improvements will have on this 
pattern. The amount of new construction that the model will select can be limited by a 
budget constraint if it is desired. 

Output of the model includes (a) traffic flows on all existing and proposed links, (b) 
capacity increases proposed for existing links and capacities of proposed new links, 
(c) total funds required for all new construction, (ct) vehicle-operating costs for each 
link and for the total system, taking into account the level of congestion on each link, 
(e) the marginal costs for the entire system of decisions made (before operation of the 
model) not to allow capacity improvements to links that are congested, and (f) the mar­
ginal cost of budget limitations; i. e., the rate of return that could be realized, con­
sidering total system costs, if additional funds were available for construction. The 
marginal cost of budget limitations would be zero, of course, if operation of the model 
revealed that the budget was sufficient or even excessive. In the latter cas!:!, the model 
would not allocate all available funds for construction, but would indicate the most eco­
nomical level of expenditures. 

This model is adaptable for use in short-range planning or for small urban areas 
without comprehensive transportation planning studies, as well as for use in the major 
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metropolitan studies. On a small scale, the model could be used to program the wid­
ening of arterials and the installation of traffic control devices, or to determine such 
items as the system cost of decisions not to widen arterials in residential areas. 

There are manifold advantages to the use of this model that cannot be realized with 
other current techniques, such as the following. The model can be used to determine 
the optimum level of public expenditures for the urban highway system. It can indicate 
whether budgeted funds are insufficient or excessive, and under each condition, how 
much money should be allocated to various improvements to yield the most economical 
system considering all measurable transportation costs. Also, the model can be used 
to determine the total system cost of decisions not to improve certain links. This may 
aid in the objective evaluation of controversial street widening in residential areas, 
and other problems of this nature. Current methods such as the benefit-cost ratio 
analysis only consider the effects of an improvement on one link of the system. 

The assignment function of this model contains an advantage over all currently used 
assignment techniques which is significant enough in itself to warrant the adoption of 
the model. Current methods either (a) do not adjust link travel times as the volume-
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(it is necessary then to rerun the assignment program using the new travel times, and if 
sufficient accuracy is desired, to continue this adjustment and reassignment until a 
balance is achieved); or (c) simultaneously make assignments and adjust travel times as 
volumes on links increase; however, assignments from particular nodes are never al­
tered to agree with adjusted travel times after they are first assigned to the network­
thus, only the assignments from the nodes considered last can be expected to be in 
agreement with the final adjusted travel times. In contrast, this linear programing 
method, in one run on the computer, assigns traffic and adjusts travel times in such a 
way that the final output is an assignment that is in complete balance with adjusted 
travel times. 

There are many additional advantages that can be expected from a model that assigns 
traffic and programs funds for improvements all in one operation. Time and cost sav­
ings will be realized. The model could be easily used to compare alternative types of 
expressway systems; e.g., radial-circumferential vs grid networks. Also, it should 
prove interesting to compare the results that would be obtained from short-range 
planning in several increments vs the results from one long-range planning period. 
Such an analysis could indicate the optimum length of the planning period. 

The use of this model by highway planning agencies is, at present, dependent not 
only on the availability of computers but also on the availability of personnel qualified 
to program models of this type on computers. Programs are widely available for 
solving linear programing problems using the simplex method and its variations. Small 
networks could be solved using these programs, but a more efficient program is needed 
to handle large networks on most available computers. The authors have used a solu­
tion techniaue develooed bv Charnes (2) which is verv efficient for linear oroe:raming 
problems that have the peculiar mathematical structiire of this model. This techniq~e 
is amenable to computer programing; therefore, with the hope of expediting the use of 
this model, the authors have included the mathematical development of the method and 
a detailed solution of an example problem in the Appendix. 

FORMULATION OF THE MODEL 

In defining the objective of transportation planning, the Chicago Area Transportation 
Study (!, Ch. 2) listed six criteria to be strived for in the development of plans: 

1. Greater speed. 
2. Increased safety. 
3. Lower operating costs. 
4. Economy in new construction. 
5. Minimizing disruption. 
6. Promoting better land development. 

The report discusses these criteria and contains an excellent statement of the goals of 
transportation planning and their relationships to comprehensive community planning 
goals. 
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Because these criteria cannot all be optimized (some conflict with others), it becomes 
desirable to express these goals in terms of a single criterion. The single objective 
chosen by CATS (3, p. 15) was "to provide that transportation system for the region 
which will cost lea st to build and use"; that is, 

to plan a system the sum of whose measurable costs for all trav­
elers and taxpayers in the region will be at a minimum. Ideally, 
every cost should be included, and cost should be used in a gen­
eral way to cover many indeterminate and non-measurable elements. 
But this form of universal social accounting is not presently 
possible -every cost cannot be measured. Therefore, total costs 
are defined here as construction and travel costs, the latter in­
cluding time, accident, and other user costs. 

Using the preceding as the best single criterion, it is not difficult to translate items 
1 through 4 into common economic terms and compare proposed plans. The last two 
items are more difficult to measure, and hence cannot readily be optimized in any 
planning model. Careful analysis of any proposed new construction (the inputs to the 
model discussed here) is necessary to determine how well these last two criteria are 
met. However, to the extent that the effects of proposed improvements can be quanti­
fied with respect to these criteria, they should be added to construction costs and in­
cluded in the inputs to the model. Otherwise, they must be evaluated with the best 
planning judgment. Only highway improvements that foster the desired land use plan­
ning goals and cause a minimum of disruption to the community should be considered 
as possible alternative improvements and therefore as inputs to the model. Hence, 
close cooperation between transportation and city planners is necessary in the deter­
mination of inputs to the model so that the final transportation plan will meet the last 
two criteria listed. 

The type of planning model suggested by the preceding statement of the transporta­
tion planning objective is an optimization model whose objective function takes the 
following general form: 

Minimize: User costs + Construction costs 

in which both terms are defined in the broadest possible way. If such a model is to be 
readily solvable by machine methods, it should be reducible to linear programing form; 
i.e., it should have a linear objective function to be minimized, subject to the appro­
priate linear constraints on the solution. 

Several difficulties arose in writing the objective function and the constraints in 
linear form. These difficulties and their resolution are discussed before the formal 
statement of the linear programing problem is made. 

User costs per vehicle for a link of a given length are not constant but increase as 
volume on the link increases, particularly when the volume exceeds practical capacity. 
Therefore, the model would give an inaccurate solution if the objective function stated 
user costs on the links as a linear function of volume on the links. User costs per ve­
hicle are approximately constant under free-flowing operation (volumes up to practical 
capacity), but increase rapidly with increasing congestion (volumes between practical 
and possible capacity). A good approximation of this relationship can be made using 
a piecewise linear function (Fig. 2)-one constant user cost per vehicle associated with 
free-flow conditions and another higher user cost per vehicle assigned to all vehicles 
that increase the volume beyond practical capacity. In the model this is accomplished 
by using two links (called branches of a link, to avoid confusion) to represent each link 
of the real network. One branch is assigned free-flow user costs and a capacity equal 
to practical capacity of the real link. The second branch is assigned much higher user 
costs (chosen so as to best fit the true relationship of average user cost per vehicle for 
all vehicles on the link vs volume under conditions of congestion for the real link) and 
a capacity equal to the difference between possible and practical capacity of the real 
link. 

Using this technique to approximate the nonlinear relationship between volume and 
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user costs, the average user cost per ve­
hicle at any level of congestion is the sum 
of the user costs on the two branches di­
vided by the total number of vehicles on 
the two branches. At first glance it may 
seem that this technique is unrealistic 
because, when volume exceeds practical 
capacity, vehicles will have different user 
costs attached to them depending on which 
branch they happen to be assigned to. 
However, this presents no difficulty, be­
cause the model yields the optimum solu­
tion considering the total user costs on all 
links. 

At optimum (i.e., under the final as­
signment), no vehicle could find a lesser 
nn.lC'Jl.f- -n~+h .avl"lan+ H~ ;-1- UJ'C'l"a ;nH·;r]illn r]ICJI_ 
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PRACTICAL POSSIBLE 
CAPACITY CAPACITY 

TOTAL VOLUME ON LINK 

signed to a high-cost branch, by exchang- Figure 2. Piecewise linear approximation 
ing branches with a vehicle on the low- of volume vs user costs curve. 
cost branch of the same link. (It may be 
possible for a particular vehicle to dis-
place another vehicle on the low-cost branch of a different link that is operating beyond 
practical capacity, and thus find a seemingly lower cost path. However, the model 
recognizes that such a solution would increase the cost to the displaced vehicle at least 
as much as the amount saved by the vehicle that displaced it and that, therefors, the 
overall solution is not improved. In addition, the model recognizes that neither vehicle 
will have actually lowered its cost in terms of average user costs per vehicle on the 
links. All the preceding claims of the model can be verified by mathematical proof or 
by the use of simple examples.) If this is done, the total system cost, the average and 
total link user cost, and the link assignment pattern are all unchanged. Thus, it is not 
of interest to know to which branch of a link a vehicle is assigned, and the only mean­
ingful cost in the final solution is in terms of the average user cost on the links. 

Thus, the model assigns traffic to the low cost branch until practical capacity of 
the link is reached. If the optimum solution, considering entire system costs, indi­
cates further use of this link, the model assigns the additional traffic to the high-cost 
branch until possible capacity is reached. At this point, no more traffic can use the 
link unless it is being considered for possible improvement to higbe1· standards (dete r­
mined before operation of the model), and unless total system costs indicate that is the 
most economical decision to be made. 

Treating an improvement to a link of the system (or the addition of a new link) as a 
r.:m:H•.itv inP.rP::i se :.il lnws snmP nf thP VPhir.lPs t.n tr::ivPl ::i.t ::i lnwe r r.nst (if suc.h is the 
~;~;f;~d--~;~-i~~~;~~e; fu~--~~i~~m n~lllb~r ~f vehicles that may ~se· the link. By 
viewing improvements in this manner, the model adds the unit cost of operating ave­
hicle to the unit cost of providing the additional capacity to handle another vehicle. 

If the total costs of an improvement are converted to daily costs over the useful 
life of the improvement, and then divided by the added daily capacity, the result is the 
cost of providing the additional capacity for one vehicle trip over the link. The cost 
of providing additional capacity for vehicles to use a link does not increase linearly as 
the amount of capacity added increases. The cost of highway and street improvements 
takes the form of step functions. That is, a street-widening project might add a given 
volume to the capacity of the original facility, the installation of a signal would add 
perhaps a different volume, and so on, depending on the specific type of improvement. 
For this reason, the unit cost of adding capacity to a particular link would not be con­
stant but would vary with the type of improvement contemplated (Fig. 3). 

The use of a constant unit cost for increasing the capacity of links or adding new 
links will result in values that show the relative demand (from a cost viewpoint) for 
improvement on the various links. Thus, a solution that indicated the addition of a 
very small number of vehicles to the capacity of a particular arterial would not be 
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significant, whereas the solution that in­
dicated the addition of several hundred ve­
hicles to the capacity of a link definitely 
points out a critical link-one whose im­
provement will contribute greatly to the 
efficiency of the entire system. 

The preceding discussion indicates the 
form that the objective function must take. 
Also indicated is the nature of one of the 
necessary sets of constraints (the capacity 
restrictions) and the nature of one optional 
constraint (the budget limitation on the 
amount of funds that may be allocated for 
improvements to the network) . Two ad­
ditional sets of constraints are necessary 
due to the structure of the model. 

Due to the manner in which the problem 
of the nonlinearity of user costs was handled 
(the representation of each link by one 
branch for free-flow conditions and one 
branch for congested-flow conditions), it is 
necessary to introduce a constraint that in­

sures that, when the capacity of a link is increased, the ratio of practical to possible 
capacity will remain the same. This follows from the definitions of practical and pos­
sible capacities. li this constraint was not included, the model could, for example, 
double the practical capacity of a link by carrying out an indicated improvement without 
adding any incremental capacity (possible minus practical capacity). Therefore, another 
set of constraints is required, one for each link to be considered for improvement. 

The final set of constraints required, aside from the non-negativity conditions on all 
the variables, is the Kirchhoff node equations, so called because of the analogy to elec­
trical network equations. These state that there must be a balance of flow at each node; 
i.e., the flow into a node must equal the flow out of the node, considering traffic orig­
inating at a node as input and traffic with destination at a node as output. Due to the 
structure of the model, one of these equations is required for each node for each copy 
(a copy is the distribution from a node of origin). For example, if a network has ten 
nodes and five nodes with traffic originating from them, then 10 x 5 = 50 Kirchhoff node 
equations are required. 

The formal statement of the preceding discussion takes the following form as a linear 
programing problem: 

subject to 

Min f (x, c') =I: I:I: ujk (Xijk+ + Xijk_) +~ rj c' jl 
i j k J 

L L ehijk (Xijk+ - Xijk_) = Ehi 
k 

L (Xijk+ + XijkJ -C' jk ~ Cjk 
i 

:E rjc' jl ~ F 
j 

Cjl C'j2 - Cj2 C'jl = 0 

Xijk+• Xijk- ' C' jk « 0 

h = 1, . .. , n 
i = 1, ... , m 

j = 1, ... , L 
k = 1, 2 

J = 1, ... , L 
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in which 

Xijk+ 

Ujk 
rj 

cjk 
C'jk 

ehijk 

F 

= 

= 
= 
= 
= 

number of vehicles per day on kth branch of jth link for distribution 
from the ith originating node in arbitrarily chosen positive direction 
of branch. Xijk- is volume in opposite direction. 
user cost per vehicle on kth branch, jth link. 
cost of improvement per day per vehicle of capacity added to jth 
link. 
existing two-way daily capacity of kth branch, jth link. 
daily capacity added to kth branch, jth link. 
incidence number at htll node, for flow from ith originating node, 
for ktl1 branch of jth link. Convention adopted here for incidence 
numbers is 

+ 1 for input to node; i.e., if arbitrarily chosen positive 
direction of a link is toward node. 

- 1 for output from node. 
0 if link is not connected to node. 

= numbe1· of vehicles per day originating (minus) or terminating (plus) 
at hth node for flow from 1th originating node. 

= total funds available for improvements to the network on a daily 
basis. 

The first set of constraints is the Kirchhoff node equation stating that the total traf­
fic flow into each node must equal the total flow out. 

The second set of constraints states that the total traffic minus the added capacity 
cannot exceed the existing capacity of each branch. 

The third constraint states that the total amount spent for capacity improvements 
cannot exceed the amount of funds available. 

The fourth set of constraints states that the improvements in capacity must be made 
so that the ratio of practical to possible capacity remains the same for each link. 

The dual of this problem can be written as 

subject to 

in which 

Max f (B, D, G) = L L 
h i 

Gjl - Cj2 Dj - rj D s: rj 

Gj2 + Cjl Dj s: 0 

Gjk• D s: 0 

i = 1, ... , m 
j = 1, ... , L 
k = 1, 2 

j = 1, ... , L 

j = 1, ... , L 

Bhi, Dj may be positive, negative, or zero 

Ehi, F, Cjk, Xijk+, Xijk- , ehijk, Ujk and rj are as defined for the primal 
problem. 

The interpretation of the dual appears to be of little utility; however, two of the dual 
variables, whose values will be known when the primal problem is solved, are of con­
siderable interest: 

= total change in system cost per unit increase in capacity 
of kth branch, jth link. 
total change in system cost per unit increase in F, budget 
limitation. 
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As already noted these values will be either negative or zero, and therefore will in­
dicate the unit savings that would have been realized, if capacities could be increased 
on links not considered for improvement or if additional funds were available for im­
provements. 

The structure of the general problem and the relationship between the primal and the 
dual are given in Table 1. 

TABLE 1 

GENERAL FORM OF PRIMAL AND DUAL TABLEAU FOR CAPACITY 
IMPROVEMENT MODEL 

Interpretation oJ 
X111, X111 . '. , XIL2+ x,L2 Xm11, Xm 11- • • ' X mL2~ X mL2- c:1 I I I 

Primal Constraint ... 
C12''' CLI CL2 

Bi1 e 1111 - e 1111 · • -e11L2-e1 1L 2 

B1 2 e1211 - e 1211 · · · e12L2-e12L2 . . . . . : Balance of Input 
Bin e ,n 11 -e1n11 elnL2-elnL2 

and Output of : 
Traffic at each 

sml Node 9m111 - emlll ' • ' emlL2 -~ 1l.2 

Bm em2!1-em211 " · · em2L2 ~ 2L2 
. . . . 

Bmr emn 11-emn11 • • emn1.£ e mnL2 

Funds Constraint D -f1 • . • -rL 
Rentention of 

1?1 C12 C 11 Capacity Ratio 
(Poss. : Proct.) 

DL -CL2 C u for each Link 
Capacity Constraint G 11 -I -I ... -I -I ti 
for each Branch ... 
of each Link Gc2 -I -I ... -I -I ti 

/\I /\I ... /\I /\I ... /\I /\I . .. /\I /\I /\I /\I .. • /\I /\1 
U, 1 U 11 Ui.2 UL2 Uu U11 UL2 Ui.2 r, 0 rL 0 

SOME RELATED MODELS 

=E11 

=E12 

=Em 
>--:-

: 
=Em1 

=Em2 

=Emn 

~-F 
= 0 

= 0 
2:-C11 

: 

~-CL2 

At least three other writers have suggested the use of linear programing models to 
determine the optimum allocation of funds for highway improvements. Each author has 
considered different aspects of the general problem, and therefore has attacked the 
problem in a different manner. The first two of these models are mentioned only briefly, 
because they have already appeared in the literature. The work of the third author, 
however, is contained in an unpublished thesis; therefore , it should be helpful to discuss 
this model in more detail. 

Garrison ( 4) considered the problem of the shipment of commodities between urban 
centers over a regional or National highway network. Assumed given are existing ca­
pacities between all pairs of cities, shipment costs on all links, current levels of pro­
duction and demand for commodities at all nodes (cities) , unit costs of adding capacities 
to all links, and quantitative measures of the impact of capacity improvements on pro­
duction and demand at all nodes. Solution of the model determines the optimum alloca­
tion of funds for improvements to the highway system. The model also indicates the 
total growth in production and demand that is expected to occur in each city as a result 
of the added capacities of the links. Unlike the model presented in this paper, Garrison's 
model does not, as written, handle such difficulties as the nonlinearity of shipment costs, 
the fact that commodities are transshipped through several nodes in the real world, or 
the fact that the solution may be constrained by budget limitations. However, these dif­
ficulties could be dealt with in the same manner as in the urban model presented in this 
paper. 
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Quandt (5) also considered the problem of the shipment of commodities between 
centers of production and consumption and the allocation of funds for highway improve­
ments. Several linear programing formulations are presented, each dealing with the 
problem under different assumptions. In general, this work differs from Garrison's 
in that transshipment through several cities is possible, and the case where budget 
constraints are introduced is considered. However, Quandt does not deal with in­
creases in production or demand, nor with the problem of nonlinearity of shipment 
costs versus volume on links. 

Plaza (6) also deals with interurban travel and the allocation of funds for highway 
improvements. However, he is not concerned with the determination of commodity 
flows between cities. As in the preceding urban model, node-to-node traffic is assumed 
known. In fact, the actual volumes on links are assumed to have been determined by an 
assignment model. Unlike the urban model, however, Plaza's formulation ignores 
capacity restrictions and concentrates on the determination of the optimum allocation of 
funds to improve links to higher standards in order to reduce maintenance costs and 
user costs. This model has application to interurban highways where traffic volumes 
navar exceed practical capacity but ,1.rhere geometric design features and roadway snr­
face conditions are the chief factors affecting user costs. The model has particular 
utility in the determination of the timing of improvements to higher-type surfaces in 
developing regions. 

It is not possible to discuss here all the many variations of this problem that were 
treated by Plaza. Only the linear programing formulation covering the most general 
case of the problem is presented. 

The general problem is 

subject to 

in which 

tiq = 
q 

~ = 
uq 

i = 

Si = 
Gi 

d<J 
l = 

x~ = l 

k 
ri = 

k 
ai = 
Bk = 

Min f tiq [ Ki - diq f xf ] 

~ [ f +r +aM] 
1 k = 1 

q 
L x\t :s: Gi 

k=l 

xf ~ 0 

,.:L. - - - +l.. 
total number of vehicles using iu• link in q~• year. 
nuf ber of years to accomplish program. 
u1 Si+ UiqGi = cost of travel over 1th link in qth year, if no improvement 
were made. 
time plus Oj)erating costs du.ring qth year of travel over unimproved sec­
tions of ith link, per vehicle mile. 
length of p1·eviously improved sections in 1th link, in miles. 
length of unimproved sections in 1th link, in miles. 

difference of travel costs per mile during qth year over unimproved 
and improved sections of 1th link. d'l

1 
= u<! - u<J 

l l 

length of ith link improved during kth year of program {these are variables 
to be ~termined by solution o[ problem) . 
b\c - cj = difference in costs of maintenance of a miles of ith link after 
and before improvement at kth year. 
cost of improvement per mile of 1th link, kth year. 

budget for maintenance and improvements on whole network during kth year. 



B~ = :E (bf Si + cf Gi) = budget at kth year, if no improvements at all 
i 
are made. 
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The preceding objective function is the total travel costs over the network after the 
improvements have been made. 

The first set of constraints states that the sum of all increases in maintenance costs 
due to improvements plus the sum of all costs of improvements cannot exceed the budget 
in any year. 

The second set of constraints states that the total length of improvements over the 
years, to any link, cannot exceed the original length of unimproved section on that 
link. 

The following are some of the many particular cases of this problem considered and 
successfully solved by Plaza: 

1. The budget limitation only applies to the cost of improvements. 
2. Cost of improvements per mile for each section is expected to remain constant 

throughout the period of the program. 
3. Budget constraints are unspecified; the optimum level of expenditure for each 

year is to be determined. 
4. Scarcity of materials required for certain improvements. 
5, Geographic distribution of the improvements is desired to avoid excessive con­

centration of improvements in particular areas. 
6. Decentralization of the budget among several local agencies. 
7. Changes in the pattern of movements between cities due to improvements in 

the system. ~ 
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Appendix 
DEVELOPMENT OF A COMPUTATIONAL TECHNIQUE 

The linear programing problem in the second section requires nm + 3L + 1 con­
straint equations, in which n is the number of nodes in the network, mis the number 
of copies (nodes that originate traffic), and Lis the number of links: The analysis 
of relatively large street systems by simplex routines would exceed the capacity of 
most electronic computers. Therefore, a computational technique that takes advantage 
of the special structure of the proposed model would be very useful. The structure of 
the model is shown in Figure 4. 

The Mi's (matrices of incidence numbers, ehijk'S for the ith copy) together with 
their respective restraint vectors bi's) represe_nf individual linear programing problems 
of which the first m are unconstrained network problems for the distribution of traffic 
from each copy. The capacity improvement copy Mw.+l bm+l represents the linear 
programing problem for the capacity ratio and fund constraints. The Ni's are matrices 
of structural coefficients (1 or 0) that couple the various copies to the link capacity 
constraints (C's). Yi is the solution vector of flows (or capacity increments for i = m+l) 
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Figure 4. Model schema. 

for the ith copy, and bi is the vector of stipulations for the ith copy. 
The form of this problem is the same as that of the mixing routine for coupling 

models, developed by Charnes (2). This method essentially solves two different linear 
programing problems: the network problem for each copy and the mixing problem. The 
mixing problem uses a convex combination (mixture) of extreme point solutions from 
each copy to obtain (by iteration) the optimum solution for the entire system. 

The mixing problem is stated as follows: 

subject to 

in which 

Ui = 

Riq = 

Minimize I:; I:; 
i q 

?'~i Piq 

L Riq = 1 
q 

Rtq ~ 0 

vector of costs (Ujk) for ith copy. 

,... - \., 

fraction of qth extreme point (p1q) from ith copy that is included in mixing 
problem. 

Piq = qth extreme point (solution vector) from 1th copy. 

Ujk, Ni, and C are as previously defined. 



The vector of coefficients in the mixing problem associated with Riq is 

piq =[HTq I di J 
in which 

Hiq = Ni Piq 

d ~ = unit vector with a 1 in ith column. 
1 

Uiq = uT Piq = solution cost for iqth extreme point. 
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Because each network copy has only n-1 constraint equations, the capacity improve­
ment copy has only L+l equations and the mixing problem has only m+2L equations 
(even with all branches constrained, which is never the case for an actual street system), 
the mixing routine enables quite large networks to be programed for electronic computer 
solution. 

EXAMPLE 

The problem chosen to illustrate this method is shown in Figure 5 and Table 2. It 
is a somewhat simplified (for the purpose of hand computations) representation of an ex­
isting city street network. The link operating costs (cents per vehicle) are equivalent 
to the average vehicle operating costs per mile times the length of the link plus a time 
cost of traversing the link and an estimate of the accident costs on the link. The prac­
tical and possible capacities of the streets were determined from a physical description 
of the width, control of access, adjacent land use, and other pertinent data. 

The capacity figures used are 24-hr, two-directional ones. H the relationship be­
tween peak-hour and 24-hr volumes is kept in mind, either peak-hour or 24-hr volumes 
may be used. 

The node origins and destinations (Table 2) are based on data from an actual traffic 
origin and destination study. Traffic was assigned from the originating node to the 
various destinations for each copy by the uncapacitated network minimum cost path 
method. From Table 3, which gives the total assignment from all three copies, it is 
evident that only two links in the system (links 5 and 9) have assignments over practical 
capacity. Only those links close to or over capacity are likely to be critical ones. Thus 
it is possible to simplify the required computations tremendously by assuming that only 
links 5 and 9 are capacitated and to solve the coupling problem with the remaining links 
as uncapacitated ones. H, however, in the optimal solution (with this assumption) other 
links have assignments greater than their actual practical capacity, the problem would 
have to be reworked-with these links now considered as capacitated ones. Because it 
is of interest to determine the "cost" of making the political or policy decision not to 
improve a particular street in a system, it was assumed that the capacity of link 9 could 
not be improved. The result of this decision can be evaluated by the dual variables 
associated with link 9 in the final solution. 

To have amounts that are easier to work with by hand-computing techniques, the ori­
gin and destination amounts in the computations are in hundreds of vehicles and the costs, 
therefore, in dollars per 100 vehicles. The incidence matrix (MJ for the capacity im­
provement copy is given in Table 4. SF is the fund slack vector; C5\ and Cs'2 (as pre­
viously defined) are the daily capacities added to branches 51 and 52; UL is the cost of 
adding one vehicle of daily capacity to link j (calculated as explained in the second sec­
tion); and b4 is the stipulations vector. 

The $ 50 budget stipulation is the total daily funds for improvements to the system. 
An initial solution for the mixing problem was composed of one extreme point from 

each of the four copies plus four slack and artificial vectors required to satisfy the ca­
pacity constraints. 1 For the three network copies, these were obtained by multiplying 

lA slightly different solution for this type of problem is given elsewhere (1). 
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Figure 5. Operating costs per vehicle (Ujk) and capacity (Cjk) of each branch of each 
link for example problem. 

Zone (node) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

TABLE 2 

ZONE-TO-ZONE MOVEMENTSa 

Copy 1 Copy 2 

500 3,000 
- 8,000 1,000 

0 1,000 
1,000 500 

0 1,000 
500 1,000 

1,000 2,000 
500 0 

2,500 -10, 000 
1,500 0 

500 500 

~egative sign= traffic originates at node; positive number 
tion at node. 

Copy 3 

500 
500 

3,000 
500 
500 

- 10,000 
2,000 
1,000 

500 
500 
500 

= traffic that has destina-
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TABLE 3 

CAPACITIES AND INITIAL TRAFFIC ASSIGNMENT TO NETWORK LINKSa 

Capacity of Capacity of Total Traffic 
Link Branch 1 of Branch 2 of Assignedb 

jth Link, Cjl jth Link, Cj 2 

1 6,000 1,500 5, 500 
2 7,200 1,800 6, 500 
3 4,000 1,000 500 
4 3,000 750 500 
5 4,000 1,000 8,000 
6 4,000 1,000 1,000 
7 10,000 2,500 8,500 
8 8,000 2,000 4,500 
9 6,000 1,500 10,500 

10 4,000 1,000 1,000 
11 8,000 2,000 5,000 
12 6,000 1,500 6,000 
13 7,200 1,800 7,000 
14 9,000 2,250 9,000 
15 6,000 1,500 3,500 

aPositive directions of links chosen in obviously expected direction of traffic distri­
bution for each copy, but this is arbitrary choice. 

bFrom all copies assigned by uncapacitated minimum cost path solution. 

TABLE 4 

SIMPLEX TABLEAU (Mt) FOR CAPAC­
ITY IMPROVEMENT COPY 

I r.i 5 0 0 

c• 51 er 52 SF b4 

5 0 1 50 
-10 40 0 0 

the corresponding Ni (incident matrix) 
times the uncapacitated solution, Hiq = 
Ni Piq, and attaching a unit vector with a 
1 in the 1th row. Thus, Pfl = (Hu, 1, 0, 
0, O) = (45, 0, 15, 0, 1, O, 0, O); (Table 
5). 

The extreme point from the fourth (ca­
pacity improvement) copy was computed by 
solving Mt (the fourth incidence matrix) 
using the regular simplex method. 

At this point the computational procedure 
is outlined as an algorithm: 

1. A basic feasible optimal solution is 
obtained from each copy, and costs asso­
ciated with each solution are computed. 
The uncapacitated minimum cost network 

or the simplex method (copy 4) gives the copy solutions. Solution costs are given by 

uiq = uT Piq 

2. Mixing problem vectors are obtained from the first extreme points (pn) of the 
individual copies by using 

Pil = (Hii I dT = [(NiPn)T JdI] 

3. A basis (B) for the mixing problem is obtained by adding slack and artificial 
vectors to satisfy the stipulations. 

4. The initial basis is inverted so that the modified simplex method can be used (by 
iteration) to obtain an optimum solution. 
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TABLE 5 

INITIAL BASIS FOR MIXING ROUTINE AND STIPULATION VECTOR Po 

V 2095 2555 1850 0 K 0 K 0 

Basis Pi I P21 P31 P41 A51 S52 A91 S92 Po 

45 0 35 0 - 1 0 0 0 40 

0 0 0 0 0 I 0 0 10 

15 75 15 0 0 0 -, 0 60 

0 0 0 0 0 0 0 I 15 

I 0 0 0 0 0 0 0 I 

0 I 0 0 0 0 0 0 I 

0 0 I 0 0 0 0 0 I 

0 0 0 I 0 0 0 0 I 

5. The P~ column for the first tableau (inverted first basis) is calculated from 

, -1 [ I J T P 0 = B C 1, 1, 1, 1 

For this problem (Table 6), P~ = B-1 [ Cs1, Cs2, Co1, Co2, 1, 1, 1, 1 JT 

6. The vector of costs for the first basis vectors is VB, of which the first m-com­
ponents are the costs of the copy solutions. (For this example the artificial vectors 
were assigned a finite, but very large, "K" cost and the slack vectors have a zero cost.) 
The w T row is obtained from 

wT = viB-1. 
l'7 m~- _,:_.,:_,_ --.... t...1 .... - ......... 1 • ._ 4-,:....__ .: ... 4-,...,..4-...,..,.J ,C,.."" ,.._.,_.;..,_nl;+ .. ., h .. .,. ron'l'YIY"u,+;,.......,. n ..... ,...n .. f,..tll\ 
I, .1.IIC .111.l.AJ.llb J:,J.L VU.L'C,.l.U OV,1.U.1..t.VU J...:> l,'C,Ol,'C,U. LV.I. vp1..1. .u.&W.A..&. ... , u:, """.LLl,l,I U..l..l.&&E, u. .u. .... YY \'f I 

optimal solution from one of the copies (in the case of the first check, copy 1 was used) 
using the regular network algorithm (or the simplex method in the case of copy 4), but 
with new "dummy" costs. The dummy costs (J) are obtained from 

in which 

JT = u'f - wTN. 
l l 

wT = portion of w T row associated with capacitated links (here, the first four ele­
ments). 

J = vector of dummy link costs used to calculate a new optimum from one of the 
copies. 

The cost of this new optimal copy solution (Piq) is obtained from 

uiq = uTPiq 

8. As in step 2, the new optimal copy solution is transformed into a mixing problem 
vector, Piq· 



9. Next, entry into the basis is tested for by computing (similarly to the regular 
simplex method) 
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If Ziq - Uiq > O, the vector can improve the mixing problem solution and, therefore, 
enters the basis (one proceeds to step 10). 

If Ziq - Uiq ~ O, the vector will not improve the mixing problem solution . Therefore, 
step 7 is returned to and repeated with the next copy. When no vector from any copy 
wants to come into the mixing problem basis, the mixing routine is optimal. Therefore, 
for optimality, 

for each i = 1, . . . , m +1. 
10. The new mixing problem vecto r (from step 8) is premultiplied by the current 

inverted basis, B-1, to yield B-1Piq· 
11. The vector to be removed is determined by dividing the P~

1
elements by the cor­

r esponding positive elements of B-lpiq· The minimum ratio of P 0 elements to B-lpiq 
element signifies the vector to be removed. 

12. By row reduction, B-lPiq is transformed into a unit vector with a 1 in the row 
having the minimum ratio (from step 11). This same row reduction is also performed 
on the complete inverted basis, including the wT row. The result is the complete next­
stage tableau. 

13. Step 7 is returned to the new optimum solution calculated from the same copy 
that was being analyzed in steps 10 through 12. This is continued until at step 9 an 
optimum is indicated. 

Table 5 is the initial mixing problem basis. Table 6 gives the inverse of this basis, 
along with the cost vector VB, P.12 (calculated from copy 1, Piq, using dummy costs de­
termined as outlined in step 7), and B-lP.12. This table shows that P12 will improve the 
solution (Z12 - U12 = 60k - 195) and that 852 is the vector to be removed from the basis. 

The upper half of Table 7 gives the result (stage 2) of bringing P12 into and of re­
moving Ss2 from the basis. Iteration continued (following the outlined algorithm) until 

TABLE 6 

INVERSE OF INITIAL BASIS AND FIRST ITERATION(MODIFIED SIMPLEX 
TABLEAU) OF MIXING ROUTINE TESTING FOR OPTIMALITY 

pl2 Ve BASIS R' 
0 

·I 
B ~2 

'.P-9 
'>o 

0 2095 Pi, I I I I 

30 2555 P21 I I 0 

0 1850 P31 I I 0 

0 0 P41 I I 0 

I K A51 -I 45 35 40 45 % 
0 0 S52 I 10 30 ';3 

0 K A91 -I 15 75 15 45 15 3 

0 0 S92 I 15 0 
U12 = w -K 0 -K 0 2095 2555 1850 0 6500 -195 
2290 i-60K +75K +50K +85K i-60K 
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TABLE 7 

TABLEAUX FOR 2ND AND 16TH (FINAL) ITERATIONS 

~3 VB s-• 
2 P' 

0 
s-·~3 RATIO 

0 2095 pll - Y30 I 213 I 213 

0 2555 P21 I I 

0 1850 P31 I T 

0 0 P41 I l 

I K As, -1 -72 45 35 25 45 8111 

0 2290 pl2 1130 Y3 

0 K A91 -!t2 - 1 15 75 15 40 15 B/3 

0 0 592 ' 15 

2460 w -K 1312 -K 0 
l:'.U90 C.J.JO loov 

0 
6565 -365 -·· +60K +75K +50K +65K -60K 

p44 P34 p27 ~.10 VB s;s P' 
0 s-'Fl.10 a-·~1 s·~4 B"P.i4 

-10 35 0 30 2230 P!e _i,,c -~c 3 ~2 .5/'! I/'! 0 0 0 0 

-% 0 0 0 2555 P21 Y20 '!!300 _l\,4 _3/4 '120 0 I 0 0 

0 15 75 0 1850 p31 -'135 I -Y14 _9/i4 0 0 I 0 

0 0 0 0 2170 P,3 ~o 1/10 -2 'l2 % % I 0 0 0 

0 0 0 I 50 I I 0 0 0 I 

0 0 I 0 1990 P32 1135 1/4 5"4 0 0 0 0 

0 I 0 0 2635 P25 -
11
20 -Y20 1514 ;\ 3/4 0 0 0 0 

I 0 0 0 2780 P22 1/7,. '15 0 0 0 0 

50 1850 2555 2170 w - 6 -2 -4 - 1 2350 2855 2120 -1 5 6795 Z-U= Z-U= 2-U= Z-U= 
0 0 0 0 

an optimum solution was indicated at stage 16. The lower half of Table 7 shows the 
16th stage. 

The elements of P~ in this final stage indicate the proportion (~11) of the various 
copy solutions that are combined to yield the optimum solution fo1· tiie entire system. 
Taking these P~ elements times their corresponding vector of flows and summing 
gives the total traffic flow on all links of the system (Fig. 6) for the optimal mixing 
problem solution. 

Although the mixing routine always yields a feasible optima!_ solution, the results 
are not always basic feasible optimal. Therefore, the regular network evaluation 
procedure was used to compute the node evaluations (G's and w's) for the three copy 
solutions and to obtain a basic feasible optimal solution (2, p. 637). The evaluation 
procedure usually produces a basic feasible solution with- only one or two iterations 
f-rnm thP miyfog "l"nntinP .,.,:,,:mlh::i_ Tn thii:: PY~mplP, thP miYing mnnPl "l"Pi::nlti:: WP"l"P 

basic; therefore, no iterations were necessary. 
The optimal solution of this ell'.ample (Fig. 6) shows that the tra.ffic flow on link 9 is 

at the maximum allowable capacity (assuming that the capacity of link 9 could not be 
increased). Also, the practical capacity of link 5 was increased from 4,000 to 5,000 
vehicles, and the difference between practical and possible capacities increased from 
1,000 to 1, 250 vehicles. This increase in capacity expended all available funds. 
Because the flows on all other links are below their practical capacities, the system 
does not have to be re-evaluated when the assumption that these links are uncapacitated 
is relaxed and they become capacitated links. 

The Gfk associated with the capacity constraints on link 9, Glt1 = -4 and G1'2 = -1 
(Table 7), are the evaluations of the functional for a unit change in the capacity con­
straints C9 1 and Ce2. Thus, these dual evaluators give the decrease to the total system 
cost if a vehicle unit of capacity could be added to link 9. Similarly, Gt1 = -6 and Gt2 = 
-2 give the savings that would be realized in the system cost if the capacity of link 5 
could be increased by one unit. 

The savings to the system for an additional unit of investment in capacity increase 
(-D) can also be obtained from thew row. The eighth value divided by the total funds is 
-15/50 = 30 percent. 
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Figure 6, Optimum solution for example problem (from mixing routine) showing total traf­
fic (Xjk) on links, original capacities (Cjk), and capacity increases (Cjk)• 

By looking at the dual problem constraints, 

Gjl - Cj 2Dj - rp :5: rj 

Gj 2 + CjlDj :5: 0 

G51 - CsA - 5D :5: 5 

Gs2 + Cs1Ds :5: 0 

Because at the optimum there was no slack, the equalities hold; therefore, 

6 - 1,000 Ds - 5D = 5 
2 + 4, 000 Ds = 0; 

Ds = 2/ 4,000, 
Substituting, 

6 - 1,000 (-2/4,000) - 5D = 5 
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Thus, D = 3/ 10 or 30 percent, which agrees with the value obtained from the final 
tableau. 

This means that a unit increase in F (funds) would result in a 30 percent return in 
terms of the savings to the system. 
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The Place of Subsidies in an 
Optimum Transportation System 
HERBERT D. MOHRING, Associate Professor of Economics, University of Minnesota 

In the free enterprise world of economic theory, four distinct 
grounds for socially desirable subsidies are generally enu-
merated: (a) economies of scale, (b) indivisibilities, (c) "sec-
ond best" considerations, and (d) social considerations. Many 
students of transportation economics have presented arguments 
that would seem to justify general transportation subsidies or 
subsidies to particular components of transportation on grounds 
other than these four commonly accepted ones. Four of these 
arguments are presented. 

This paper demonstrates through use of some simple mathe­
matical models that these common and seemingly plausible 
arguments do not provide an economic foundation for a general 
policy of transportation subsidy; describes the basic economic 
conditions generally regarded as justifying subsidy; and sum­
marizes the limited available evidence concerning the presence 
of these subsidy justifying characteristics in transportation ac­
tivities. 

•THE EFFECTS of highway improvements pervade the economy in a different manner 
than do, say, the effects of new steel mills. Perhaps for this reason, many nonecono­
mists (particularly those engaged in the use or development of highways) tend to re-
gard highway investments not only as quantitatively but also as qualitatively unique. 
Similarly, when dealing with a wide variety of problems, economists find it convenient 
to ignore the condition that the production and distribution of goods and services normal­
ly entail the employment of resources to overcome the friction of space. Perhaps for 
this reason, the opinion seems common among economists that different tools of analysis 
and different standards of valuation are required to deal with problems-the economics 
of transportation and of international trade, in particular-in which space must neces­
sarily play a central role. 

One upshot of this putative uniqueness of the role of transportation is a wide variety 
of special economic arguments purporting to show why various types of transportation 
or transportation in general is deserving of subsidy. Two matters should be clarified 
at the outset: what a "subsidy" is and what a "special economic argument" for subsidy 
is. 

Dictionaries define "subsidy" along the lines of "a payment out of general tax reve­
nues to support an activity deemed advantageous to the public." This definition is too 
narrow. The label "subsidy" has been attached to a wide variety of situations in which 
no direct payment from tax revenues is involved. For example, some argue that apple 
growers subsidize bee keepers because no payment is made for the nectar bees con­
vert into honey. Some claim that non-user contributions to highway trust funds would 
constitute subsidies to highway users; others maintain that paying for highway improve­
ments entirely through user taxes subsidizes the many non-users who benefit from these 
improvements. Inasmuch as the license fee a private passenger vehicle operator pays 
is independent of the number of miles he drives, it can be contended that the 3, 000-mile 
per year driver subsidizes his 30, 000-mile per year counterpart. 
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Some of the special arguments discussed here are arguments for subsidies in the 
narrow dictionary sense; that is, arguments for payments out of general tax revenues. 
Others are arguments for subsidies in a broader sense of the term, subsidies that in­
volve payments from one specific population group to another rather than from general 
tax revenues. 

In the last analysis, payment of a subsidy of either variety is justified and justifiable 
only on grounds of social desirability; that is, on grounds that its payment is deemed a 
good thing. Some subsidies are justified largely or entirely on humanitarian, equity, 
or national defense grounds. Unemployment compensation is paid because most feel 
that it is not nice to let people starve. Many argue that public transportation subsidies 
are necessary to enable people who cannot afford cars or are unable to drive to get to 
and from work. The basic argument for veterans' benefits seems to be that the ser­
vices rendered by veterans are deemed to have been of higher value to society than the 
price initially paid for them. The American merchant marine (among a great many 
other activities) has successfully petitioned for subsidy on grounds that ships are needed 
in time of war. 

Whether a subsidy is justified on humanitarian, equity, or defense grounds is a 
matter for politicians, not economists, to decide. About all an economist acting in 
his role as economist can do is put the costs involved in perspective. He can, for 
example, point out the number of nuclear submarines that could be provided with the 
funds presently spent on merchant marine subsidies. 

In addition to humanitarian, equity, or defense justifications, however, proponents 
frequently claim purely economic justifications for the subsidies they favor. That is, 
they claim, in effect, that the market value of the subsidy's anticipated benefits will ex­
ceed its dollar costs. Although most economists have rather jaundiced views about 
subsidies, they do typically agree that a subsidy to an activity would have a benefit-
cost ratio of greater than one under certain conditions. The argument runs about as 
follows: It would be economically desirable to increase the output of a commodity if 
the cost of the additional resources required to do so is less than the price consumers 
would be willing to pay for these additional units. More succinctly, it would be eco­
nomically desirable (economically efficient, to employ the commonly-used term) to 
increase the output of any commodity as long as its additional, incremental, or marginal 
production costs are less than its market price. Expanding output would be economically 
efficient in the sense that doing so would enable making at least one person in the economy 
better off, without at the same time making any one else worse off. 

Also, the key here is not average production costs; it is, rather, additional, incre­
mental, or marginal production costs. The key to achieving economic efficiency is to 
set marginal cost equal to price even if doing so requires operating at a loss and hence 
requires a subsidy. A "marginal cost equals price" output policy would require operat­
ing at a loss if the production process in question was characterized by economies of 
scale, by a decline in average production costs with an increase in output. Under such 
circumstances, marginal production costs would necessarily be less than average pro­
duction costs. 

The economic efficiency argument for subsidy is a perfectly general one. If the exis­
tence of unexploited scale economies (or some other possibilities) is proved in any line 
of economic activity, most economists will agree that a subsidy is justified in principle. 
However, the economic efficiency argument is rarely adduced by petitioners for public 
doles. Much more common are arguments purporting to show why the petitioning activity 
is more or less unique in providing economic benefits that would be lost in the absence 
of a subsidy. A number of such special arguments for transportation subsidies-argu­
ments that do not fall under the general "economic efficiency" heading-have been put 
forth. Four of the most common of these special arguments are really not sound. An 
analysis of these is followed by a presentation of the limited available information on 
the extent to which it may be possible to justify transportation subsidies on general eco­
nomic efficiency grounds. 

The four common special subsidy arguments discussed are those for (a) urban mass 
transportation subsidies that rest on the alleged superior efficiency of these modes of 
travel; (b) highway subsidies that rest on the existence of "non-user benefits," particu-
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larly benefits to the owners of land near improved highways; (c) subsidies to transpor­
tation and public utilities, which are common in the economics profession although per­
haps not outside it (Hotelling paradox); and (d) private passenger vehicle operators' 
willingness to subsidize existing or improved mass transit facilities inasmuch as a 
shift from private to public conveyances would reduce highway congestion and thereby 
benefit the remaining highway users. 

As an example of efficiency arguments for mass transportation subsidies (! p. 116), 

The automobile is already obsolete as the primary means of trans-
portation and communication within our major metropolitan areas-
based on current auto sales and the glut of city streets which in 
themselves already occupy one third of our central business dis-
tricts (such as in Los Angeles). How much more of our most valu-
able land can we sacrifice to such necessary but unproductive uses? 
A new, more efficient, less costly and less space-consuming means 
of mass transport must be brought into operation. If' we continue 
with the hopelessly inefficient system of transport, we will move 
toward the point of the "immovable glut" and to increase in private 
as well as public costs of transport. 

Or (!, p. 53), 

If' transportation modes were selected on the basis of sound 
economic decisions, then the whole problem of urban trans­
portation could be much [more?] objectively approached and 
analyzed by traffic engineers, traffic companies, and others. 

People don't behave according to sound economic decisions in 
the selection of transportation modes. There are conveniences 
and psychological values that cause many people to use auto­
mobiles when it can be simply demonstrated that such usages 
are [not?] most economical. 

These arguments seem to boil down to the contention that socially undesirable waste is 
entailed in using a high dollar cost transport system when one involving lower dollar costs 
could be substituted. Although this argument is really quite silly, the frequency with 
which it is made and the apparent discomfort of private transportation proponents on 
hearing it make it desirable to spend some time attacking it. Its silliness can perhaps 
be most easily seen by applying the same line of reasoning to a different problem. 

A recent Bureau of Labor statistics study (3) determined the amount required to pro­
vide a "modest but adequate" living for a hypothetical four-person family "according to 
standards prevailing in large cities in the United states in recent years." The food and 
beverage component of this budget ranged between $1, 514 and $1, 889 a year. If the 
most "efficient" diet is defined as that entailing the lowest dollar outlay, the Bureau of 
Labor Statistics' conception of a "modest but adequate" diet entails gross inefficiency. 
Stigler and others (4, 5) have shown that about $100 a year would suffice to provide a 
balanced diet (one containing neither too much nor too little protein, carbohydrates, 
vitamins, etc.) for a 160-lb man of average metabolism and activity. Yet even though 
they cost more, few bemoan the preference for steak, french fries, and asparagus 
instead of the primary constituents of an efficient diet-wheat flour, evaporated milk, 
spinach, cabbage, and dried navy beans. If the Spartan "efficiency" concept is deemed 
applicable to transportation, consistency would seem to demand that it also be applied 
to diets and other consumption activities. After all, why berate people for letting "con­
veniences and psychological values" interfere with "sound economic decisions in the 
selection of transportation modes" when the same condemnation is not applied to their 
dietary preferences? 

Restricting attention to land values, the "non-user benefits" argument for highway 
subsidies seems to say the following: land values have been shown to increase in the 
vicinity of improved highways, sometimes by dramatic amounts. Because benefited 
landowners need not use the improved highways involved to reap their benefits, a class 
of non-user beneficiaries clearly exists. To measure total highway benefits, it is 
therefore necessary to add benefits received by landowners to those received by highway 
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"efficiency" or "benefit-maximizing" tax should be in the case under discussion depends, 
of course, on the value motor vehicle occupants place on their travel time. If this time 
is valued at $1. 55 an hour as suggested by the American Association of State Highway 
Officials (8, p. 126), the tax for the trip ought to be about $0. 26 at a traffic level of 
700 vehicles per hour. Assuming an average gasoline consumption rate of 15 mi per 
gallon, a gasoline tax of about $0. 0775 per gallon would be required. At $5. 00 an hour, 
on the other hand, the required tax would be $0. 25 per gallon. 

Thus, putting the costs of highway congestion into proper perspective reduces the 
apparent conflict between the long-run and short-run maximization of highway benefits. 
Of course, nothing has yet been said about the relationship between "benefit-maximizing" 
or "efficient" highway-user taxes on the one hand, and the total cost of providing high­
ways on the other. Unfortunately, no general statements can be made on this subject. 
However, if a severe but plausible condition holds, it can be demonstrated that an 
"optimum" highway system would require benefit-maximizing tolls that would just suffice 
to cover total highway costs. An optimum highway system is one that would maximize 
the present value of net highway-derived benefits. Establishing such an optimum high­
way system would require two steps: (a) charging benefit-maximizing tolls that force 
each individual driver to take fully into account the costs that his trips impose on other 
drivers; and (b) increasing capital expenditures on highways to the point where, for the 
corresponding optimum traffic level, the annual congestion cost savings provided by an 
increment in capital expenditures just equals the annual capital charge on that increment. 

The condition under which a highway system that is optimum in this sense would gener­
ate tolls just sufficient to cover its capital and maintenance costs is, simply enough, 
that there be neither economies nor diseconomies of scale in highway construction, 
maintenance, and use. That is, an optimum highway system would just pay for itself 
if (a) the cost of building and maintaining one four-lane highway is the same as that of 
two two-lane highways having equivalent characteristics; and (b) the time and money 
costs incurred by each individual driver would not change if both the traffic on a highway 
and its capital and maintenance costs were increased by the same proportion. If 
economies of scale exist in highway construction, maintenance, or use, maximizing the 
net highway benefits would require highway subsidies. But these are, after all, the 
basic conditions under which an economist would agree that a subsidy would be warranted 
to any line of economic activity. 

Just as with the "efficiency" argument which was given such short shrift, the final 
special subsidy argument also relates to the benefits of mass transportation subsidies. 
As an example (~, p. 62) of the "bribery" argument for subsidy, 

To make people pay what it costs is self'-defeating for the reason 
that one of the broad social justifications of a new investment in 
rapid transit facilities is to reduce the urban traffic dilemma by 
inducing people to give up the use of private motor vehicles or to 
remain on public transportation if they a.re becoming discour~ed by 
poor service. 

This and similar "bribery" propositions say, in effect, that anything that reduces 
the number of automobile trips taken on the roads connecting here and there will re-
duce congestion on these roads, thereby benefiting the remaining auto drivers. In 
particular, the substitution of trips by subway or bus for trips by auto will be encouraged 
by improvements in existing subway or bus service or by the introduction of new ser­
vice if none is presently available. Because they benefit from the resulting reduction 
in congestion, the remaining auto travelers ought to be willing to pay part of the costs 
of improving public transportation service. That is, they ought to be willing to sub­
sidize, to bribe people to shift from auto trips to subway or bus trips. 

As with the "efficiency" argument for subsidies, it is instructive to attempt to gen­
eralize the bribery argument. The consumers of a commodity are not the only benefi­
ciaries of a reduction in its price. Those who consume substitute products also benefit. 
For example, a reduction in the price of apples will cause some people to substitute 
apples for oranges in their diets. Such substitutions benefit orange consumers because 
they serve to reduce the demand for and hence the price of oranges. 

This suggests a couple of intriguing possibilities. For example, it would be possible 
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for a representative group of orange consumers to use some of the money they presently 
spend for oranges to subsidize apple producers. This would lower apple prices and would 
induce orange consumers to shift to apples. Alternatively, they could use some of this 
money to bribe present orange consumers to shift to apples. Clearly, either alternative 
would serve to lower the price of oranges. Would it not therefore be in the interest of 
orange consumers to follow one or another of these alternatives? 

Perhaps not surprisingly, the answer is "No." To see why, it is useful to consider 
the bribery proposition in somewhat greater detail. Once more, if some orange con­
sumers bribed other orange consumers to shift to apples, the remaining orange con­
sumers would benefit. In addition, by substituting apples for oranges, the bribed con­
sumers would increase the demand for and hence the price of apples. Apple producers 
therefore ought also to be willing to contribute part of the necessary bribe. Orange pro­
ducers and apple consumers, however, would clearly oppose the substitution of apples 
for oranges. The former would suffer a reduction in the prices they received; the latter, 
an increase in the prices they pay. Both groups ought therefore to be willing to con­
tribute counterbribes to discourage the shift. 

Clearly, these two groups of potential subsidy payments tend to cancel each other 
out. Indeed, they would precisely cancel each other if the markets for oranges and 
apples are competitive. More exactly, if both orange and apple markets are in com­
petitive equilibrium, the dollar gains to orange consumers and apple producers resulting 
from a small shift from orange to apple consumption would be precisely offset by equal 
dollar losses to orange producers and apple consumers. 

At least some of the same considerations apply to the markets for auto and public 
transit trips. Although congestion would be reduced if auto drivers btibed (either di­
rectly or by contributing to an improvement in public transportation service) some of 
their number to shift to public conveyances, those who presently use public conveyances 
would likely suffer from such shifts. The public conveyances would become more 
crowded. The number and duration of stops might increase. Present users of public 
conveyances would therefore likely be willing to offer counterbribes to keep such shifts 
from taking place. The possibility exists, then, that these two sets of bribes would 
also cancel each other out. 

However, there is at least one peculiarity of the public-private transportation case 
that makes it seem intuitively plausible that the orange-apple analogy might not apply. 
Even if the conveyance on which he travels is publicly owned, the individual must him­
self supply a valuable asset-his time-if he makes a trip. Individuals do differ sub­
stantially in the values they place on their time. That the occupant of one vehicle values 
his time at $50 an hour and the occupant of another at $0.10 might well seem to open 
the way to mutually beneficial and socially desirable bribes, even if both private and 
public transportation are "competitive." 

As it turns out, however, this peculiarity is not a vital one. Just as argued in the 
case of the Hotelling paradox, if a highway, or more generally, a transportation system 
is of optimum size (that is, if it is designed to maximize long-run net benefits) and if 
there are no economies of scale in either construction or use of the system, the toll 
system that would maximize benefits would be one that required each member of each 
user class to pay exactly the costs his trips impose on others. In particular, under 
such circumstances, it would not be desirable from the viewpoint of either society or 
auto drivers to have each auto driver pay more than the cost he imposes on other 
travelers in order to encourage still more people to travel by bus or subway. 

Again, the logic supporting these contentions is not overly complicated. However, 
time does not permit developing it here. The argument, however, can be made in­
tuitively more plausible by putting it in a broader context. Individual tastes in various 
commodities-furniture, clothing, housing, and autos, for example-do differ. This 
being the case, if no cost penalty is involved, society as a whole would seem better 
off if a variety of choices was available in these product groups than if alternatives 
were few in number. The more alternatives available, the more likely it is that each 
consumer will be able to find a combination of specifications that conforms closely to 
his tastes. So, too, with transportation routes. Tastes do differ. Most importantly, 
the rates at which individuals would be willing to exchange dollars for time do vary con-
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siderably. Thus, again, if no cost penality is involved, the availability of routes possess­
ing a wide variety of toll and time combinations would clearly give each traveler a better 
chance of finding a personally optimum travel mode than if no choice was available. 
However, the fact that tastes differ does not in itself justify subsidizing either a particu­
lar product or those who buy it. 

In nothing said so far has it been proved or even contended that transportation sub­
sidies are undesirable. Rather, plausible reasons have been offered for the contention 
that, if transportation subsidies are to be proven economically desirable, essentially 
the same arguments must be used as those which would provide economic justification 
for a subsidy to any other line of economic activity. In conclusion a brief summary 
of the small amount of information available on the extent to which transportation 
activities possess these general subsidy-justifying characteristics is offered. 

Once more, economic efficiency requires setting price equal to marginal cost. If 
scale economies exist, marginal costs will be less than average costs. If marginal 
costs are less than average costs, setting prices equal to marginal costs would re­
quire operating at a loss and hence would require a subsidy. In discussing empirical 
evidence of scale economies in transportation, it is useful to distinguish between the 
long-run costs of providing transportation capacity and the short-run costs of utilizing 
that capacity. As for the long-run problem, there seems to be no information on 
whether scale economies exist in the construction of such special rights-of-way as rail­
road and subway tracks. The only study providing information on scale economies in 
highway construction appears to be an unpublished analysis by a University of London 
economist, Michael Beesley, of optimum investment timing on Great Britain's only 
superhighway, the London-Birmingham Motorway. He is reported to have concluded 
that increasing the size of the road in question by 50 percent from four to six lanes 
would have increased its capital cost by only about 35 percent. Without seeing the 
study, why this should be the case can only be speculated on. Economies of scale may 
exist in the construction of roadways, interchanges, and bridges. In addition, scale 
economies in the provision of rights-of-way quite probably exist. A 50 percent increase 
in the number of lanes would presumably increase the amount of land required for this 
purpose by almost exactly 50 percent. However, the land required for medians and 
shoulders increases little, if at all, with increases in road width. 

Economies of scale in highway use also appear to exist, although perhaps only for 
relatively small traffic flows. The "Highway Capacity Manual" (8, pp. 38, 46-47) 
indicates that the "practical capacities" of straight, level, two- and four-lane roads 
with 12-ft lanes are 450 and 1, 000 vehicles per lane per hour, respectively. Above 
four lanes, however, scale economies in highway use seem to disappear. A six-lane 
highway is also regarded as having a "practical capacity" of 1,000 vehicles per lane 
per hour and, probably due to the effects of increased weaving from lane to lane, the 
capacity of an eight-lane highway seems to be somewhat less than 1, 000 vehicles per 
lane. 

In brief, there is some evidence that economies of scale exist in the construction of 
highways or at least in the construction of limited-access highways. Economies of scale 
also appear to exist in highway use. However, these latter economies appear to end 
well below the levels at which urban traffic arteries are used. If scale economies in 
highway construction and use do exist, they presumably apply with equal force to all 
highway users-public or private; truck, bus, or auto. 

In addition, there is at least one factor that suggests economies of scale to be 
greater in public than in private transportation. Although there may be no scale econ­
omies in the costs to a transit company of providing bus or subway trips, there do 
definitely appear to be scale economies from the standpoint of the individual user. The 
time costs to users of public transportation facilities are really of two sorts: time en 
route and waiting (or walking) time at one or both ends and perhaps in the middle of the 
trip. Once a rider is aboard a bus or subway car, an increase in the number of passen­
gers very likely increases his time en route by increasing both the number and duration 
of stops. At the same time, however, an increase in the demand for trips on a route 
can also be expected to result in increased service frequency, and therefore reduced 
waiting time. For example, if service is scheduled on a route every 15 min, and if 
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an individual rider does not know the schedule, he can expect on the average to wait 7% 
min for his bus to come. If service is increased to a 10-min interval, his expected wait 
is cut to 5 min. Furthermore, as density increases still further, skip stop or express 
service may become possible, thereby actually reducing time in transit. 

Another possible subsidy-justifying attribute of economic activity is indivisibilities. 
It is common in economic theory to assume that changes can be made in very small 
steps; that the cost of producing an additional unit of a commodity differs by only a 
very small amount from the cost of producing the unit that preceded it. In the real 
world, however, this assumption is frequently inapplicable. Choices often have to be 
made on an all-or-nothing basis. Such choices definitely exist in transportation. 
Either a road is built from here to there or it is not. If a subway is to be built, it must 
necessarily have at least two tracks. 

All-or-nothing choices are of particular importance in dealing with urban mass transit 
facilities. As the "efficiency" proponents of these facilities are so fond of pointing 
out, a single subway track can carry as many passengers as 12 or 24 or 32 or some 
other such large number of highway lanes. If the choice is between no subway at all 
or a subway so large that it does not generate sufficient efficiency tolls to cover its 
capital costs, benefit maximization may dictate the latter alternative. That is, benefit 
maximization may dictate subsidy even though true economies of scale are not present. 

Having recognized this possibility, however, it is perhaps worth pointing out that 
transportation facilities are by no means as lumpy as commonly supposed. Although 
engineering standards generally call for 12-ft lanes, there is no divine law saying that 
the capacity of a highway can be expanded only by adding 24-ft increments to its width. 
Capacity also depends on the widths of lanes, and on signal, sight distance, and gradient 
characteristics. At least in planning a highway, improvements in these characteristics 
can be made in quite small steps. Similarly, once two rails have been laid, it is by no 
means essential to duplicate them completely if the capacity of a rail or subway line is 
to be increased. By improving signaling and control devices and by installing sidings, 
capacity can be increased in small increments. 

All that has been said so far has implicitly assumed that it is possible to talk about 
the demand for trips per time period without specifying the time period involved; that 
is, once a transportation network and benefit-maximizing tolls for its use are established, 
the demand for trips will be the same regardless of the hour of day or day of week being 
considered. Such is, of 'Course, anything but the case. Trips per hour on transportation 
facilities vary considerably through the day. Indeed, there is considerable reason to 
argue that the financial crisis currently besetting most urban mass transportation sys­
tems stems not so much from the loss of patrons per se but rather from the loss of off­
peak patrons. The demand for service during morning and afternoon rush hours appears 
to have declined little, if at all, on many transit systems. The reduction in demand 
has primarily entailed a shift from public to private transportation by former off-peak 
riders. 

The costs of providing peak and off-peak service differ considerably. Public trans­
it systems must acquire vehicles and the crews to man them only to have them remain 
idle for all but a few hours a day. It seems only reasonable to regard the costs of these 
idle facilities and men as costs attributable exclusively to the provision of peak load 
capacity. 

Similarly, from the long-run point of view, highway construction requirements would 
almost certainly be considerably smaller than at present if traffic was distributed evenly 
throughout the day. It might well have been possible, for example, to have constructed 
Lake Shore Drive in Chicago as a six- or even four-lane facility had it not been neces­
sary to provide for morning and afternoon rush hour traffic. It therefore seems quite 
reasonable to regard the costs of the additional two (or four) lanes as costs attributable 
to these peak load periods. 

Looked at from the short-run viewpoint, the costs an individual driver imposes on 
the remaining drivers clearly depend on how many other drivers there are. The more 
drivers, the greater these costs are. Indeed, the difference between the private and 
the social costs of a trip approaches infinity as traffic on a highway approaches the 
"capacity" level. 
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As already argued, each component of an optimum transportation system would just 
pay for itself if the system entailed no scale economies and if marginal cost prices 
were actually charged. The validity of this contention is in no way affected by the fact 
that the demand for transportation varies through the day. All this characteristic im­
plies is that an optimum pricing system for transportation services would entail tolls 
that vary with time of day. The greater the demand for the service, the greater these 
optimum tolls would be. 

This point deserves emphasis. An optimum pricing system for urban transportation 
facilities would entail prices that vary directly with the demand for the services pro­
vided by the system. Such a toll system would almost certainly serve to diminish 
peak traffic loads. In the short-run, high peak-hour tolls would likely serve to shift 
to off-peak hours many of whatever non-work trips presently take place during peak 
hours. Furthermore, high peak-hour tolls would likely provide a considerably greater 
incentive than presently exists for employers to stagger work hours. 

Once more, varying tolls on urban transportation facilities through the day would 
seem highly desirable. Various systems for doing this have been proposed. These 
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parking facilities in highly congested areas. All these proposals present substantial­
perhaps insuperable-financial, legal, or political obstacles. The possibility must 
therefore be faced that it may not prove feasible to establish marginal cost prices for 
some or all forms of metropolitan transportation. 

Economists are generally in agreement that, if it is impossible to establish marginal 
cost prices in one line of economic activity, it no longer follows that marginal cost 
prices are desirable in all other lines of economic activity. In particular, if it proves 
impossible to establish marginal cost pricing procedures for the use of highways by 
private vehicles, it may well prove desirable to provide public transportation subsidies 
even jf no scale economies are involved in these facilities. Unfortunately, the cost and 
demand data necessary to determine whether subsidies would be desirable under such 
circumstances are not presently available. 

To summarize, whether a particular activity or group is worthy of subsidy is, in 
the last analysis, a matter for politicians, not economists, to decide. Subsidies may 
be deemed desirable for humanitarian, equity, or national defense reasons. In dis­
cussing arguments for subsidy based on such considerations, about all an economist can 
do is attempt to supply some perspective on the costs involved. 

However, many advocates allege purely economic justifications for the subsidies they 
favor. Economists do not deny that subsidies can, under certain circumstances, be 
justified on purely economic grounds. However, subsidy justifications that an econ­
omist would accept on such grounds are rarely advanced by subsidy proponents. Rather, 
they typically adduce one or another special argument as to why the benefits of a sub­
sidy to their favored activity or group would exceed its costs. After discussion of four 
nf tho. 1"V'lnC!t ,-..n'l"V'lmnn c;;,.noroi".ll o,-.nnn-mif"I inQtifiro':ltinn.c: fn,.. Q11hc;:irli,:i.c: tn t-r~n~nnrt~tinn 
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activities, they were found to be without merit as special justifications. This paper has 
concluded with a brief discussion of the extent to which the general economic justifica­
tions for subsidy apply to transportation activities. The basic conclusion to be drawn 
is that there is really not enough information on the subject at present to make any firm 
statements at all. 
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The Problem of Nonuser Revenues 

RICHARD A. TYBOUT, Professor of Economics, Ohio state University 

Nonuser revenues are distinguished by two classes (a) nonve­
hicular taxes levied to collect for highway use, and (b) nonve­
hicular taxes unrelated to highway use. The first serves an 
economic function, but it is difficult to justify the existence 
of the second on economic grounds. This conclusion is based 
on an analysis of highway taxation as an aspect of highway 
planning, in relation to the optimum distribution of traffic among 
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economic growth. 
The first class of nonuser sources is analyzed for the extent 

to which it satisfies the criteria used in rejecting the second. 
Existing allocation procedure$, including especially the rela­
tive-use method and the earnings-credit solution, are discussed 
for their economic implications. It is concluded that (a) eco­
nomic efficiency could be furthered by planning highways with 
regard to the tax revenues expected to arise from them, and 
(b) a modification of the relative-use method might provide the 
basis for such planning insofar as traffic volume is concerned. 
A comparison is made with expenditures and highway use on 
existing highway systems. 

•THE PROBLEM of nonuser revenues has beset almost every mode of transportation. 
Railroads were the beneficiaries of western land grants, air transport today functions 
with the help of subsidies of various kinds, and inland waterways are notoriously main­
tained from general tax revenues. Economists condemn the waterway situation. They 
usually assail the airline subsidies, and they applaud the fact that railroads by the begin­
ning of the 1940's had more than repaid the Federal government for the value of land 
grants in the form of reduced rates on Federal traffic (!, pp. 105-109). All this is 
more than a simple penchant for operating in the black and avoiding operations in the 
red. Red ink and black ink have their significance for transportation just as they do 
for manufacturing. This is not true of many government functions, but it happens to 
be true of transportation, with only minor exceptions. 

The exceptions are found in certain non-economic functions ascribed to highways. 
Some writers have noted a political responsibility of government to provide rights-of­
way for all who wish to travel. others emphasize aesthetic considerations. (Social 
costs as well as social gains attend highway location, including noise, fumes, smog, 
and accidents involving pedestrians and non vehicular property.) To the extent that 
these matters are relevant, society-wide financing is called for. otherwise, transpor­
tation in general and highway transportation in particular is an economic process to 
be judged by economic standards. 

National defense is often cited as a traditional non-economic function and hence, it 
is argued that travel by military vehicles should be paid for from nonuser revenues. 
It is true that national defense should properly be supported by general tax revenues. 
But it is just as true that military travel is a user activity. To keep the record straight, 
revenues for defense had best be assigned to the Department of Defense and from there 
to highway agencies as user revenues. Similar observations apply to the postal service, 
fire and police services, and other government uses of the highways. 

Paper sponsored by Committee on Equitable Allocation of Highway Costs. 
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The orientation of the present paper is economic. That is, the nonuser revenue 
problem is analyzed for the effects of highway finance on the efficiency of the economy 
in providing greater consumer satisfactions and increased productivity. In taking an 
economic orientation, the present paper is in the tradition of most highway studies dealing 
with the user-nonuser problem. So far, it appears that economic considerations are 
the only ones implicit in such frequently used methods of user-nonuser allocations as 
the relative-use method and the earnings-credit method. Economic criteria appear to 
be the only goals lying behind the interest in economic impact of highways. Thus, the 
present paper deals with the same objectives as most highway finance studies, but the 
conclusions are different. 

ECONOMIC FUNCTION OF TRANSPORTATION 

The history of economic growth testifies to the importance of improved transportation. 
At the earliest stages, in which today's underdeveloped countries find themselves, 
there is little transportation. Each community is a relatively independent economic 
unit. As long as pack-horse transportation sets the cost of moving goods, there are 
very few goods sufficiently valuable to be carried overland. A second stage in eco­
nomic progress occurs with the growth of improved, and hence low-cost, transportation. 
More goods can stand the cost of shipment, markets are broadened, and more produc­
tion can take place at the same location. Specialization, and later mass production, is 
made possible by trade which, in turn, is made possible by transportation. 

As long as the costs of transportation are covered in the final sale price of goods 
transported, a test of the social desirability of transportation is readily available. 
The test consists in asking simply whether any given commodity can be obtained more 
cheaply by manufacture at home or by shipment in from elsewhere, provided that the 
cost of shipment is included as a cost to the buyer of the commodity. The cost of 
transportation is a cost of production in the truest economic sense. Transportation 
consumes material resources, labor, capital, etc., just as manufacturing does. Un­
less the cost of transportation plus manufacture elsewhere is less than the cost of home 
manufacture by itself, the inputs required for transportation are better used for some 
other purposes. Reorganizations in the location and method of production occur as a 
result of improved transportation. But only when there is full cost coverage of trans­
portation expenses by users is there a way of being sure that such reorganizations 
result in overall productivity gains. 

When the same logic is applied to highway transportation, if the users of the highways 
do not want to pay for the highways, this means that the highways are not worth the 
money they cost. If consumers are not willing to pay a price that covers all transport 
charges, including the cost of the highway itself, this is evidence that they prefer to 
get substitute products locally or to make other uses of their money. In this case, 
what is to be gained by hauling the goods to them out of general tax revenue? Similar 
observations can be made on the subject of passenger travel. 

The trouble is that these ancient tenets of economics are sometimes obscured by 
the effects of highways on land values. The condition of a highway can mean economic 
life or death to a roadside establishment or it can determine the location of a suburban 
real estate development. Numerous studies of economic impact furnish all the evidence 
needed on these facts and then some. But they do not usually recall another proposition 
from classical economics-location is the one fixed attribute of land that can be neither 
created nor destroyed. As a result, land is the recipient of an unearned surplus called 
economic rent. Pure rent is unearned in the sense that nothing need be done to get it. 
The farmer who finds that his property will be better served by a highway improvement 
is in the same position as the farmer who finds that his property contains oil. Neither 
needs to turn a hand to realize his bonanza. (A different way of looking at the change 
in land values of property attached to land is to recognize them as capitalized gains or 
losses in commercial opportunities resulting from the change in transport benefits or 
costs and the servicing of transport at the location in question.) 

This irritates everyone and the immediate thought is to tax the unearned increment. 
God put the oil there, but men built the highways. So, when it comes to highway finance, 
it is sometimes thought obvious who should get the tax revenue. 
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The real point is not so much whether the increased property values from highway 
improvement are taxed; even the unearned increment may be taxed. The point is that 
such taxes should not be used for the support of highways. If any revenues other than 
those from highway users are diverted to highways, more will be being spent for high­
way transportation than the transportation function itself warrants, as judged by those 
who use it and indirectly by society in its paying for products transported. 

The distinction between highway user revenue and general tax revenue is founded on 
a distinction between transportation and traditional government functions. The latter 
are characterized by collective consumption, whereas transportation is a case of in­
dividual consumption. Thus, public health and justice are received by all members of 
the community even though these government services may be rendered only to a few. 
The few cannot appropriate to themselves alone the government services rendered to 
them. Like the enjoyment of public gardens, public goods may be received by many with­
out being diminished by those who first receive them. The distinction between public 
and private goods is made rigorously by Samuelson (2, 3). 

In contrast, a highway (or a set of railroad tracks, provides a fixed, divisible, and 
separately received unit of output, the trip opportunity. A trip made by one vehicle is 
of no advantage to another vehicle, except, of course, by market happenstance when an 
economic relationship exists between the products transported. In this last case, in­
direct effects become direct effects through the market mechanism if highway costs are 
covered by users. The main point is the absence of extramarket relationships among 
highway users and other members of society. Economic benefits of transportation are 
individually received by users and can be taxed accordingly. 

The result of this situation is that highway planning is economically the same as 
private investment planning. Both are dealing with the establishment of a plant, the 
product of which can be sold on a quid pro basis; i.e., according to units consumed. 
Both depend on the receipt of revenues equal at least to total costs over the expected 
lifetime of the plant. As a by-product of the conclusion favoring sole reliance on user 
finance, a criterion for highway planning is discovered-a traffic volume should be 
planned for that will yield enough user revenue to cover the cost of the plant over its 
lifetime, plus all other costs of operation and maintenance. 

There is the additional question of effects on other roads, consisting largely of 
diversion of traffic, but also perhaps congestion on feeder routes. The question is 
whether expected traffic effects elsewhere in the highway network should enter as bene­
fits and costs in the planning of a highway improvement. Two kinds of considerations 
are illustrated for traffic diversion. 

First, each highway could be treated as a separate economic unit in competition with 
all other highways. If traffic (and hence "tax earnings") are reduced on alternate routes, 
this might reflect increased quality of service and hence obsolescence of the older 
routes. In such a case, the useful lives of highways in general should be calculated 
with ft view to recovering costs before they beco!!!e obsolete (which is pref'lnm::ihly ::i 
shorter period of time than their physical life expectancy). If there is no difference 
in quality, the use of the same (user) standards in planning the new highway as were 
used for the design of the old, would lead to the introduction of the new highway only 
when traffic density reached too high a level on the old. 

Second, the highway network would be treated as a whole. This approach would be 
justified on the ground that highway planning should be designed to make use of highways 
over their entire physical lifetime. If so, the loss of "tax earnings" on the reduced­
traffic highways would be charged as a cost against the proposed new highway. 

Whatever the choice between these two alternatives when dealing with highways, it 
is clear that long-run productivity becomes a sufficiently important consideration to 
favor the first alternative when considering the effects of a proposed highway on other 
modes of transport. 

In analyzing prospective future traffic volume, it is appropriate to consider the value 
of elapsed time to travelers, safety, and vehicle wear-and-tear. The effects on local 
industrial development and tourist traffic are both relevant considerations. But the 
reason for considering these is to determine user demand; i.e., the relationship be­
tween user charges and traffic volume. User demand then gives a basic (subject, of 
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course, to the errors of forecasting) for calculating expected future revenues against 
which costs of the highway plant are to be compared. 

In principle, this is not the same thing as making recommendations about the tax 
structure on already existing highways. The difference comes from the fact that a high­
way, like a private manufacturing plant, is a fixed investment expected to last for a long 
time. Economic rationality requires that planning for each must be based on expected 
revenues from each. But after investments have actually been made, the only strictly 
relevant cost considerations are for operation and maintenance. 

Notwithstanding the difference in long- and short-term economic considerations, high­
way planning and finance might establish the tax structure for highways after they are 
constructed if bond financing and trust funding requires the establishment of a retire­
ment schedule that dictates tax policy. Moreover, for administrative reasons, tax 
policies are not likely to be changed frequently. Finally, as a result of equity consid­
erations, it is customary to tax vehicles in accordance with highway plant costs for 
which they are responsible. This appears to be the rationale behind the incremental 
cost approach and is equally relevant for other methods of plant costing. 

USERS AND NONUSERS 

The concept of highway user must be broad enough to include special uses for access, 
parking, and other purposes. Many analysts refer to access traffic as nonuser traffic 
because nonvehicular taxes are employed in financing it. This is an unfortunate cus­
tom. Previous discussion suggests the importance of maintaining the distinction be­
tween those who occupy highways and those who do not. The term "user" is employed 
to refer to highway occupants and "nonuser" to refer to nonoccupants. The question 
of what taxes users pay is another matter. 

The next step in working toward a tax structure is to define a unit of highway use. 
The trip opportunity was used in previous discussion to indicate the separable output of 
a given highway. It is also a measure of highway capacity. The greater the capacity, 
the larger the number of trips that can be made on a highway between any two points by 
the same class of vehicle, say automobiles, under defined operating conditions. The 
operating conditions can be defined in as complicated a way as desired, to include, for 
example, a distribution of speeds around some norm rather than a single uniform 
operating speed. An example of the use of the trip-opportunity concept can be found in 
Beckmann, McGuire, and Winston (4). The orientation in Beckmann et al. is for opti­
mization in the use of existing highway plant, in contrast to the emphasis of the present 
paper on highway planning. 

When different classes of vehicles simultaneously travel over the same highway, the 
larger vehicles with lower horsepower-to-gross weight ratios will, of course, reduce 
trip opportunities of others more than in proportion to their numbers. This effect can 
be represented by the concept of effective space occupance. The number of automobile 
trips eliminated by a trip of one four-axle semitrailer might be five, for example, on 
a given highway. Obvious adjustments of effective space occupance would be required 
for different highways, operating conditions, and vehicle classes. 

The main reason for bringing space occupance in at this point is to deal with local 
traffic. In the problem of access, residential access is encountered on all rural and 
urban roads except for limited-access freeways. It is well known that a vehicle gaining 
access or egress is consuming trip opportunities that might be used by other vehicles. 
A certain amount of space occupance can therefore be assigned to the access function. 

In the most extreme case of rural secondary roads, the space occupance of local 
residents is considerable. Farmers affect traffic flows with their livestock crossings, 
tractors on the roads and slow-speed hauling with wagons. A space-occupance measure 
must allocate a high proportional consumption of trip opportunities to such uses. 

Similar observations apply in urban business districts. Traffic-flow effects from 
adjacent property bear on elapsed time, safety, and driver strain. Local business 
parking, frequent cross-streets, and traffic controls due to schools and local pedes­
trians shift a larger user burden to the shoulders of local groups. 

It would seem worth the trouble to develop space-occupance factors for access and 
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other local highway uses even if all through traffic were lumped in the same space­
occupance category. There are important space-occupance differences between vehicle 
classes, as already noted. Whether these are taken into account depends on how fine 
a study is conducted and whether the vehicular tax structure is being judged. 

Space occupance is a unit pertaining to geometric capacity of the highway and as 
such might be employed in distinguishing geometric costs among vehicular classes. 
This, however, is not the point of the present discussion. Nor is there any intention 
to claim space occupance as the only unit of use. When pavement thickness is involved, 
the axle load is presumably a better unit of use. The present discussion is limited to 
geometric use. Primary interest here is in the relation of vehicular to nonvehicular 
taxes. 

CAPACITY BY HIGHWAY LEVEL 

The most" important part of the difference usually assigned to vehicular and nonve­
hicular taxes arises from differences in highway cost per vehicle-mile. Vehicle mile­
age is sometimes distinguished by vehicle classes, but not for the purpose of making 
vehicular-nonvehicular tax responsibility calculations in the relatiy"e-use or earni.i1gs­
credit methods. The effect, therefore, is analogous to that where space-occupance 
factors are not distinguished by vehicle classes in making space-occupance calculations. 

The difference in vehicle-mile costs with level of highway design is given in Table 
1 for all roads and street systems in the United States according to Bureau of Public 
Roads calculations. The costs are total costs including maintenance, administration, 
and capital costs. Capital costs are in 1956 prices without consideration of interest 
accruals. Maintenance and administration costs and vehicle-miles of travel are esti­
mated for 1975. By this last date, the Interstate program is expected to be completed 
and travel on the various highway systems adjusted to it. For the same reason, this 
table gives intrinsic differences in travel cost between systems and hence levels of 
design. 

The inverse relationship between cost per mile and cost per vehicle-mile is readily 
apparent on the rural systems. The continuity is broken only by the "other State" classi­
fication among the rural systems. There is no break in the continuity among the urban 
systems. Indeed, the urban systems show a remarkable similarity of costs per ve­
hicle-mile except for the last class (other local highways). 

An equality of highway costs per vehicle-mile on all systems would mean (with some 
approximation) that vehicular taxes could be relied on to finance all highways because 
revenues from vehicular taxes vary roughly in proportion to vehicle-miles. This is 
administratively convenient, but it does not take account of space-occupance costs of 
local users. The latter complicate the problem by requiring a nonvehicular tax in 
whatever degree there are such local space-occupance effects. 

Returning to the rural systems, there appear to be two principal explanations for 
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may be that lower level systems are used to capacity when account is taken of the high 
space occupance of farm uses, or (b) it may be that lower level highways are over­
designed as compared with the uses that are made of them. Undoubtedly, minimum 
safe operating conditions and performance standards would have something to do with 
capacity design and hence any final judgment on the second point .would have to take these 
considerations into account. 

Table 2 gives the same data as Table 1 (plus miles of system) for the four sub­
classes of highways in the Bureau's last rural group (other roads and streets). The 
inverse relation between level of highway and cost of travel also characterizes this 
group, except at the lowest level, unsurfaced roads. If overdesign is the problem on 
low traffic density roads, the example provided by the unsurfaced type may be highly 
relevant. 

TAX STRUCTURE 

A tax structure that taxes users on different highway systems differently must identify 
the users and associate a tax with them. This is a tall order, though some suggestions 
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TABLE 1 

ANNUAL HIGHWAY COST OF HIGHWAY TRAVEL CONTINENTAL 
UNITED STATES, 19751 

' 

Highway 
System 

Interstate 
other Federal-

aid primary 
Federal-aid 

secondary: 
State 
Local 

other State 
other local 

1 Table III G-1 

Rural Cost 

Level of Design 
($ per mi) 

19, 165 

9,634 

4,444 
2,401 
5,464 
1,134 

(2). 

Cost of Travel 
($ per veh-mi) 

0.00415 

0.00756 

0.01254 
0.01620 
0 . 01871 
0.02567 

TABLE 2 

Urban Cost 

Level of Design 
($ per mi) 

73,798 

32,633 

16, 147 
9,568 

16, 031 
5,614 

Cost of Travel 
($ per veh-mi) 

0.00370 

0.00497 

0.00499 
0.00505 
0 . 00499 
0.00997 

ANNUAL COST OF HIGHWAY TRAVEL ON OTHER LOCAL ROADS AND 
STREETS, RURAL, CONTINENTAL UNITED STATES, 19751 

Highway Class Thousands of Level of Design Cost of Travel 
Miles in System ($ per mi) ($ per veh-mi) 

High 149 4,941 0.01380 
Intermediate 348 1,837 o. 03118 
Low 1,261 877 0.05000 
Unsurfaced 522 203 0.02200 

Total 2,280 1,134 0 . 02567 

1 Table III G-1 (2). 

have already been made to deal with it. In particular, space-occupance factors might 
be developed for access and egress traffic and for various other urban and rural inter­
ferences. Property taxes can probably be used to cover associated revenue responsibil­
ity, though it is important to note that such taxes would be for highway space occupance 
and should be separated from general tax revenues. 

Another, and very important part of the problem consists in identifying travel itself 
with appropriate tax source. A variety of methods are used for doing this (5). Almost 
all the methods rely on a philosophic foundation made most explicit in the relative-use 
method. Approximations of various kinds are employed in other methods, but a satis­
factory comparison of the ideas in this paper with their counterparts in current prac­
tice can be made by dealing only with the relative-use method. 

The best way to present the issues is to summarize the basic principles of the rela­
tive-use method. The classic work on this method is by St. Clair (6). These are al-
ready familiar to many. -

The relative-use method divides each individual trip into three components: access, 
neighborhood, and through (Fig. 1). The access component is generally defined as that 
part of a trip from origin to the nearest street intersection and from the nearest street 
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- -------------- Total Trip --------------­

- Access-t Neighborhood I Through --- -
1 
... Neighborhood -t Access .. 

Origin Destination 

Figure 1. Relative-use travel allocation concepts. 

intersection to destination. Thus, there is an access ,component at both ends of a trip. 
The average access component will be one-half block long in municipal areas and longer 
in rural areas. 

The neighborhood component is more difficult to define. It is generally defined as 
an average radius that must be traveled to reach a collection of facilities, including 
schools, churches, and local businesses considered to constitute a neighborhood, but 
subtracting out the access components at both ends of this radius. Again, the length 
of trip considered as the neighborhood component will vary with the density of population. 
There is a neighborhood component at both ends of all trips long enough to include them. 
Numerical values for the length of the neighborhood component are given elsewhere 
(5, p. 115). 
- Finally, the through component is defined as all the rest of the trip exclusive of ac­

cess and neighborhood travel. It is possible for short trips to include no through com­
ponent. 

From origin-and-destination studies, it is possible to get total vehicle-miles in each 
category on each mile of road, each highw~y, and each highway system. (The practical 
problems of doing this are considerable, but for present purposes, it is best to pass 
over these problems and concentrate on general principles.) 

Tax responsibility is then assigned according to relative proportions of access, 
neighborhood, and through vehicle-miles on each highway system. Various taxes, 
discussed later, are selected to represent payments by the access, neighborhood, and 
through travel components. 

The effect of the foregoing procedure is to deal with differences in the level of cost 
per vehicle-mile on each system by changing the proportion of the cost of each system 
covered by the different tax groups. If the taxes selected actually represent responsi­
bility for use, the result will be to charge users for what they get. No one will object 
to high costs per vehicle-mile if these costs are paid by persons who consume the ve­
hicle-miles. But if the proportions do not represent use, the effect of the system is 
to finance one man's travel at another man's expense. 

The use of absolute rather than relative measures of highway use would reduce the 
danger of paying for one highway system at the expense of another. Planning could 
take account of separately measured demand for each highway use. 

EVALUATION AND APPLICATION 

The discussion that follows applies the principles developed earlier in the present 
paper to an evaluation of the relative-use method and to the design of a tax structure 
that corresponds to highway usage. Similarities and differences with the relative-use 
method are not to be stressed for their own sake. The purpose is mainly to show how 
the broad user concept developed herein takes care of what is often referred to as "the 
nonuser revenue problem," or its legitimate parts. 

The access component of travel is traditionally associated with special local assess­
ments of abutting property owners and therefore is usually considered to be the re­
sponsibility of the local units of government levying these assessments. This is the 
same identification of tax with user as previously made in the present paper, but there 
are certain difficulties with charging access users according to relative vehicle 
mileage. Access travelers have, in fact, already paid vehicle taxes for their vehicle­
miles of travel. They did this in paying the same vehicular taxes that through travelers 
paid. The only extra charge to which they are economically subject as users is the 
previously-mentioned space occupance arising from the act of access itself. There is 
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no reason to think that vehicle-miles of access measure this aspect of use. 
It is true, as noted in Table 1, that costs of highway per vehicle-mile are higher on 

local roads than on primary highways. But this fact would suggest that all travelers 
on local roads pay more for a vehicle-mile of travel on them-through travelers as 
well as access travelers. A way of making vehicular taxes higher on secondary systems 
than on primary systems has yet to be found. 

Similar observations apply to the proportion of vehicle-miles in neighborhood travel. 
The issue is not whether local travel can be identified with a local tax source. Perhaps 
it can, though the definitions applicable for neighborhood travel are more arbitrary 
than for access travel. The question is what measure of use is attached to the neighbor­
hood component. A vehicle-mile of travel is a vehicle-mile of travel, and there is no 
obvious reason why neighborhood vehicle-miles should be charged more than through 
vehicle-miles. What is actually sought is the special costs that arise from the cluster 
of establishments that account for local businesses, social organizations, etc. If this 
is the case, the space-occupance concept would seem to give a direct approach to the 
problem. 

In the neighborhood case, it is probably more difficult than in any other to pinpoint 
a tax that should be used for all of the direct services of streets. Further study might 
well lead to the conclusion that, as a practical matter, general tax revenues must be 
employed, not because of any indirect benefits of the community, but because many 
aspects of community life other than travel itself constitute road and street use. Any 
revenues for neighborhood highway use should be separated from other general revenues 
in a highway fund so as to maintain the distinctions explained earlier. 

When, as, and if full calculations are made of the revenues arising from trips and 
from space occupance of all kinds that interfere with trips, there is still the real 
possibility that the revenues will not cover the costs on secondary roads and streets. 
It would be remarkable if they did, in view of the figures in Table 1. Public policy 
would then face the two alternatives: (a) to tax all users on lower level highway systems 
at a higher rate than they are now paying, or (b) to reduce the design level of sparsely 
used systems. 

The first alternative would be particularly difficult because of the problems of 
identifying all users of secondary roads and separating them for taxation. It could be 
argued that a very rough approximation might be realized by simply determining ve­
hicular-nonvehicular proportions in accordance with space-occupance principles and 
making no other changes in existing patterns of finance. This approach might be 
rationalized with the thesis that most vehicle operators account for mileage on each 
system in about the same proportions as the average distribution of vehicle-mileage. 
If so and if all user revenues were put in the same kitty, the same users would be 
financing their use of the secondary highways from their operations on the primary. 
This thesis probably does not come close at all to describing the situation. More im­
portant from an economic standpoint, highway users should be made aware of the costs 
per vehicle-mile on the lower level systems for what this might imply about reorganiza­
tion of their own activities. 

If a direct approach to the question of who uses the lower level systems were made, 
using origin-and-destination data or otherwise, it is conceivable that relationships 
predictable in the statistical sense might be discovered between trip length and vehicle 
mileage by highway system. To whatever extent valid relationships are found, some 
thought might be given to taxing commercial vehicles according to probable mileage 
on each system, or for those who want to keep records, according to actual mileage 
by system. Higher rates on low-level systems combined with the usually poorer 
capacity conditions would work to further reduce the problem of heavy vehicles on such 
systems. For private passenger cars, statistical classifications of trip length might 
have sufficient significance by occupational and income groups of their owners to justify 
graduated registration fees. These are primarily research suggestions at the present 
time, designed for the case where the marked difference in cost per vehicle-mile is 
expected to continue between highway systems. 

Adjustment of the highway plant itself would, of course, reduce the need for adjust­
ment of revenues. Downward adjustment of capacity and design on low traffic density 
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highways would be the easiest method of dealing with intersystem differences in cost 
per vehicle-mile, provided that due recognition can be given to space occupance and 
safety. The relatively favorable cost per vehicle-mile of unsurfaced roads was given 
in Table 2. It is true, of course, that unsurfaced roads cause more wear and tear on 
vehicles. But it is also true that the vehicle costs are incurred by the users of the low 
density roads. This is the very result sought in the design of an intersystem tax 
structure. 

A final caution is that capacity limits on lower level highways might be reached be­
fore traffic density is brought into adjustment with user revenues. Vehicular earnings 
are roughly proportional to vehicle-miles, but geometric use (whether vehicular or 
otherwise) is by space occupance. There is no guarantee that reducing the level of 
secondary road design can be made to solve the whole problem. 

SUMMARY 

The discussion extended from a consideration of user-nonuser distinctions to the 
design of a tax structure dealing with what is commonly considered the nonuser reve­
nue problem. The major conclusion was that only user taxes can be justified on econ­
omic grounds; however, the word "user" is defined broadly to include all those who 
directly affect the number of trips on a highway, not only the travelers themselves. 

The result of this approach was to establish a basis for taxing nonvehicular sources, 
but according to their effects on trip opportunities of vehicles, as measured by space 
occupance. A comparison of the qualitative differences of the space-occupance approach 
and the relative-use method showed that the heart of the nonuser revenue problem lies 
in the definition of the units by which nonvehicular responsibility is measured. Some 
research suggestions were made for resolving interhighway cost differences without 
throwing more of the burden on nonvehicular tax sources than would be indicated by a 
space-occupance analysis. Deeper study will doubtless reveal other means of imple­
menting a space-occupance approach. 
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AASHO Road Test Findings Applied to 
State 1-Iighway Cost Allocation Studies 
JAMES M. SMITH and REED H. WINSLOW, respectively, Associate and Highway En-

gineer, Wilbur Smith and Associates, Columbia, South Carolina 

Results of the pavement experiments on the AASHO. Road Test have 
been applied in allocating cost responsibility to motor vehicle users 
in comprehensive studies of highway finance in Kansas and South 
Dakota. The Road Test formulas were used in apportioning pave­
ment costs among vehicle classes in the incremental solution of the 
allocation problem. The incremental solution, with other allocation 
solutions and tax data, guided the formulation of recommendations 
on user taxation. 

The Road Test equations were used as a model for predicting per­
formance under traffic of typical pavement structure designs. These 
designs reflected local conditions and costs in several areas of each 
State. Pavement costs reported in highway needs studies were then 
allocated to users in proportion to their influence on pavement per­
formance. The pavement allocation was a relatively small part of 
the total user responsibility, but for the heavier trucks it was a very 
significant part. 

The incremental solution tended to assign greater responsibility to 
light vehides and less to heavy trucks compared with the cost-func­
tion solution or the average of the vehicle-mile and ton-mile solu­
tions. In formulating recommendations, the incremental solution 
was particularly useful because it reflected the influence of vehicle 
type and axle configuration. The Road Test equations assign less 
responsibility to tandem axle units than to single axles of similar 
weight. 

•THE AASHO Road Test has commanded the attention of the highway fraternity for sev­
eral years. The areas of study and experiment touched on many technical aspects of 
highway management. One aspect, which has been foremost in the minds of planners 
and administrators, is the influence of the pavement experiments on vehicle size and 
weight and on allocation of cost responsibility among classes and weights of vehicles. 
The AASHO Highway Transport Committee (1) in its "Statement of Fundamental Prin­
ciples, Project Elements, and Specific Directions," emphasized the importance of the 
Road Test in developing bases for taxation and guidance on economics of vehicle size 
and weight. 

During 1962, comprehensive studies of highway finance on all road systems-State, 
county, and municipal-were made in Kansas and South Dakota. These were undertaken 
in conjunction with highway needs studies and included the allocation of responsibility 
for costs in the estimates of 20-year needs. Agreements for the conduct of the studies 
specified that an incremental analysis would be made using the results of the AASHO 
Road Test, as they apply to local conditions. Results of these studies have been pub­
lished in reports presented to the South Dakota Highway Commission (2) and the Legis-
lative Council and the State Highway Commission of Kansas (3). -

The problem of highway cost allocation, or distribution oCresponsibility, divides 
naturally into two phases. The first phase is the assignment of gross responsibility 
between the general public, commonly referred to as the nonuser, and the motor ve­
hicle users. In reality, these two categories are not exclusive but, from the taxation 
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viewpoint, they constitute sources of revenue which require distinct tax structures. The 
"earnings-credit" method was used to allocate total highway program costs into shares 
to be borne by the general public and the motor vehicle users. By this method, approx­
imately 70 percent of the total program was assigned to the motor vehicles (user·re­
sponsibility amounts to 73. 21 in Kansas and 69. 0% in South Dakota) a result which is 
generally consistent with solutions based on 20-year needs in other States-for Mis­
sissippi, 68 percent user responsibility (4); for Missouri, 60 percent (5); for Ohio, 69 
percent(~. - -

USER COST ALLOCATION 

The portion of program responsibility assigned to the highway user must be further 
allocated to vehicle-type and weight classes so that a comparison can be made between 
the tax structure and responsibility. Four solutions of the cost allocation were made 
in each study to provide maximum guidance for recommendations on user taxation, 
realizing that all such solutions must be tempered by peculiar local conditions, prec­
edents, and other factors. These four allocations were the incremental, the cost func­
tion, the vehicle-mile ; and the ton-mile methods. Because cf its sound, logical basis, 
the incremental analysis was assumed to provide one of the most valid solutions. At 
the same time, it was recognized that certain arbitrary decisions were necessary in all 
methods and that more experience was available on the other methods because they have 
had wider applications. 

In the two studies, procedures and decisions were kept uniform. Needs data were 
reported on the same format in each State; the similarity of terrain and construction 
practices further aided uniformity (7, 8). Adequate traffic data were available but 
differences in form, arising in partfrom the different registration fee bases, made ·it 
necessary to devise separate traffic analysis procedures for each State. These dif­
ferences in traffic data are carried over to the presentation of results related to gross 
vehicle weights since Kansas reported maximum gross weight for each registration fee 
group and South Dakota reported the owners statement of gross vehicle weight and re­
lated it to chassis weight. 

Throughout the study, guidance was derived from procedures used in the Federal 
Highway Cost Allocation Study (9, 10, 11). Several conferences were held with per­
sonnel of the U. S. Bureau of Public Roads and every effort was made to keep the State 
study procedures consistent with those used by the Bureau. 

Cost-Function, Vehicle-Mile, and Ton-Mile Solutions 

The cost-function solution distributes costs in categories according to several 
measures of use. All items of cost are considered and a decision is made as to the 
measure of use that would be most likely to influence the magnitude of the cost item. 
In these studies, the selected measures of use were numbers of vehicles, axle-miles 
oi iravel, and ton-miles oi travei. Each distinct item oi cost was assigned to one of 
these functions or proportioned between two of them. 

The vehicle-mile and ton-mile solutions allocate all cost according to the respective 
measures of highway use. Neither is generally regarded as an adequate solution of the 
user cost allocation problem, but both do establish limits of total responsibility for 
each class. An allocation based on a compromise or proportioning between the two 
provides a useful reference point when evaluating other solutions. In these studies, 
equal weight was given to each of these methods and the results were presented as a 
single compromise solution. 

Incremental Solution 

The underlying concept of the incremental method of cost allocation is that each ve­
hicle should participate in all increments of costs incurred in building a road adequate 
for that vehicle. Increments of costs made necessary by larger or heavier vehicles 
should be borne by these vehicles only. All vehicles participate in the first increment 
of costs, but the lighter vehicles are not required to contribute to the successively 
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higher increments. In theory, this assigns responsibility according to the costs of 
providing highway facilities which each vehicle has occasioned. In practice, much de­
pends on the judgment of the analyst in selecting methods of incrementing costs, of 
allocating costs within increments, and in assigning gross costs to the several cate­
gories which are analyzed by the various methods. For example, in the treatment of 
pavements, a critical decision is necessary on what minimum thickness of surface will 
be incremented. In comprehensive State studies there may be many miles of secondary 
roads with surfacing at or near this cutoff. Similarly, decisions are necessary on 
which types of work changed structural characteristics and which merely rehabilitated 
them. 

Four categories of costs were established for distribution in the incremental anal­
ysis: pavement, structures, grading and drainage, and miscellaneous. Each category 
was treated differently in the analysis so that a total assignment of costs by four methods 
was necessary. 

The cost category for which the AASHO Road Test pavement experiment results were 
used included all costs for base and surface on reconstruction or new construction where 
the surface type was classed as high or intermediate in the needs study. These classes 
include all rigid pavements as well as all flexible surfaces greater than one inch in 
thickness on a prepared base. Design engineers in each State prepared typical designs 
for these surface types. Typical designs and associated cost estimates were prepared 
for each system classification and highway district so that the analysis would reflect 
the influence of soil conditions, material availability, and traffic composition. 

Results of the Road Test indicate clearly that, although rigid and flexible pavement 
performance could be described by the same general formulas, different parameters 
were necessary to describe the behavior under traffic. It was, therefore, necessary 
to analyze both types of pavement separately and sum the responsibility by vehicle types. 
Needs data indicated the class of pavement, either high or intermediate, and State con­
struction practice provided the basis for proportioning needed mileage at each class to 
rigid and flexible types. Traffic data, including traffic counts, loadometer surveys, 
vehicle registration records, and truck-use questionnaires, were obtained and proc­
essed to determine the frequency of application of axle loads in six increments of weight 
as related to vehicle type and weight. Frequency distributions were developed for each 
basic pavement design and for each highway district and road system. 

Analysis of the pavement designs, using Road Test equations, established the propor­
tion of the pavement structure that should be attributed to each of the increments of axle 
weight. The proportion of effective pavement structure in each increment was assumed 
to be directly proportional to construction costs and was distributed to each vehicle type 
according to the frequency of occurrence of that weight. Responsibility of each vehicle 
type was then summed and the total cost responsibility for each vehicle of a given type 
was redistributed according to frequency of occurrence of axle loads in the gross weight 
groups of the vehicle type. 

The second group of costs consisted of those associated with construction of new 
bridges either on the same or on new locations, less the general public's share of these 
costs. All structure costs were incremented in proportion to the cost of providing 
bridges carrying H5, HlO, H15, H20, and H20-S16 design loadings, conforming to 
AASHO bridge specifications. Several typical spans and structural types were investi­
gated and weighted average costs were developed. Loadometer data were used to de­
velop frequency of occurrence of gross operating weights for each vehicle type. Table 
1 gives the assignment of vehicle-operating weights to increments. Allocation of costs 
within the increments was made in proportion to vehicle-miles of travel. The AASHO 
Road Test bridge experiments were not a factor in the incremental analysis of struc­
ture costs. 

The third group of costs included grading and drainage costs on widening, recon­
struction, and new construction projects, again excluding the general public's share. 
The basis for incrementing these costs was the assumed effect of vehicle size on pave­
ment and shoulder width. Only vehicles having observed operating weights of more 
than 10,000 lb shared grading and drainage costs associated with provision of the out­
side % ft of surface and 2 ft of shoulder. Analysis of typical design cross-sections 
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Increment 

First 
Second 
Third 
Fourth 
Fifth 

TABLE 1 

INCREMENTS OF STRUCTURE COSTS 

AASHO 
Design Loading 

H5 
H10 
H15 
H20 
H20-Sl6 

Vehicle-Operating Weight (lb) 

Single Unit 

0 - 10,000 
10,000 - 20,000 
20, 000 - 30, 000 
30,000 - 40,000 
Over 40,000 

Combination 

0 - 27,000 
27,000 - 40, ooc, 
40,000 - 54,000 
Over 54,000 

showed that approximately 9 percent of the total grading and drainage quantities were 
required because of this added width. Therefore , a percentage of these costs was 
allocated to vehicles having observed operating weights over 10, 000 lb. The remaining 
91 percent of the costs were distributed to all vehicles in proportion to travel. 

All other costs making up the total motor vehicle user responsibility fall into the 
fourth category which does not lend itself to incremental treatment. These costs in­
clude such items as right-of-way, gravel and light bituminous surfaces, resurfacing, 
structure reconditioning, maintenance, and administration of highway and motor ve­
hicle regulatory activities. These costs were distributed to all vehicles in proportion 
to vehicle-miles of travel. 

USE OF ROAD TEST EQUATIONS 

The equations derived from the pavement experiments of the AASHO Road Test (12) 
describe the relationship between the number of applications of uniform axle loads and 
pavement performance of change in serviceability. The model of pavement performance 
which was selected as most appropriate for expressing results of the experiment is the 
general form: 

p = co - (co - c1)(W / p)/3 

in which 

p = serviceability trend value; 
co = initial serviceability index; 
c1 = serviceability index at which a test section was considered out of test; 
W = accumulated axle load applications at time p is observed; and 
p and {J = functions of design and load. 

By defining a function of serviceability, 

G = log (co - p) - log (co - cJ 

the basic model is expressed as 

GI fJ = log W - log p 

(1) 

(2) 

(3) 

In applying these equations, it was necessary to convert to mixed traffic havin_g a 
wide range of axle loads and axle configurations. Also, the concept of serviceability 
had to be related to levels of tolerability on public highways. On the Road Test, pave­
ment sections remained in the test until they reached a serviceability trend value of 
1. 5, measured on a scale of 5. 0 points. Initial serviceability, the level before traffic 
started, averaged 4. 5 for rigid pavements and 4. 2 for flexible pavements (12). For 
the Kansas and South Dakota studies, it was decided that 2. 0 points better described 
the minimum conditions that could be considered tolerable. It was assumed that aver­
age initial serviceability would be the same as that measured on the Road Test. Be­
cause this assumption may not be entirely tenable, it might be better to say that during 
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their useful life, a decline in serviceability of 2. 2 to 2. 5 points was assumed. 
Procedures developed by the U. S. Bureau of Public Roads were used in solving the 

equations for mixed traffic conditions (13). Though this method uses the "equivalent 
applications approach" to mixed traffic-;- which has some acknowledged theoretical de­
ficiency (14), it is felt that the quality of the solution is consistent with the precision 
of the data on traffic and the generalized nature of the typical designs and costs. In 
the analysis of loadometer data for this procedure, axle load frequency distributions 
were developed for each type of vehicle using single axle equivalents for tandem axles. 
Equivalency factors of 0. 54 for flexible pavements and 0. 62 for rigid pavements were 
used. Frequency was expressed in terms of proportion of single axles and equivalent 
tandem axles falling in six weight groups: 0 to 3 kips, 3 to 7 kips , 7 to 12 kips, 12 to 
16 kips , 16 to 20 kips, and over 20 kips. For each axle weight group, the summation 
of frequency of occurrence times numbers of the appropriate vehicle type was accumu­
lated and reduced to a series of C-factors or proportional parts for use in the incre­
mental analysis of each typical design. 

The Road Test equations were solved and tabulated for each 0. 05-in. variation in 
thickness in the working range of effective depth D. This range is from 1 to 7 in. for 
flexible pavements and 4 to 10 in. for rigid pavements. As used in the Road Test 
equations, the effective thickness is given for rigid pavements by 

and for flexible pavements by 

D = 0. 44 D1 + 0. 14 D2 + 0. 11 D3 

in which 

D1 = surface thickness, 
D2 = base thickness, and 
Da = subbase thickness. 

(4) 

(5) 

It wai,; not intended to increment below the lower limit of the working range but in the 
analysis it was never necessary to apply this criterion. 

The Road Test equation solutions gave the number of applications, R, of a 3-kip 
axle which had the same influence of pavement performance as one axle in each heavier 
axle weight group, an equivalence that varies with D. Also they were solved for the 
ratio of the number of applications of a 3-kip axle load to reach the selected tolerable 
serviceability index over the number of applications to reach an index of 1. 5 during the 
pavement experiment. The logarithm of this ratio is the term G. Although only values 
for the 3-kip axle load were used in the incremental solution, it was necessary to eval­
uate the term fo r each load in solving for R. Table 2 gives the ranges of values for 
these functions, within the working ranges of D. Values for R22. 2 (the R factor for axle 
loads over 20 kips) were required infrequently and were not developed for the entire 
range of D. 

To facilitate the solution for increments of pavement thickness, a value K was cal­
culated for each design, which was a function of pavement thickness, change in service­
ability, and traffic for the initial D, as follows: 

K = A1 log(D + 1) + G/ {3s - log ~CR (6) 

in which 

A1 = constant determined by pavement type and by use of unweighted (seasonally) 
traffic data equal to 9. 36 for flexible pavements and 7. 35 for rigid pavements 
(12). 

Traffic is expressed as the summation of products of C and R for each axle weight group. 
In successive trials, D was re-evaluated using Kand revised values for G/f3s and l; CR. 

For each lesser increment, a trial D was selected; C for the highest axle load group 
of the preceding increment was added to the next lower C, R values for trial D were 
determined, summation of C times R was re-evaluated, and a calculated D was deter-
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TABLE 2 

TYPICAL FACTORS DEVELOPED FROM ROAD TEST EQUATIONS 

Effective Pavement Structure (in.) Log(W/p) 1 Rl 

1. 00 
2.00 
3. 00 
4.00 
5.00 
6.00 
7.00 

4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 

(a) Flexible Pavements 

-0.14939 21. 497 
-0.20985 23.635 
-0.21942 26.312 
-0.22142 27.198 
-0.22199 27. 471 
-0.22219 27.573 
-0.22227 27.613 

(b) Rigid Pavements 

-0. 07871 23.813 
-0.07908 24.387 
-0.07915 24.536 
-0.07917 24.576 
-0.07918 24.584 
-0. 07918 24.583 
-0.07918 24.586 

205.18 732.81 
200.65 676.45 
235.14 761.96 
261. 56 874.90 
273.48 948.88 
278.57 986.17 
280.73 1003.70 

202.84 677.45 
216.60 703.92 
225.95 745.19 
229.64 775.43 
230.91 789.80 
231. 33 795.62 
231. 50 798.15 

R20 

2003.1 
1803.0 
1941. 7 
2218.1 
2470.1 
2629.0 
2713. 4 

1781. 0 
1810. 3 
1883.7 
1980.8 
2053.0 
2090.0 
2108. 8 

1 Logarithm to base 10 of ratio of number of axle load applications, W, necessary to 
cause a given loss in serviceability over number of applications, , causing a loss in 
serviceability which would remove a test section from road test experiment, also re­
ferred to as G/s . 
2 Ratio Rx is number of applications of a 3-kip axle load divided by the number of appli­
cations of an axle load x kips causing the same loss in serviceability. 

mined. Successive trials were run until the assume D equaled the calculated D. Dif­
ferences in D-values determined for successive axle weight groups established the in­
crements of pavement thickness that were allocated only to axles heavier than those 
used in calculating the lesser value. 

SIGNIFICANCE OF ROAD TEST EQUATIONS IN INCREMENTAL ANALYSIS 

A comparatively small portion of the total user responsibility was allocated by the 
incremental analysis of pavements using AASHO Road Test equations. Fnr ex::impli='; 
in Kansas 17 percent of costs were included in the pavement category and 61 percent 
in the miscellaneous category which was allocated equally to all classes of vehicles in 
proportion to travel. In South Dakota, a similar relationship prevailed with 23 percent 
of responsibility in pavement costs, an amount that is influenced by a high proportion of 
user responsibility for the State highway system where most high and intermediate-type 
pavements occurred. The structure, and grading and drainage cost categories each 
represented a smaller proportion than pavements of the total user responsibility. 

For heavier vehicles, the pavement allocation has a much greater effect on respon­
sibility. This could, of course, be inferred from the fact that vehicle size, weight, 
and travel are the variables which influence the incremental solution. For combina-
tion vehicles, approximately 40 percent of responsibility was derived from the pave­
ment analysis. Table 3 and Figure 1 show the composition of the responsibility assigned 
to the several vehicle classes in Kansas. 

Passenger cars and small trucks in the two-axle four-tire class accounted for 88 
percent of the total vehicle-miles of travel and were allocated 78 percent of the total 
highway user responsibility by the incremental solution in Kansas. The distribution of 
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TABLE 3 

COMPOSITION OF USER RESPONSIBILITY BY VEHICLE CLASS INCREMENTAL 
SOLUTION, KANSAS 

Derivation of User Responsibility( %) 

Vehicle Class Grading & 

Pavement1 Bridges Drainage Misc. Total 

Passenger cars 12 8 11 69 100 
Single-unit trucks and buses: 

2 axles - 4 tires 12 8 11 69 100 
2 axles - 6 tires 24 15 13 48 100 
3 axles 29 30 10 31 100 

Combination trucks: 
3 axles 39 21 10 30 100 
4 axles 40 28 8 24 100 
5 or more axles 39 33 7 21 100 

Total TI TI TI 6T 100 

1 Based on AASHO Road Test results. 

total costs assigned to each of the four incremental cost categories is shown in Table 4. 
Figure 2 shows total cost responsibility and travel by vehicle class. 

Tables 3 and 4 show the relatively great influence that the Road Test equations have 
in the allocations to heavier types of vehicles. The influences of vehicle type and axle 
configuration is particularly apparent in Table 2 in the percentage of responsibility 
derived from structure costs and pavement costs. Both of these cost categories depend 
on travel and operating weight for the allocation. For the two heavier classes of single­
unit trucks, the increase in average operating weight is apparent in the twofold increase 
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Figure 1. Composition of user cost responsibility, Kansas. 



130 

TABLE 4 

TOTAL RESPONSIBILITY OF ALL VEHICLES BY CLASS INCREMENTAL 
SOLUTION, KANSAS 

Cost Categories ( %) 
Vehicle Class Grading & 

Pavement1 Bridges Drainage 

Passenger cars 49.7 47.2 70.8 
Single-unit trucks and buses: 

2 axles - 4 tires 6.7 6.6 9.6 
2 axles - 6 tires 10.7 10.0 8.8 
3 axles 1. 7 2.6 0.9 

Combination trucks: 
3 axles 6.1 4.9 2.4 
4 axles 13 .8 14.6 4.3 
5 or more axies 11. 3 i4. i 3.2 

Total 100.0 100.0 100.0 

lBased on AASHO Road Test results. 
2 Distribution identical to distribution of total travel by vehicle type. 
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Figure 2. Total user responsibility and travel, Kansas. 
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in proportion of responsibility in the bridge category. For the same vehicles, pave­
ment responsibility is increased by a factor of 1. 2, reflecting the low equivalent single­
axle load that replaces the total load on the tandem axles of the three-axle single-unit 
trucks. The relatively uniform proportion of responsibility for pavements of all com­
bination trucks reflects this same influence. South Dakota results conform to these 
characteristics, but the effects are less apparent because of sharp fluctuations in re­
ported travel for different vehicle types and weights. 

USE OF INCREMENTAL SOLUTION IN FORMULATING RECOMMENDATIONS 

Because of the sound basis in logic of the incremental method and because of its 
inherent ability to reflect the effect of vehicle type on highway costs, the incremental 
solution strongly influences decisions on user taxation recommendations. Other factors 
influencing realistic recommendations include allocations by the cost-function, vehicle­
mile, and ton-mile methods; the highway user tax structure of the State; the current 
rates of taxation in the State; and the rates and bases for taxation in other States, par­
ticularly those in the same general region. Ideally, the recommended user taxes should 
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Figure 3, Average cost responsibility per vehicle annually, Kansas. 
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provide the needed revenues, assess these revenues in relation to responsibility, and 
follow a tenabie political course. Responsibility varies with type and weight groups of 
vehicles and with variations of use within the group, making a balance between annual 
taxes and use-related taxes necessary for equity. 

The cost-function allocation and the average of the vehicle-mile and ton-mile allo­
cations were quite similar and the general relationship to the incremental solution was 
the same in each State. The incremental solution allocated relatively greater respon­
sibility to passenger cars, about the same responsibility to light trucks, and relatively 
lesser responsibility to heavy trucks with the proportional difference increasing as the 
weight of the vehicles increased. Figures 3, 4, and 5 show the relationship between the 
cost function and incremental allocations by gross vehicle weight without regard to type. 
These curves are for trucks and buses only, and show the average annual responsibility 
per vehicle and the ave r age responsibility per vehicle-mile and per ton-mile over the 
period from 1963 to 1982 (2, 3). Table 5 gives the same data by vehicle type and in­
cludes the responsibility for passenger cars. 

Solutions of allocation assigned total responsibility to each class of vehicles. These 
totals were reduced to per vehicle, per vehicle-mile, and per ton-mile to facilitate 
appraisal and presentation. The per-vehicle-mile and per-ton-mile responsibilities 
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TABLE 5 

AVERAGE COST RESPONSIBILITY BY CLASS OF VEHICLE, KANSAS 

Annual Cost ($) 

Vehicle Type 
Per Vehicle Per Vehicle-Mile Per Ton-Mile 

Incre- Cost Inc re- Cost Incre- Cost 
mental Function mental Function mental Function 

Passenger cars 86 77 0.008 0.007 0.0042 0.0037 
Single-unit trucks and buses: 

2 axle - 4 tire 53 54 0.008 0.008 0.0032 0.0032 
2 axle - 6 tire 105 118 0. 011 0.013 0.0019 0.0021 
3 axle 310 401 0.017 0 . 022 0.0014 0.0018 

Combinations: 
3 axle 437 546 0. 019 0. 024 0. 0014 0.0018 
4 axle 661 963 0.023 0.034 0.0012 0.0018 
5 axle or more 547 888 0.026 0.043 0. 0011 0.0018 
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were particularly useful in recognizing trends when average travel and average opera­
ting weights varied erratically. 

SUMMARY 

The AASHO Road Test has provided significant progress in the evaluation of cost 
responsibility for pavements. It is of particular value in determining relative influence 
of vehicle type and axle configuration on costs of the pavement structure. However, 
pavement costs represent a comparatively small part of the total cost responsibility 
which is normally assigned to motor vehicle users. The magnitude of this portion and 
the handling of other aspects of the incremental solution are dependent on subjective 
decisions. Also, there are other analyses and comparisons which must influence the 
judgment of engineers, administrators, and legislators in proposing and enacting tax 
rates and tax structures. 

The equations derived from the Road Test pavement experiment provide a rigorous 
though somewhat cumbersome method of allocating pavement responsibility. The quality 
of the solution is, of course, related to the quality of traffic, pavement design, and cost 
data to a very large degree and to a lesser degree on mct.'lod selected to evaluate mixed 
traffic. In the studies that provided the background for this paper, both data and method 
were considered entirely adequate for a valid solution. 

Results of the incremental analysis, when compared with other allocations, indicate 
a greater responsibility for passenger cars and proportionally increasing lower re­
sponsibility for trucks as weight increases. The tendency for the incremental respon­
sibility to diverge from the responsibility by other methods as vehicle size and weight 
increases is attributed to the influence of vehicle type and axle configuration in the 
bridge and pavement categories of the incremental solution. 
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Applications of Earnings-Credit and 
Relative-Use Methods of Highway 
Cost Allocation 
C. A. STEELE and T. R. TODD, respectively, Deputy Chief, Economic Research 

Division, and Chief, Finance and Taxation Research Branch, U. S. Bureau of 
Public Roads 

In the final report on the Highway Cost Allocation Study, the 
Federal-aid highway program cost responsibilities were allocat­
ed between highway users and other beneficiaries on the basis 
of an averaging of the cost responsibilities as found in the rela­
tive-use and earnings-credit procedures. Neither procedure is 
new, but the added information then available made possible 
much morethoroughgoingand sophisticated analyses than could 
be made at the time of their previous application. Although these 
analyses were oriented primarily toward the Federal-aid portion 
of the total highway program, the improved techniques developed 
could also be applied to similar analyses covering all road and 
street systems at either the National or the State level. This 
paper sets forth the reasons for the development of the new tech­
niques, explains the modifications made (showing how they differ 
from the procedures previously used), and indicates how they 
may be applied in other studies. 

• ONE REQUIREMENT of the Highway Cost Allocation Study requested by Section 210 
of the Highway Revenue Act of 1956 was "to make available to Congress information on 
the basis of which it may determine . . . an equitable distribution of the tax burden 
among the various classes of per sons using the Federal- aid highways or otherwise de­
riving benefits from such highways. " The Congress thus requested information con­
cerning a problem that has plagued highway tax and finance researchers for many years, 
and one that will probably continue to be a subject of research and discussion for many 
more. 

It is almost universally accepted among specialists in the field of highway finance 
that the tax burden of supporting highways, roads, and streets should, first, be allo­
cated between the users and nonusers, and, second, among the various classes of 
users. It has been customary to attempt to allocate highway cost responsibility on the 
basis of estimates of either benefits received or costs caused, although other bases, 
such as ability to pay, or some combination of bases have been tried on occasion, or at 
least considered. The fact that benefits received from highways frequently accrue in­
directly to ultimate beneficiaries complicates the benefit-allocation analyses consider­
ably, but it does not change the underlying concepts. 

Some authorities on government and finance, though recognizing the propriety of al­
locating highway costs among the various classes of highway users, are convinced that 
nonusers should not be required to support any part of the cost of the principal road sys­
tems. It is recognized that in this complex problem, as in others of public concern, 
theory alone is not always right or sufficient for practical application; and that consid­
erations of general fiscal policy, as distinguished from highway finance taken alone, 

Paper sponsored by the Committee on Equitable Allocation of Highway Costs. 
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may at times invalidate carefully worked out solutions of the allocation problem. 
Other public finance theorists and practitioners would completely reject the estab­

lishment of any relationship between highway disbursements and the taxation of highway 
users in any form at any level. Their reasons for this attitude vary. Thus, one author­
ity believes that centralized control should be exercised over all areas of public expen­
diture, and that no single area should be "untouchable" and exempt from control by hav­
ing a portion of governmental receipts earmarked for it. Another objects to the alloca­
tion of such a large proportion of a jurisdiction's resources to a single function of gov­
ernment, while others - education and health are most frequently cited- go vainly 
begging for funds. A third, and he would represent a good proportion of modern eco­
nomic theorists, would object because he believes that, to conserve and ration eco­
nomic resources, highway financing should be approached from a pricing rather than a 
taxing standpoint. As Zettel said in a panel discussion of perplexing financial problems 
facing the State highway departments held during the 47th Annual Meeting of the Ameri­
can Association of State Highway Officials in October 1961: 

••• there are some economists now who believe that the raising 
of the money from highway users should be entirely unrelated to 
highway costs. They would ration highway space, they would set 
prices high enough to make demand clear the market. These .•• 
argue that highways are badly underpriced. 

Another group of economists would almost completely reject the fundamental concept 
that the provision of highways is a governmental function. They would treat the highway 
function as a public utility, to be supported wholly by charges to be levied against those 
who benefited from the highway network. 

Howev·er, nearly all the States and the Federal Government have now embraced the 
philosophy of levying taxes on motor vehicles and their use and earmarking the proceeds 
for the support of the highway function. They have in effect voted down all the other 
philosophies just listed, largely because the tax-paying public has demanded more and 
better highways, and has clearly indicated its willingness to pay for them through im­
posts related in one way or another to highway use. 

The Highway Revenue Act of 1956 adopted this philosophy of earmarking the pro­
ceeds of highway-user taxation for the Federal support of the highway function, 
thereby reversing the long-standing policy of supporting Federal aid for highways 
from general revenues. 

COST ALLOCATION STUDY PROCEDURES 

In carrying out the mandate of the Highway Revenue Act of 1956 concerning the allo­
cation of the costs of Federal-aid hi11:hwavs between motor-vehicle users and nthP.rs . thP. 
Highway Cost Allocation Study staff-(!, p. 6) decided on the following procedure: , 

First, to identify and evaluate any specific costs that may not 
be allocable to motor-vehicle users; second, to work out a gen­
eral allocation between motor-vehicle users and others by the 
use of methods that have been in previous Federal and/or State 
studies of the problems of Highway cost allocation. 

For the allocation of highway costs between motor vehicle users and others, the staff 
chose the "relative-use" and "earnings-credit" methods, the basic concepts of which 
are generally well known among those who have critically studied problems relating to 
highway taxation. 

Recognizing that highway cost allocation is far from being an exact science, the staff 
of the Highway Cost Allocation Study considered that a compromise between the con­
flicting findings of the two studies would probably be more readily accepted than those 
of either alone. Accordingly, a compromise of the findings of the relative-use and 
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earnings- credit studies was developed and presented in the final report. 
This paper is primarily concerned with describing how the relative-use and earnings­

credit allocations were made. Special attention is devoted to the improved techniques 
applied. Although these analyses were oriented primarily toward the Federal-aid por­
tion of the total highway program, the modified techniques employed could also be ap­
plied to similar analyses covering all road and street systems at either National or 
State levels. Examples of actual State-level application are cited. 

SOME FUNDAMENTAL CONCEPTS 

There is little room for disagreement with the position taken in the Final Report of 
the Highway Cost Allocation Study (1, pp. 6-7) that no adequate method of measuring the 
nonvehicular benefits derived from highways has been developed; and, that, in conse­
quence, no way of comparing vehicular and nonvehicular benefits is now available. How­
ever, neither the relative-use nor the earnings-credit approach involves the direct anal­
ysis of benefits, with the result that the need for direct comparisons of the two types of 
benefits does not arise. 

The relative-use study attempts to assign cost responsibility for each road and street 
system to users and nonusers in proportion to the extent to which each system renders 
through-traffic service, community or neighborhood service, or access service. The 
prosecution and findings of the study are, of course, influenced materially by the defini­
tions and measurements adopted as representative of the three components of total traf­
fic. Variations in defining the three components can vary the final results by a consid­
erable degree. The division of highway service into categories of through-traffic, 
neighborhood, and land service suggests a parallel allocation of tax responsibility to the 
motor-vehicle user, to the community, and to land. 

The earnings-credit method of cost allocation is based on a pragmatic rather than a 
theoretical approach to the problem. It combines concepts of the relative-use and stan­
dard-cost methods of allocation. Under the standard-cost concept, which was used in 
a 1951 highway finance study in Ohio, each primary rural and urban road system would 
be allocated user taxes at a unit rate - per vehicle-mile or ton-mile of travel over it­
sufficient to meet its full costs. 

Those portions of the costs of other systems not covered by this procedure would need 
to be met from the property taxes and other general revenues. A description of the 
standard-cost approach has been given by Simpson (2, pp. 81-87). 

The earnings-credit study attempts to assign cosf responsibility for each of the sev­
eral highway and street systems by mediating or averaging such cost allocations between 
two somewhat inconsistent concepts: (a) each road and street system should receive an 
allocation of road-user tax revenues at a rate, per vehicle-mile of travel on it, adequate 
to support the primary or top rural and urban highway systems; and (b) each road and 
street system should receive an allocation of nonuser tax revenues at a rate, per mile 
of road or street on it, adequate to support the bottom or lowest-density road or street 
systems. 

RELATIVE- USE STUDY 

The principle of taxation according to benefit received underlies not only the practice 
of road-user taxation but also that of property taxation levied for the support of high­
ways. Measurement of the cost responsibility of nonuser beneficiaries is complicated 
by the fact that benefits accruing to nonusers are now, in large part, transfers of bene­
fits realized in the first instance by highway users; thus, charges paid by commercial 
users initially are transferred through the prices charged for their services. 

St. Clair (3) postulates that cost responsibility for each road and street system may 
be allocated between users and nonusers by some measure of the relative amount of ser­
vice each system renders to abutting property owners, to communities, and to motor­
ists. 

Before the 1950's, researchers and investigators were seriously handicapped in their 
efforts to make highway cost allocation analyses by the lack of usable data. This lack 
has been, to a substantial degree, reduced by the increasing amount of data made 
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available from the highway planning studies conducted by various State highway depart­
ments. As a result of the ever-growing reservoir of factual information, the research­
ers and investigators have been able to apply scientific study procedures to the cost al­
location analyses instead of using the subjective approach. 

Among the "scientific" approaches which have become applicable with the increasing 
availability of certain basic data, is the relative-use method, which St. Clair (3, pp. 3-4) 
describes as follows: -

A procedure which has been called the theory of relative use 
would allocate highway tax responsibility in accordance with the 
extent to which different classes of highways render different 
kinds of service. The service of direct access to land, although 
it is the predominant function of local roads and residential 
streets, is provided to some degree by all classes of highways 
except controlled-access facilities, Similarly, there is some 
through traffic even on unimportant roads and quiet streets. 
There is an intermediate service, that of providing access to 
neighborhoodo, which io the primary function of roadD a...~d otreeto 
of intermediate traffic importance. This division of highway 
service into categories of land service, local or neighborhood 
service, and through-traffic service, immediately suggests the 
parallel allocation of tax responsibility to the land, the com­
munity or general tax base, and the motor-vehicle user. 

*** 
Tax responsibility for the support of a given unit road section 

would, under the relative-use theory, be allocated as follows: 
to the land, the annual cost of a road facility adequate to sup­
port the existing volume of land-service traffic; to the commun­
ity or general tax base, the annual cost of a facility adequate 
to support the existing volume of land-service plus community­
service traffic, less the increment of cost assignable to the 
land; and to the motor-vehicle user, the annual cost of a facil­
ity adequate to support the total volume of traffic in the sec­
tion, less the increments of cost assignable to the land and the 
community. Application of this procedure to a representative 
sample of all road and street sections in a given State would 
lead to an evaluation of the respective total highway tax respon­
sibilities of the land, the community, and the highway user. 

St. Clair also points out that this general approach to cost allocation was used by the 
Federal Coordinator of Transportation (4) as an alternate to the added-expenditure 
method; and subsequently by the Board of Investigation and Research (5), in its public 
aids study. other students of the problem have accepted the relative-use thoory in prin­
ciple, but have simplified its application by allocating tax support in accordance with the 
predominant type of use to which a given road is put. 

In the years that have passed since St. Clair published his report, he and others have 
done a considerable amount of work toward providing more scientific tools and materials 
for the relative-use analysis. These efforts included pilot "road-service" studies con­
ducted in Oregon and Washington, which were essentially roadside-interview origin­
destination studies made to determine the character of service rendered by selected unit 
rural road sections. Attempts were also made to apply information obtained for state­
wide highway physical needs studies toward improving the relative-use analysis tech­
niques. 

Application of New Data 

The motor-vehicle-use studies that have been conducted on a statewide basis by more 
than one-half of the State highway departments with Public Roads cooperation since 1951 
appear to offer possibilities for the development of a more practical and yet scientific 
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method for making the relative-use analysis than any attempted or suggested previously. 
These studies provide data on number of trips, purpose of trip, trip length, highway 
systems used, place of origin, and place of destination. However, the tabulations cus­
tomarily prepared from these studies are not in the detail necessary for the relative­
use analysis. Therefore, recourse must be made to a special trip-by-trip analysis of 
the original interview forms to obtain the required information. Consequently, during 
the summer and fall of 1960 the Highway Economics Branch of the Bureau of Public 
Roads attempted to develop and apply procedures utilizing this data source. 

Because in the relative-use analysis mileage of access, neighborhood, and through travel 
measures each type of service rendered by each road system it became necessary, first, to 
establish definitions of these terms to which the data available from the motor vehicle use 
studies could be adapted. It was also equally necessary to define what is meant by a neighbor­
hood in terms of a plane of reference that is consistent with the findings of these studies. 

For the study made by the Bureau of Public Roads, information about individual 
motor-vehicle trips was obtained from a sample of the questionnaires collected in 
studies conducted by four States: Colorado, Delaware, Kansas, and Tennessee. 
A comparison with some other data provides one indication that this very small, and 
perhaps not overly representative, sample provides an acceptable basis for a National 
relative-use study. Table 1 and Figure 1 show the trip-length distribution for passenger 
cars from three sets of sample estimates. The first set is that obtained from the four­
State subsample. The second set is that obtained by combining the results of motor­
vehicle studies conducted in 19 States. The third set is based on the preliminary re­
sults of a National automobile-use study conducted independently for the Bureau of Pub­
lic Roads by the Bureau of the Census. 

TABLE 1 

PERCENTAGE DISTRIBUTION OF VEHICLE-MILES OF PASSENGER 
CARS BY TRIP-LENGTH GROUPINGS FOR THREE 

One-Way 
Trip- Length 

(mi) 

Under 5. 0 
5. 0 - 9. 9 

10. 0 - 14. 9 
15. 0 - 19. 9 
20. 0 - 29. 9 
30. 0 - 39. 9 
40.0- 49.9 
50. 0 - 99. 9 

100. 0 and over 

Total 

SETS OF SAMPLE ESTIMATES 

Passenger Car Vehicle-Mile Distribution (%) 

Relative- Use Motor- Vehicle- National Auto-
Analysis 1 Use Studies 2 Use Survey3 

Actual 
Cumu-

Actual 
Cumu-

Actual 
Cumu-

lative lative lative 

12.2 12.2 13.2 13.2 12.3 12.3 
12.2 24.4 15.4 28.6 16.8 29. 1 
10. 4 34.8 11. 2 39.8 14. 1 43.2 

9. 1 43.9 8.2 48.0 8.4 51. 6 
12.3 56.2 10.4 58.4 13.2 64.8 
10.5 66.7 6. 5 64.9 7.3 72. 1 
8.8 75.5 4.3 69. 2 4. 1 76.2 

16. 4 91. 9 10.8 80.0 10. 5 86.7 
8. 1 100.0 20.0 100.0 13.3 100.0 

100.0 100.0 100.0 

1Based on motor-vehicle-use studies in Colorado, Delaware, Kansas, and Tennessee, 
excluding travel on toll roads. 
2Based on motor-vehicle-use studies conducted in 19 States during 1951-56, 
including travel on toll roads. 
3 Preliminary tabulations from survey conducted for Bureau of Public Roads 
by the Bureau of the Census during fall of 1959; data obtained chiefly from 
travel logs kept by respondents, with travel on toll roads included. 
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Figure 1. Percentage distribution of vehicle-miles of passenger cars by trip-length 
groupings for three sets of sample estimates. 

The three distributions agree fairly well. At worst, the data for the relative-use analysis 
underestimate to a small extent the proportion of shorter trips. This possible bias would 
tend to cause an underestimate, on the National level, of the magnitude of nonuser cost re­
sponsibility because of the corresponding overr epresentation of the through-traffic compon­
ent. On the other hand, it may result in a reasonably accurate forecast of the passenger car 

TABLE 2 

NTTM'lHi'P OF CASES, TRIPS, AND 
ROAD SYSTEM SEGMENTS ANALYZED 

FOR RELATIVE- USE STUDY 

Number Number Numbe1· of 
State of of Road System 

Cases Trips Segments 1 

Colorado 121 1,044 2,084 
Delaware 80 497 1,270 
Kansas 177 1,457 2,825 
Tennessee 189 2,006 4,242 

Total 567 5,004 10,421 

lEach highway system used on a trip was 
counted once only for that trip no matter 
how many times trip route included sec­
tions of system. 

trip-length distribution at a time when better 
roads may be expected to encourage a greater 
proportion of longer trips. 

Table 2 gives by States the total number 
of interview forms (cases) entering into the 
o::in~l,:1Q;C! fn-r th.A l"t:t.l~ti,rtl-11Qtl C!t11fi,:r thP ("r'11"-_ .. __ J ........ _..,_ ..... _. - ------ ..... ---- ....... --J' -··- ............ 
responding number of trips, and the total 
number of road system segments used on 
these trips . 

Access and Neighborhood Segments 

Before analysis of any reported trip could 
be undertaken, it was necessary to define 
what constituted the "access" portion of a 
trip, and what constituted the "neighborhood" 
portion. Any remainder of a trip then consti­
tuted the "through travel" portion. 

Access Segments. - In the paper previous­
ly cited (3), the access portion of a trip was 
defined as the sum of the distance in 
the direction of travel along the road or 
street serving the point of origin of the 
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TABLE 3 

NUMBER OF SAMPLE LENGTHS AND AVERAGE BLOCK LENGTH 

Uptown CBD 

1950 Population City No. of Avg. No. of Avg. 
Sample Block Sample Block 
Lengths Length (mi) Lengths Length (mi) 

100,000 or more Wichita, Kans . 157 o. 08 59 0. 08 
Kansas City, Mo. - Kans . 230 0.08 104 0. 07 
Wilmington, Del. 88 0.06 47 0. 06 
Dallas, Texas 97 o. 08 56 0.06 
San Diego, Calif. 91 0.07 65 0. 06 

25 , 000 to 100, 000 Muncie, Ind. 54 o. 06 26 0.06 
Fayetteville , N. C. 21 0. 08 25 0.09 
Lancaster, Pa. 32 0. 06 34 0.06 
Boulder, Colo . 38 o. 08 32 0.08 

5, 000 to 25, 000 Americus, Ga . 19 0.09 5 0.07 
Aberdeen, S. Dak. 44 0.07 20 0.07 
Gardner, Mass. 24 o. 09 l 

lNot determinable; measurement s taken in every area. 

trip to the first intersection, and the distance from the last intersection to the destina­
tion. This definition was applied without modification to reported trips beginning or 
ending in unincorporated areas, inasmuch as trip beginnings and trip ends could be accu­
rately located on county culture maps prepared by the State highway departments. 

Available information was not sufficient to pinpoint an origin or destination on a 
map of urban streets. A standardized access distance, therefore, had to be adopted to 
make analysis possible. Samples of the block lengths of a few cities of various sizes -
size being equated to 1950 population-were map-measured to yield estimates of the 
average block length in each city-size group. In all except one case, a separate aver­
age was calculated for block lengths in the central business district (CBD) and in the re­
mainder of the city. Each measurement was of several blocks ina straight line to reduce the 
relative error for a single block. Table 3 gives the results. 

No well-defined trends could be discerned among the sample cities. Therefore, a 
uniform standard length of 0. 08 mi was adopted; this block length lay between the two 
extremes of 0. 06 and 0. 09 mi. 

The access segment within cities was always taken as one-half the standard block 
length, or 0. 04 mi. 

Neighbor hood Components . -Two basic approaches were consider ed in defining a 
neighborhood. St. Clair (3) defines a neighborhood as an area of such size as to gen­
erate a prescribed number of trip ends (origins and destinations) per day. Available 
data were not sufficiently detailed to permit the ready establishment according to this 
approach of standardized neighborhoods for areas of varying population density and land 
use. A sociologically-oriented definition of neighborhood was, therefore, considered 
and adopted. Under this approach, neighborhoods are recognized, among other cri­
teria, by the presence of certain facilities and services, such as elementary schools, 
churches, and local businesses; by a general homogeneity of development; and by the 
absence of physical barriers that would impede or prevent the normal flow of neighbor­
hood traffic. 

The approach adopted also avoids one area of criticism of the St. Clair hypothesis -
the determination of neighborhood size strictly on the basis of the number of trip ends 
generated. It has been contended with merit that to delimit neighborhoods on this basis 
is neither practical nor correct in theory, although it is granted that for purposes of 
allocation by the relative-use method the "neighborhood" definition adopted does not need 
to be in agreement with generally-recognized "community" concepts. It is pointed out, 
however, that a single block in a downtown business zone , an industrial area, or a 
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dense apartment area might easily gener­
ate more trip ends per day than would a 
thousand square miles in a sparsely settled 
rural area, which is typical of at least 17 
States west of the Mississippi River. 

The motor-vehicle-use studies offered a 
means of at least partially employing the 
sociological concept of a neighborhood. It 
is a matter of general knowledge that trips 
to transact family business (such as medi­
cal, dental, or shopping trips) as well as 
trips to school and church are very fre­
quently made to neighborhood destinations, 
although the present counter tendency for 
the cruising radius of the family car to in­
crease is recognized. Any samples of trips 
made for such purposes, such as described 
in motor-vehicle-use study questionnaires, 
would be expected to show a pronounced 
clustering about a value that could be taken 
as the neighborhood radius, especially if 
the analyses were made separately for each 
population group. 

The trip lengths for a sample of the in­
terview forms from the Kansas and Dela­
ware studies were analyzed to discover any 
clustering tendency. The results are given 
in Table 4. 

For incorporated places, by far the most 
frequent family business trips were those 
of less than 2. 0 mi. Within this group, 
when trips were arrayed in increments of 
0. 1 mi each, trips tended to cluster around 
1. 0 mi. No pronounced variation in the 
modal trip length with size of incorporated 
place could be established. 

No consistent tendency to cluster could 
be discerned for trips made by residents 
of unincorporated areas on family business. 
Because no positive basis could be found 
for a unique definition of a standard neigh­
borhood in unincorporated areas, a uniform 
definition of 1. 0 mi was adopted for the 
original analysis for the standard neighbor­
hood around all points of origin and desti­
nation, with one exception. That exception 
is for points within the C BD of a place of 
5,000 or more people. Because of the nar­
row and congested character of CBD's, a 
distance of 0. 5 mi was used to define the 
neighborhood area around points of origin 
and destination within them. 

"Through-Travel" Components. -The 
"through" portion of a trip is the mileage re­
maining after the access and neighbor hood 
components have been subtracted. For pur­
poses of the original analysis, through travel 
was dividedintotwotypes, A and B. 
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Inasmuch as the data available did not permit an exact classification, the classifica­
tion was made arbitrarily on a graduated trip-radius basis, depending on the type of 
area in which the trip occurred. Thus, those portions of through travel occurring 
within 3 mi of the point of origin or destination in unincorporated areas were clas­
sified as "through travel, type A," and those portions beyond that point were classified 
as "through travel, type B." Similarly, aradiusof5mi was used for medium-sized ur­
ban places, and one of 7 mi for the larger metropolitan areas. Although this break­
down was carried throughout the analysis, it was dropped in the final stage when 
the travel percentages were applied against the dollar program requirements; here the 
two subtypes of through travel were combined. 

Assignment of Trip Mileages 

With the adoption of these definitions, it was possible to assign trip mileages to ap­
propriate highway systems and to proper service components. Trip routes that were 
reported on the motor-vehicle-use study interview schedules for the four States noted 
earlier were traced on highway maps. Construction of the Interstate System was not 
far advanced when data for the latest of the motor-vehicle-use studies were collected in 
1958. Therefore, the highways that most closely paralleled the routes of the projected 
Interstate System were designated as comprising that system for the purpose of the rel­
ative-use analysis. 

The procedure outlined next was adopted for assigning the travel to the correct sys­
tem and to the proper components of access, neighborhood, and through traffic. The 
information was entered on coding forms, a sample of which is appended to this paper. 
To simplify the coding procedures, a separate line was used to record each system­
segment of a trip as it was encountered. Thus, if county highways were used on two 
different portions of a given trip, a separate entry was made for each portion. 

"Through travel, type B" is not recorded on the form. It was calculated by subtract­
ing the sum of the mileages shown under "access" (cols. 30-32), "neighborhood (cols. 
33-36), and "through travel, type A" (cols. 37-41) from the system-segment total (cols. 
25- 29). All travel was recorded on one-hundredths of a mile to provide for exact re­
cording of the "access" portions of the trips. 

The detail of this procedure was as follows: 

1. For a given trip, the highway systems and the mileage traveled on each system 
were listed in the sequence they were encountered on the trip. Any system might be 
listed more than once if the trip entered and left that system more than once. 

2. The appropriate length of access mileage was credited to the proper system at 
both origin and destination ends of the trip. This was determined by map measurement 
for any origin or destination located in an unincorporated, nonsuburban area. Else­
where, the standardized distance of 0. 04 mi was assigned. 

3. If any of the listed mileage then remained unassigned, net neighborhood mileage 
was assigned to the system or systems with the mileages listed immediately following 
the access mileage, both at the origin and destination end of the trip. Net neighborhood 
mileage equaled the standard neighborhood radius of 1. 0 mi (except for 0. 5 mi in 
CBD's) minus the assigned access mileage. In some cases the trip was so short as to 
require assignment of all the mileage to the access components. 

4. After deduction of the access and neighborhood components, any remaining trip 
mileage was assigned to the through-traffic component (subdivided between types A and 
B in the original analysis) and credited to the proper system or systems. 

Results 

This analysis technique for the trip data in the motor-vehicle-use study sample was 
applied separately to two vehicle groupings: (a) passenger cars, and (b) trucks and 
combinations. The distributions of sample mileages by systems were converted to per­
centage distributions and weighted by the total vehicle-miles of traffic on the system. 
Two sets of weight bases were used, the nationwide travel estimates for 1957 and the 
nationwide travel forecasts for 1975. However, Tables 5 and 6 present the unweighted 
sample distributions as more amenable to weighting with different system and total 
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TABLE 5 

ESTIMATED PERCENTAGE DISTRIBUTION OF TRAVEL BY PASSENGER CARS AND TRUCKS 
AND COMBINATIONS BY HIGHWAY SYSTEM AND BY RELATIVE-USE CLASSIFICATION 

COMPONENTS, SOCIOLOGICAL CRITERIA: 1957 

Distribution of Travel (<t) 

Highway System Area 
Access+ Access Neighbor hood 

Neighborhood 
Through Total 

(a) Passenger Cars 

Interstate Rural 1. 38 3.05 4.43 95.57 100.00 
Urban 0. 52 14. 96 15.48 84.52 100.00 

Other Federal-aid primary Rural 0.75 3.40 4. 15 95.85 100.00 
Urban 0.69 23.89 24.58 75.42 100.00 

Federal-aid secondary Rural 1. 98 8.49 10.47 89.53 100.00 
Urban 0.67 32. 17 32.84 67. 16 100.00 

Non- Federal-aid Rural 16.62 20.32 36.94 63. 06 100.00 
Urban 5.06 63.46 68.52 31. 48 100.00 

(b) Trucks and Combinations 

Interstate Rural 0.60 1. 11 1. 71 98.29 100. 00 
Urban 0.24 5.49 5. 73 94.27 100.00 

Other Federal-aid primary Rural 0.82 2.20 3.02 96.98 100.00 
Urban 0.40 13.66 14. 06 85.94 100.00 

Federal-aid secondary Rural 2.46 8.50 10.96 89. 04 100.00 
Urban 0.78 23.86 24.64 75.36 100. 00 

Non- Federal-aid Rural 14. 97 20.02 34.99 65.01 100.00 
Urban 3.79 53.88 57.67 42.33 100.00 

TABLE 6 

FORECAST PERCENTAGE DISTRIBUTION OF TRAVEL BY PASSENGER CARS AND TRUCKS 
AND COMBINATIONS BY HIGHWAY SYSTEM AND BY RELATIVE-USE CLASSIFICATION 

COMPONENTS, SOCIOLOGICAL CRITERIA: 1975 

Distribution of Travel (%) 

Highway System Area 
Access+ Access Neighborhood Neighborhood Through Total 

(a) Passenger Cars 

Interstate Rural o. 40 2.38 2.78 97.22 100. 00 
Urban 0.33 12. 48 12.81 87. 19 100.00 

Other Federal-aid primary Rural 0.75 3.40 4. 15 95.85 100.00 
Urban 0.69 23.89 24.58 75. 42 100. 00 

Federal-aid Secondary Rural 1. 98 8. 49 10.47 89.53 100.00 
Urban 0.67 32. 17 32. 84 67. 16 100.00 

Non- Federal-aid Rural 16. 62 20. 32 36.94 63.06 100. 00 
Urban 5.06 63. 46 68.52 31. 48 100.00 

(b) Trucks and Combinations 

Interstate Rural 0. 17 o. 97 1. 14 98.86 100.00 
Urban 0. 21 5.04 5.25 94.75 100.00 

Other Federal-aid primary Rural 0.82 2.20 3. 02 96.98 100. 00 
Urban 0. 40 13. 66 14. 06 85.94 100.00 

Federal-aid secondary Rural 2. 46 8. 50 10.96 89.04 100.00 
Urban 0.78 23.86 24. 64 75. 36 100. 00 

Non- Federal- a id Rural 14. 97 20. 02 34.99 65.01 100.00 
Urban 3. 79 53.88 57.67 42.33 100.00 
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travel estimates, such as would be found in different States. This will result in more 
reasonable composite estimates by other users of these data. 

Effects of Future System Changes 

The expenditure of Federal funds for the improvement of the Interstate System is 
directed toward the achievement of a condition where nearly the entire system is im­
proved to a controlled-access status. It is, therefore, reasonable to take the attitude 
that the allocation of cost responsibility should be based on the end-of-program status 
for which the funds are to be spent, rather than on the status at an intermediate year. 
The estimated access, neighborhood, and through-traffic components of travel on the 
several systems in 1975 are given in Table 6. 

The access changes on systems below the Interstate are assumed to be negligible, as 
these lower systems are expected to render much the same kinds of service in the fu­
ture as they do now. The estimated changes in the service characteristics of the Inter­
state System were based on certain known or highly predictable changes that will occur, 
among which the following are the most prominent: 

1. Access service on the Interstate System will be rendered only by frontage roads. 
The volume of access service will, therefore, be contingent on the expected mileage of 
frontage roads. 

2. Neighborhood service on the Interstate System will be rendered by both frontage 
roads and interchanges. 

3. An expected reduction of neighborhood service on the Interstate System will be 
chiefly accomplished by the elimination of short trips. All those that are shorter than 
the spacing between interchanges may be presumed to be eliminated; and a part of those 
that are longer will be discouraged by the effort of getting on and off the controlled-ac­
cess highway, although it is impossible to estimate the latter with any degree of accu­
racy. The amount of reduction in neighborhood travel will, therefore, be contingent 
on the average spacing of interchanges, which will probably average between 4 and 5 
mi in rural areas and slightly over 1 mi in urban areas. Consequently, for the end-of­
program analysis all rural trips under 5 mi and all urban trips under 2 mi were elimi­
nated from the Interstate System. 

Modification Based on Recalculation of Travel Radii 

The draft of the final report on the Highway Cost Allocation Study underwent exten­
sive and critical scrutiny before the report was submitted to the Congress. Some of the 
reviewers of the draft expressed dissatisfaction with the values used for the neighbor­
hood distances or radii (0. 5 mi in CBD and 1 mi elsewhere) used in the single relative­
use analysis included in the draft report, the procedure already described in this paper. 
The reviewers inquired what the effect on the percentage findings of the relative-use 
analysis would be if reasonable but significant changes were made in the specifications 
for the size of neighborhood area. 

When the original analysis was made, it had been considered that lack of necessary 
data would bar the use of a neighborhood concept based on the number of trips terminat­
ing within specified areas, the procedure advocated by St. Clair (3). To answer the 
questions raised by the reviewers it was decided to attempt an alternative analysis con­
forming generally to St. Clair's procedure in spite of the lack of important segments in 
the basic data required for such an analysis. 

The St. Clair thesis was that the size of the neighborhood area should be made to 
vary inversely with the density of population and business aggregation- from very small 
in the C BD' s of large cities to very large in areas of low density of dwellings or other 
traffic-generating establishments. He suggested that to tie the neighborhood definition 
in with the generation of motor vehicle traffic, a neighborhood area might be defined as 
an area generating a fixed number; say, 5, 000 or 10, 000 trip origins or destinations 
per day. 

To test his hypothesis, St. Clair made extensive analyses of origin-destination data 
obtained some years ago for the Baltimore Transportation Study. The results of his 
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analysis of various zones in downtown Baltimore and its suburbs indicated that if a 
neighborhood were to be defined in terms of 10, 000 trip ends per day the radius of a 
circular area would vary from approximately 0. 12 mi in the center of the city to 1. 8 mi 
or more in the outlying suburbs. Expressed in terms of "square" areas the variation 
would be from about 0. 2 to 3. 2 mi or more on a side of such an area, or, expressed in 
terms of average-sized city blocks, from 2 to 30 blocks or more on a side. 

The data applied in the first analysis made for the Highway Cost Allocation Study were 
reexamined under this concept, and "neighborhood" and "through travel" (types A and B 
combined) components were reallocated on this general basis. Access travel was not 
affected. The result was a range in neighborhood-area radii considerably more modest 
for urban areas than would have been indicated by the Baltimore data analyzed by St. 
Clair, but which was still generally in line with the traffic- generation concept. The 
redefined radii for the various classes of incorporated and unincorporated areas adopted 
for the analysis are given in Table 7. 

The changes in definition of the neighborhood radius were such as to reduce the size 
of the neighborhood component of a trip in urban areas and to enlarge it in rural areas. 
The resulting changes in allocation of highway costs between motor-vehicle-user taxes 
and other revenue sources were substantial but were not of such magnitude as to indi­
cate fundamental disagreement with the previous analysis. The unweighted sample per­
centages from this analysis are given in Tables 8 and 9 for 1957 and 1975. These may 
be compared with those resulting from the previous analysis (Tables 5 and 6). 

Suggestions on Application of Relative- Use Procedures 

In applying these percentages in a relative-use analysis for a given State where a 
motor-vehicle-use study had not been made or where the individual interview forms 
were not available, the proper procedure would be to determine the vehicle-type com­
position of present and projected travel for the rural and urban portion of each highway 
system separately, then multiply each travel figure by the appropriate percentage in 
Tables 5 and 6 or Tables 8 and 9, depending on the neighborhood definition adopted. The 
resulting values should be summed to make a composite travel table, and a new com­
posite percentage distribution should then be calculated. These latter percentages can 
be applied against the appropriate program dollars to obtain the individual assignments 
of dollar responsibility. 

Certain shortcomings which must be made up for by some means are reflected in 
Tables 5 and 6. Unfortunately, the motor-vehicle-use study samples were too small to 

provide stable samples for the various 
classes of trucks and combinations sepa­

' 

TABLE 7 

REDEFINITION OF NEIGHBORHOOD RADII FOR 
RELATIVE- USE ANALYSIS 

Location of Trip Origin or Destination 

Unincorporated, nonurbanized areas: 
Sparse rural 1 

Medium rural 2 

Dense rural3 

Urbanized areas: 
Central city, downtown' 
Central city, remainder 
Outside central city 

Incorporated places with population of 
5, 000 and over, not in urbanized area: 
Downtown 
Remainder 

Incorporated places with population of 
4, 999 or less, not in urbanized area 

Neighborhood 
Radius (mi) 

3.00 
2. 00 
1. 00 

0.25 
0.50 
0.50 

0.50 
0.50 

1. 00 

2 Less than 2 duelling units per squaro mile. 

3 
From 2 to 40 dwelling uni ts per &qlUlre mile. 

4 
More than 40 thmJ.ling uni ts per uqutu•e mile. 
Including CED, industrial, waterfront, and financial 

areas. 

rately. Furthermore, motorcycle and bus 
operations were not included in these 
studies nor in Tables 5 and 6. The adjust­
ment to separate light trucks from heavy 
trucks and combinations should not be un­
duly difficult to make if separate travel 
figures are available for such vehicle 
types, and if it can be assumed that the 
travel patterns of passenger cars and light 
trucks are essentially similar. 

Estimating the characteristics of bus 
travel is a different matter. Bus opera­
tions are usually divided into three broad 
groupings: (a) intercity; (b) transit, includ­
ing sightseeing and certain miscellaneous 
operations; and (c) school and nonrevenue. 
Estimates by rural and urban system seg­
ments of travel by these groupings of ve­
hicles during one year were made by the 
individual States for the Public Roads 
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TABLE 8 

ESTIMATED PERCENTAGE DISTRIBUTION OF TRAVEL BY PASSENGER CARS AND TRUCKS 
AND COMBINATIONS BY HIGHWAY SYSTEM AND BY RELATIVE-USE CLASSIFICATION 

COMPONENTS, TRIP TERMINI CRITERIA: 1957 

Distribution of Travel (%) 

Highway System Area Access+ Access Neighborhood Neighborhood Through Total 

(a) Passenger Cars 

Interstate Rural 1. 38 4.33 5.71 94.29 100.00 
Urban 0.52 8.79 9.31 90. 69 100. 00 

Other Federal-aid primary Rural 0.75 4.72 5.47 94.53 100. 00 
Urban 0.69 11. 67 12. 36 87.64 100. 00 

Federal-aid secondary Rural 1. 98 13.79 15.77 84.23 100.00 
Urban 0.67 13. 11 13.78 86.22 100. 00 

Non- F ederal-aid Rural 16. 62 34.58 51. 20 48. 80 100. 00 
Urban 5.06 50. 21 55. 27 44.73 100. 00 

(b) Trucks and Combinations 

Interstate Rural 0.60 1. 85 2.45 97.55 100.00 
Urban 0.24 3.57 3.81 96._19 100. 00 

Other Federal-aid primary Rural 0.82 3. 03 3.85 96. 15 100.00 
Urban 0.40 5.90 6.30 93.70 100. 00 

Federal-aid secondary Rural 2.46 13. 37 15. 83 84. 17 100.00 
Urban 0.78 13. 96 14. 74 85. 26 100. 00 

Non-Federal-aid Rural 14. 97 35.69 50.66 49. 34 100.00 
Urban 3.79 39.54 43.33 56.67 100.00 

TABLE 9 

FORECAST PERCENTAGE DISTRIBUTION OF TRAVEL BY PASSENGER CARS AND TRUCKS 
AND COMBINATIONS BY HIGHWAY SYSTEM AND BY RELATIVE-USE CLASSIFICATION 

COMPONENTS, TRIP TERMINI CRITERIA: 1975 

Distribution of Travel (%) 

Highway System Area Access+ Access Neighborhood Neighborhood Through Total 

(a) Passenger Cars 

Interstate Rural 0. 40 3. 19 3.59 96.41 100.00 
Urban 0.33 5.04 5.37 94.63 100.00 

Other Federal-aid primary Rural 0.75 4. 72 5.47 94. 53 100.00 
Urban 0.69 11. 67 12.36 87. 64 100.00 

Federal-aid secondary Rural 1. 98 13. 79 15.77 84.23 100. 00 
Urban 0.67 13 . 11 13 . 78 86.22 100.00 

Non- Federal-aid Rural 16.62 34. 58 51. 20 48.80 100. 00 
Urban 5.06 50. 21 55. 27 44.73 100. 00 

(b) Trucks and Combinations 

Interstate Rural 0. 17 1. 85 2.02 97.98 100.00 
Urban 0.21 2.94 3. 15 96.85 100.00 

Other Federal-aid primary Rural 0.82 3. 03 3 . 85 96. 15 100.00 
Urban 0. 40 5.90 6.30 93.70 100.00 

Federal-aid secondary Rural 2.46 13.37 15.83 84. 17 100.00 
Urban 0.78 13 . 96 14. 74 85.26 100.00 

Non- Federal-aid Rural 14. 97 35.69 50.66 49. 34 100.00 
Urban 3.79 39. 54 43.33 56.67 100.00 



148 

Highway Cost Allocation Study, and should be available as a guide to further estimating. 
Accurate determination of the access, neighborhood, and through components of bus 
travel is probably out of the question because buses render all types of travel at the 
same time depending on the origin and destination of their passengers. Consequently, 
it might, perhaps, be assumed with impunity that for want of a better base all travel 
of intercity buses can be assigned to the "through" category, and that of transit, school, 
and nonrevenue buses to the "neighborhood" category. 

Motorcycle operations were estimated to account for less than 0. 2 percent of travel 
on all systems in 1957, according to Table 7 (6). Considering this fact and the extreme 
lightness of these vehicles, even when loaded,- it may be entirely reasonable to omit 
them from the cost-allocation calculation. If it is desired to include them, it might be 
safe to assume that their travel characteristics are essentially the same as those of 
passenger cars. 

EARNINGS-CREDIT ANALYSIS 

In 1951, Simpson (2, p. 78) stated that all the three classical theories of public fi­
nance have been drawn on for the financial support of the highway function: benefit, 
ability to pay, and cost. He cited the use of special assessments in the financing of city 
streets as an example of direct "benefit" taxation; the support of highways by general 
taxation as an example of taxation on the basis of some assumed measure of ability to 
pay; and the financing of main highways through taxes on motor vehicle users graduated 
somehow in relation to costs incurred as an example of taxation on the basis of cost. 
Except for residual allocations, Simpson rejected all but the cost principle in his analy­
ses. 

In his discussion of highway tax theory, Simpson (2, p. 76) described the then new 
proposal by St. Clair for an "earnings-credit" analysis as an application of "predomi­
nant use at both ends [i.e., primary highways and land-services roads J so to speak," 
with an averaging of the results. He summarily dismisses this method, along with 
others, as a "benefit" approach, and applies in its place the "standard-cost" approach, 
which he describes as an attempt to allocate "the cost of providing highway facilities for 
motor traffic" according to a measure of "a 'reasonable cost' that is properly charge­
able to motor traffic." He justifies his approach (2, pp. 81-82) as being in line with the 
application of the reasonable cost concept as applied by the Interstate Commerce Com­
mission, other regulatory bodies, and the courts to railroads and public utilities for 
nearly a century. 

To many, the differentiation noted by Simpson between the earnings- credit "top­
drawer" calculation, which he designated a benefit approach, and his own standard-cost 
method, which he described as a cost approach, seems rather illusory because of the 
great similarity between the calculations involved in both instances, even though Simp­
son made his cost allocation on the basis of ton-mile units, whereas vehicle-mile units 
arc customarily, but not necessarily, used in the earnings-credit ar.alysis . . l\ brief 
description of the standard- cost approach will clarify the situation. 

Standard-Cost Approach 

Drawing on the utility analogy, Simpson attempted to begin the distribution of joint 
highway costs by determining the costs chargeable to highway users and treating the re­
mainder as "residual costs" assignable to other groups. He contended that the costs 
assignable to general property, governmental functions, and "neighborhood and com­
munity services" were "practically unascertainable." But, he also contended, the cost 
of providing services to motor vehicle traffic can be ascertained with a reasonable de­
gree of accuracy, providing certain assumptions are made. 

The "standard-cost" approach consists of assigning "reasonable costs" of providing 
"highway facilities for motor traffic." The development of the so-called "reasonable­
cost" concept was, then, the key item in the Ohio Study. The "reasonable cost" assign­
ment used was the cost per ton-mile of the rural portions of the State A and B systems. 
This cost per ton-mile was applied to the ton-miles of travel for all roads and streets 
as the highway-user share of total costs. The difference between this share and the 
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total cost was considered as the nonusers' contribution. In discussing the assignment 
of costs, Simpson ~' p. 81) says: 

But when we undertake to ascertain the cost of providing 
"highway facilities for motor traffic, 11 ,re are immediately con­
fronted by the fact that there are highway facilities which are 
not provided primarily for motor traffic, which have little re­
lation to the volume of motor traffic on them, and which would, 
in fact, be there if there were no motor traffic. These are the 
local rural roads and residential access streets in the cities, 
upon which the costs, if assigned entirely to motor transporta­
tion, would be excessive and unreasonable. Any assignment of 
costs, whether per vehicle-mile, per ton-mile, or other measure, 
on a Statewide mileage basis must necessarily include these 
lightly traveled roads and streets. 

Simpson used his standard-cost technique to accomplish three ends: (a) to determine 
the costs to be assigned to motor vehicle users, (b) to determine a residual cost to be 
assigned to others, and (c) to allocate the users' share among the various types and 
classes of vehicles. 

Earnings-Credit Approach 

It has already been mentioned that the earnings-credit method of cost allocation is 
based on a pragmatic rather than a theoretical approach to the problem. Simpson (2, 
p. 76) describes it as a method of overcoming some of the obvious shortcomings of the 
"predominant-use" modification of the "relative-use" analysis, in which predominant­
use concepts are applied to both the primary and local highway systems, and the results 
averaged. This is an oversimplification, but it dramatically and succinctly describes 
what actually takes place in the usual earnings-credit analysis without giving the funda­
mental reasons. 

The earnings-credit method may properly be considered as a variant of the "stand­
ard-cost" and "relative-use" approaches in which certain somewhat inconsistent con­
cepts of the two methods are applied to combine some of the best features of both. It is 
based on a merger of or compromise between two concepts: 

1. That the user component of tax support on all highway systems should be based 
on the average cost per vehicle-mile of primary highways, or better. This is the so­
called "top-drawer" solution. 

2. That there should be a nonuser component of highway tax support on all systems 
based on the average cost, per mile, of tertiary or access roads and streets. This is 
known as the "bottom-drawer" solution. 

The first concept recognizes that the user has tax responsibilities chiefly for the 
support of the primary highways and also to a lesser, yet substantial degree, for all 
other roads and streets. In an orderly array of highway program costs, the costs per 
vehicle-mile of travel will increase substantially as the traffic importance of the high­
way system decreases. The costs per mile, however, act in reverse order, with the 
unit costs decreasing as the traffic importance of the system decreases. Therefore, a 
cost-per-vehicle-mile rate which will pay for the primary system can be considered as 
a reasonable contribution toward the support of all other highway and street systems. 
This, of course, results in a very substantial allocation of costs for all roads and 
streets to the user. 

The second concept recognizes the fact that the tertiary or access road and street 
costs constitute a tax responsibility of the abutting property and the community which 
are the chief beneficiaries of such improvements. It also recognizes another princi­
ple - communities derive benefits, possibly intangible but nonetheless substantial, 
from the primary and secondary systems. Cognizance of this principle is expressed by 
assigning the cost per mile of the lowest system to all systems as a nonuser contribution. 
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This concept called the "bottom-drawer" solution results in a distribution of costs 
which materially lessens the user-cost responsibility. 

To smooth out the rather variable assignments of costs arrived at by the application 
of the two concepts, a compromise of the cost assignments is arrived at by averaging 
the costs per vehicle-mile obtained from the two solutions. This modifies the user 
share obtained from the "top-drawer" solution to some extent and ordinarily raises it 
above that obtained from the "bottom-drawer" solution. 

In the original work on the "earnings-credit" approach, a modification was intro­
duced which took account of the lower level of costs per vehicle-mile on urban systems. 
In commenting on this modification, St. Clair ~. pp. 12-13) states: 

Certain of these principles and provisos need to be ampli­
fied by further discussion. The indicated modification provid­
ing that motor-vehicle tax earnings shall be credited at a lower 
rate to urban streets than to rural roads appears to be incon­
sistent with the earnings-credit principle, if the latter is to 
be taken as the guiding concept of the solution. Tn:Ls mom.I1.ca­
tion obviously works to the disadvantage of the cities and to the 
advantage of the rural roads, and particularly of the local rural 
units. It may be remarked at this point that the proposed method 
of analysis does not attempt to set up a completely logical theory, 
but rather to bring about a compromise among several concepts, · 
none of which appears able to stand alone. 

With respect to the rural-urban modification, it may be re­
marked that the cities are a more productive source of taxable 
wealth than the rural areas, and that this wealth is in large 
part derived from industrial and commercial relations with the 
surrounding countryside. Furthermore, as a practical matter, the 
cities in most States will fare much better under the proposed 
solution, even with the rural-urban modification, than they do 
at the present time. 

A study ••• will reveal the fact that costs per vehicle­
mile on city streets are likely to be remarkably low; and this 
is particularly true of those arterial streets which form the 
connecting links of the State primary system, If the earnings­
credit solution were applied, so to speak, across the board, the 
rate of motor-vehicle taxation per vehicle-mile would have to be 
set at a point below the cost per vehicle-mile of the primary 
urban system, and this would result in a ratio of motor-vehicle 
to non-motor-vehicle tax responsibility so low as to prove un­
acceptable to most students of the subject, as well as to the 
gAnAral public. 

Availability of Data 

To perform an earnings-credit analysis, it is necessary to have available detailed 
needs, costs, and travel data for all road and street systems. The highway needs, 
costs, and travel data for all systems were prepared and submitted by the several 
State highway departments in connection with the Section 210 Study. Such data contem­
plated a 15-year improvement program (1956-71), and the needs were based on design 
criteria that were assumed adequate to accommodate types and volumes of traffic an­
ticipated for the year 1975. There was, therefore, an array of needs, costs, and travel 
data much more complete and detailed than had hitherto been available for any earnings­
credit study concerned with all roads and streets. 

Conduct of Study 

In making previous earnings-credit analyses for individual States, certain standard 
procedures were followed which had been more or less predetermined. It was observed 
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rather early in the Highway Cost Allocation Study that some of those procedures would 
have to be modified in order to be applicable to an analysis involving all roads and 
streets of the Nation. These procedures and reasons for the modification are given next. 

The highway systems, their needs, estimated travel and mileage usually included in 
a typical analysis at the State level are approximately as follows: 

System Rural Urban 

State primary X X 

State secondary X X 

County and other local 
rural roads X 

City streets: 
Arterials X 

Local X 

The rural and urban portions of the State primary systems constituted the road systems 
used for the top-drawer solution; and county roads and local city streets constituted the 
respective rural and urban road systems for the bottom-drawer solution. It has always 
been recognized that the arbitrary grouping of needs under the legally constituted road 
systems, although implementing the presentation of the assembled data, and very satis­
factory for administrative purposes, did not represent as refined a presentation of the 
data as would be desirable. There is usually a considerable mileage of the county road 
system in an average State which will be expected to carry a substantially greater vol­
ume of traffic than many portions of the rural State secondary system and, possibly, a 
few sections of the State primary system. The same is generally true with regard to 
arterial and local streets in comparison with the urban portions of the State systems. 
Therefore, the grouping of all county and local rural road costs under the county sys­
tem, and assigning to that system the key index of the bottom-drawer solution, results 
in some sections of road with a high-type design criterion being assigned to a system 
supposedly concerned only with a land-access function. Similar situations also exist 
among other systems. 

This situation became very apparent in the data assembled in connection with the 
Highway Cost Allocation Section 210 Study. Projections of travel by road systems and 
surface types to 1975 showed that about 496, 000 miles of county and local rural roads, 
and 333 , 000 miles of city streets were designed with intermediate- or high-surface 
types. The anticipated average daily traffic (ADT) on these roads and streets ranged 
from 161 to 981 on the rural portion and from 191 to 3,221 on urban. Obviously, the 
function of such roads and streets is expected to be above that which could be considered 
access. 

The detail of data available as already noted made it possible to array the mileage of 
various surface types of a road system into what appeared to be the most logical order 
for the earnings-credit analysis. The original data submitted by the States showed the 
needs, by surface types (unsurfaced, low, intermediate, and high) for 12 separate sys­
tems. These were as follows: 

System 

Interstate 
Other Federal- aid primary 
Federal-aid secondary : 
State 
Local 

Other State highways 
Local roads 
Local streets 

System Number 

Rural Urban 

1 
3 

5 
7 
9 

11 

2 
4 

6 
8 

10 

12 
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TABLE 10 

DISTRIBUTION OF ROAD SEGMENTS, MILEAGE, AND TRAVEL TO TOP, SECONDARY, AND BOTTOM GROUPS OF 
EARNINGS-CREDIT ANALYSIS 

1975 Travel on System 

Group 
Highway Surface Miles on 

Percent Cost2 per Vehicle- Cost per 
System Type System1 Mile($) Miles Percent Vehicle-Mile ADT 

(millions) ($) 

Top Interstate High 36,427 1. 17 25,470 232, 605 20. 39 0. 00399 17,495 
Other FA primary High 196, 265 6. 33 12, 020 367,797 32. 23 0. 00641 5, 134 

Intermediate ~ ~ 6,840 ~ ---2.:11 0. 03775 496 
subtotal 255,881 8. 25 13,460 604,601 52. 99 0. 00570 6,473 

Secondary FAS High 203,725 6. 57 6,540 153,861 13. 48 0. 00866 2,069 
Intermediate 297,420 9. 59 2,290 27, 277 2. 39 o. 02493 251 

Other State highways High 36,495 1.18 10, 750 36, 292 3. 18 0. 01081 2,724 
Intermediate 39,411 1. 27 2,650 3,972 0. 35 o. 02633 276 

Other local roads and 
streets High 322, 581 10. 40 6,720 257,519 22. 57 0. 00842 2, 187 

Subtotal 899, 632 29. 01 5,200 478,921 41. 97 o. 00977 1,458 
Bottom FAS Low 128,904 4. 16 1,770 2,732 o. 24 o. 08338 58 ~:=~ ~~~ ~~:~:ar,~u Low 4,978 0. 16 2,430 180 0. 01 0. 06722 99 

streets Intermediate 506,922 16. 35 2,470 31, 591 2. 77 0. 03963 171 
Low 1,304,603 42. 07 0, 930 ~ ~ 0. 05269 48 

Subtotal 1,945,407 62. 74 1,390 57,515 5. 04 0. 04702 81 
Total 3,100,920 100. 00 3,490 1,141,037 100. 00 0. 00949 1,008 

'B~Um.ateti ln Clttr'ti-ca n ci:inpGU.tm J pro~, u:eludl~ tQ 1 - filGLJ.1.cy atUnllitQ or- Uiq 2.,10:?-Ml expansion of Interstate System. 

a!:tt:::e~al~n~f 1;5~tp~fc!n~:!~e:d i:tr~,:~!;~;;~~fl~~IJ~~n;;:~tion and estimated ,ulntJ!ntulOo and administration costs, all 
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50 
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10 

Figure 2. Percent distribution of mileage and travel for all roads and streets by earn­
ings-credit study distribution, 1975, 
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In the usual conduct of an earnings-credit analysis the Interstate and other Federal­
aid primary systems would be combined to form the top-drawer systems, with the local 
roads and urban streets forming the bottom-drawer systems. However, the available 
data made it possible to segment the systems in a more realistic pattern. The resulting 
array for each road system segment is included in Table 10 and Figure 2. 

The road systems in the top grouping comprise only 8. 3 percent of the total mileage 
but are expected to accommodate 53. 0 percent of the estimated total travel in 1975. 
These systems are expected to have an ADT of about 6, 500 at that time; this system is 
composed of all Federal-aid primary (FA) highways, including the Interstate routes. 

The segments of road systems in the secondary groups contain 29. 0 percent of the 
total mileage and are expected to carry 42. 0 percent of the total travel in 1975 and to 
have an ADT of 1,458. About 80 percent of the Federal-aid secondary (FAS) mileage 
is on this system. 

The bottom groups, consisting of 62. 7 percent of the total mileages, are expected to 
carry only 5. 0 percent of the total traffic and have an ADT of 81 by 1975. About 20 per­
cent of the FAS mileage is on this system. 

Table 10 and Figure 2 show that a rather orderly array of road types by traffic volume 
groups was obtained, and that the three groups appear to line up fairlywell with the three 
travel components of the traffic stream; namely, through, neighborhood, and access. 

Figure 3 shows costs per mile and costs per vehicle-mile for the three highway 

i i L~gendl 

90 I r2J c{:~~::n:e)le 

80 

• Cost per vehicle 
mile (mills) 

~ ~ ~ - 1 .... 

Bottom Group 

Figure 3. Cost per mile and costs per vehicle-mile for all roads and streets by earn­
ings-credit study distribution. 
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groups. The top group, although having the highest average annual cost per mile 
($13,460) has the lowest cost per vehicle-mile ($0. 00570). 

As the earnings-credit analysis for the Highway Cost Allocation Study was concerned 
only with equity of taxes imposed at the Federal level and earmarked for the highway 
trust fund, program costs in which there was no Federal participation could not be con­
sidered. Therefore, the costs of maintenance, operation, administration, and highway 
police incurred by the States for Federal-aid highways were not included. Also, be­
cause the study was concerned with only capital costs, a large mileage of road which 
would be unsurfaced at the end of the program period (1971) was eliminated from the 
analysis as, obviously, no capital costs would be incurred. The roads thus eliminated 
totaled about 633, 000 miles, having an anticipated 1975 ADT of 25. 

"Average annual program costs" is the term applied to the annual expenditures of a 
given year of a scheduled program. These costs are ordinarily used by a state in 
making an earnings-credit solution. Such costs include captial outlay, maintenance, 
operation, administi:ation, policing, and interest on debt. As noted previously, only 
capital costs were considered in this analysis. The use of average annual capital pro­
gram costs has one very serious deficiency in that such costs overstate the actual cost 
requirements of the high-type improvements while understating the costs of the low-type 
improvements. This results from the high initial costs of major improvements and the 
low initial costs of the minor improvements. Such methodology does not take into ac­
count the longer average lives of the high-type improvements. Use of the annual-cost 
method appeared to be dictated by this problem. Annual costs can be described as the 
amortization of the capital expenditures over the given life of the investment at a given 
rate of interest. This, of course, equalized to a certain degree the program cost dif­
ferences in the high-type and lower-type improvements. 

The last major modification adopted for the analysis was the use of predicted travel 
for the year 1975. Ordinarily, the estimated travel at the midyear of the program is 
empioyed, along with a fixed average annual program cost. Thus, the costs per ve­
hicle-mile remain constant. In using annual costs, however, the computed vehicle-mile 
costs vary from year to year due to the changes in the volume of travel. It was neces­
sary, then, to decide which year should be taken to provide traffic volumes that would 
be suitable for the solution. The decision to use 1975 travel was based on the thinking 
that if annual costs are used, the travel should reflect the cost per vehicle-mile of a 
completed program, rather than one partially completed. 

The computations involved in establishing the annual capital costs consist of multi­
plying the given investment item by the recovery factor that will provide for its replace­
ment, at a given rate of interest, at the end of its investment life. The given rate of 
interest runs the gamut from Oto 7 percent, depending on the individual researcher, 
with the majority using a 6 percent interest rate. Such calculations are employed in 
determining economic costs in engineering economy studies of alternate highway invest­
ments. This study was concerned only with the financing of the Federal-aid systems 
which for all practical P'\lrposes are being financed on a current-revenue basis. It 
seemed that the inclusion of an interest charge was not relevant to the work at hand and 
yet such charges are an integral part of the computations of annual costs. A decision to 
compute annual costs at three different interest rates (0. 0, 2. 5, and 5. 0'1>) was made. 
The computation at 0. 0 percent tends to favor the high-type systems in terms of cost 
per vehicle-mile, and because of the high recovery factor of investments in such facili­
ties, the 5. 0 percent rate tends to disfavor them. A rate of 2. 5 percent probably comes 
nearest to representing a normal credit-financing situation. 

When highway expenditures and estimated costs per vehicle-mile are plotted against 
average daily traffic, there is usually a tendency for the values for the urban systems 
to be at a lower level than the values for the rural systems. Although such values, 
when plotted, appear to mingle randomly, the values of functionally comparable rural 
and urban systems definitely show this tendency. Such data were available from earn­
ings-credit studies recently completed in Missouri and Iowa (7, p. 189; 8, p. C-3). The 
values are shown in Table 11 and Figure 4. - -
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Figure 4. Cost per vehicle-mile of various road systems in Missouri and Iowa. 
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In spite of its somewhat tenuous theoretical basis, the earnings-credit analysis has 
proven to be a most acceptable and useful tool for those who must attempt to allocate 
highway costs between users and others. Consequently, it has been utilized by 
other Federal investigators besides the staff of the Highway Cost Allocation Study, 
and in numerous State studies. Unfortunately, the findings of some of the State studies 
exhibited certain rather serious aberrations, probably traceable largely to shortcomings 
of the basic data available and the highway classification scheme used. There is reason 
to believe, however, that if adequate data are available , if a realistic classification of 
highways is adopted, and if certain other pitfalls can be avoided the earnings-credit 
analysis will produce consistent and useful results. In the paragraphs that follow, some 
of the major problem areas are considered for the benefit of those who may undertake 
earnings-credit analyses in the future. 

Findings Affected by Program Costs . -The findings of the relative-use analysis are 
not affected by program costs because the determinations of cost responsibility are 
based entirely on the magnitude and characteristics of motor-vehicle travel. On the 
other hand, program-cost data are a part of the foundation on which the entire structure 
of the earnings-credit analysis rests. Consequently, errors or inconsistencies in the 
program-cost information utilized in the earnings-credit analysis can have a greatly 
adverse effect on the reasonableness of the results. Even the application of a different 
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TABLE 11 

AVERAGE ANNUAL PROGRAM COST PER VEHICLE-MILE FOR SELECTED 
SYSTEMS IN MISSOURI AND IOWA 

Interstate: 
Rural 
Urban 

Missouri1 

System 

State primary: 
Rural 
Urban 

State secondary: 
Rural 
Urban 

County, township and special 
road district 

Arterials, collectors, and 
local streets 

Total: 
Rural 
Urban 

Cost per 
Vehicle-Mile 

($) 

0.0066284 
0. 0058016 

0.0144739 
0.0126879 

0.0302915 
0. 0112034 

0.0339879 

0.0190042 

0.0165105 
0. 0135251 

1 Source: Table XIII-3, p. 189 (7). 
~Source: Table C-1, p. C-3, (~):-

System 

State primary: 
Rural 
Urban 

County-trunk 
City-arterial 

Iowa2 

County- Federal and local 
City-Access 
Total: 

Rural 
Urban 

Cost per 
Vehicle- Mile 

($) 

0. 0118406 
0.0142687 

0. 0230602 
0.0119393 

0.0353528 
0.0307590 

0. 0180721 
0.0166816 

interest-rate or rate-of-return factor can have a pronounced effect, as was amply 
demonstrated in the analysis made for the Highway Cost Allocation Study; for example, 
the discussion and accompanying tables, pp. 141-145 (1). 

It is essential, then, that due consideration be given to the quality and reasonableness 
of the program-cost or annual-expenditure data available before an earnings-credit cal­
culation is attempted. The desirability of including interest or rate-of-return factors in 
the analysis should also be given careful attention. The inclusion of such factors is 
proper and sometimes necessary, but their possible effects on the findings should be 
thoroughly understood. 

Effects of Highway Classification. -The findings of the earnings-credit analysis are 
especially susceptible to aberrations in the highway classification scheme used. Thus, 
inclusion of extensive mileages of low traffic importance in the primary system will 
tend to increase the proportional responsibility of motor-vehicle users, whereas the in­
clusion of high- density roads and streets in the tertiary system will tend to increase the 
per-mile costs of access roads and streets developed in the bottom-drawer analysis. 
A less drastic but nonetheless apparent effect will result from the inclusion in the inter­
mediate grouping of roads or streets that belong either in the primary category or in 
the land-access category. 

In several States that have undertaken earnings-credit analyses such classification 
problems aro.se and, where it was not possible to rectify the situation, the findings of 
the analysis were considerably affected, even to rendering them questionable in some 
aspects. The modification in the highway classification adopted for the Highway Cost 
Allocation Study analysis was an ingenious approach to this problem, and is one that should 
be available in most States ( 1, pp. 13 5-13 6). It is worthy ofadoption wherever possible. 

Modified Compromise Solution. -Some objection has been raised to the usual type of 
compromise s olution developed for the earnings-credit analyses. Another that has been 
proposed would attempt to overcome most of these criticisms by retaining the user 



TABLE 12 

HIGHWAY COST ALLOCATION STUDY : EARNINGS-CREDIT ANALYSIS-CAPITAL COSTS, ALL SYSTEMS, RURAL AND URBAN 
(Modified Compromise Solution) 

User Share, Top-Drawer Nonuser Share, Allocations/Costs 
Solutiona Bottom-Drawerb Total Avg. Annual (million $) Adjustments Highway System Surface Type Allocations Capital Costs (million$) 

Dollars/Mile Total Dollars Total Dollars (million$) (million$) Excesses Deficits (million$) (million$) 

Interstate All 22. 7 
Other FAP All 137. 0 --- ---

Subtotal 15, 533 3,979.7 159. 7 4,139.4 3,979.7 159.7 -159. 7 

FA secondary lilgh 4,971 1,012. 7 126. 9 
Intermediate 603 179. 5 185. 4 
Low _ill. ~ 81. 3 --- - -- -- -- --

Subtotal 1,916 1,210.4 393.6 1,604.0 1, 991.1 - 387.1 +285. 6 

All FA 5,846 5,190.1 553. 3 5,743.4 5,970.8 227. 4 +125. 9 
Other State highways High 

Intermediate 
Low 

Subtotal 3,234 266.2 51. 3 317. 5 547.4 ~ 229. 9 +229. 9 

Local roads and streets High 
Intermediate 
Low 

Subtotal 783 2,086.7 1,660.1 3,746.8 3,391. 0 355. 8 -355. 8 

All non-FA 857 2,352.9 1,711.4 4,064.3 3,938.4 125. 9 -125. 9 
All roads and streets 2,076 7,543.0 2,264.7 9,807.7 9,909.2 101. 5 -

"$0.006582118 for all OW'taoe types. 
b$523.l8l for all surface types 

Net from 
Other Sources 

(million$) 

101. 5 

101. 5 

101. 5 

.... 
U1 
-:i 
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share at the top-drawer solution level and the nonuser share at the bottom-drawer 
solution level, and would undertake to make all of the necessary adjustments in the al­
location for secondary roads and streets. This is shown in Table 12 in which this type 
of analysis has been applied to the capital costs of all systems, both rural and urban, 
determined for the Highway Cost Allocation Study. The total program costs and the 
costs by systems are those shown in Table III-g-3, p. 137 (1). The modified compro­
mise is worked out in the last four columns at the right-hand side of the table. 

The nature of the information available in Table III-G-3 imposed certain limitations 
on this analysis. Thus, it had to be assumed that the so-called "primary" system - to 
be supported entirely from user earnings - would be composed of the biter state and other 
Federal-aid primary highways as given in the table. The user cost of fully supporting 
the capital outlay program for this system was determined to be $ 0. 00658 + per vehicle­
mile. This earnings rate was applied to all systems as set up in the table and produced 
the "dollars per mile" and the "total dollars" of earnings shown. 

The amount per route-mile necessary to support the local roads and streets was cal­
culated by dividing the total capital costs for the intermediate-type and low-type seg­
ments of "other local roads and streets, " and was found to be $ 623. 18. The "total 
dollars" column indicates, by systems, the gross expected from this source. 

The amounts shown in the "total allocations" column are, for each system, the sum 
of the calculated motor-vehicle earnings at the $ 0. 00658 rate and the nonuser share 
calculated by multiplying the route miles on the system by the $623. 18 rate per mile. 
When these figures are compared with those shown in the "average annual capital costs" 
column it can be observed that total allocations exceed the annual capital costs for two 
of the system groups for which subtotals are shown, and annual capital requirements 
exceed total allocations for the other two. Also, total annual requirements exceed total 
allocations by $101. 5 million. 

In making the "adjustments" shown in the next-to-last column of Table 12, the follow­
ing assumptions were made: 

1. All primary systems would be under direct supervision and control of the State 
highway department. 

2. Part of the roads on the Federal-aid secondary system would be under State con­
trol, and others would be under the control of counties or local units. 

3. "Other State highways" would be under direct control of the State highway depart­
ment. 

4. All so-called local roads and streets would be under the control of counties or 
local governments. 

5. The user share, to be collected through imposts on motor vehicle users, would 
be collected by the Federal and State governments. 

6. The nonuser's share, to be collected at the rate of $623. 18 per route-mile of all 
roads and streets, would be collected entirely by counties and/or local jurisdictions. 

These assumptions are retiected m the adjustments made. It was assumed that the 
State highway departments would spend the State motor-vehicle-user revenues and 
Federal aids received to defray the total annual costs of the primary system, and to the 
extent justified by "earnings" (including Federal aid), on the other State highways and 
Federal-aid secondary highways under State jurisdiction. On the other hand the 
counties and local units would be expected to apply the funds collected from their own 
revenue sources to meet the non-motor-vehicle-user share of the requirements of 
local roads and streets (the entire cost), and would also spend these revenues at the 
predetermined mileage rate on secondary roads and streets under their jurisdiction. 

This would mean, in effect, that the State highway departments would forego all non­
user "earnings" on the primary system and on other State highways, allowing the coun­
ties and local units who collect them to apply these funds where deficits would be found 
to exist on roads and streets under their control. It would also be assumed that the 
States would retain and apply to "other State highways" and secondary roads under their 
jurisdiction incomes from motor-vehicle-user taxes sufficient to overcome the deficits 
between motor-vehicle-user taxes earned on those highways and the amounts required 
for annual capital costs. 
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At the levels of earnings and capital requirements given in Table 12, the result 
would be complete financing of all systems (as there classified) except for the Federal­
aid secondary. For these roads and streets, it was found that even after allocating all 
excesses of both user-tax earnings and nonuser collections, a net annual deficiency of 
$101. 5 million would still remain. Funds to meet these deficiencies would need to be 
drawn from sources not included in this table, such as the general revenue funds of the 
governmental agencies responsible for the roads and streets in question. Just what 
agencies these would be cannot be determined precisely from the data available for this 
analysis because no separation was made between Federal-aid secondary highways ad­
ministered by the state highway departments and those administered by other jurisdic­
tions. 

It is obvious that this particular analysis will work satisfactorily only when the allo­
cations produced by the top- and bottom-drawer calculations do not produce quite enough 
revenue to finance the entire program. 

When it is calculated that the totals of responsibility, as determined in the top-drawer so­
lution, and of access responsibility, as determined in the bottom-drawer solution, exceed 
the total amount needed, the compromise can, probably, be made best as was· done for the 
Highway Cost Allocation Study. 

Treatment of Federal Aid in State Studies. -The proper treatment of Federal highway aid 
has always presented a major problem in State studies of highway cost allocation. Before 
passage of the 1956 Federal highway legislation, when aid for highways was paid from the 
general revenues of the Federal Government, and when the levels of aid payments were much 
lower than they now are, it was customary (but not universal practice) to deduct an amount 
equal to expected Federal aid from the program costs of the road systems affected before un­
dertaking any allocation of costs between users and others. Since enactment of the 1956 legis­
lation, however, the proper treatment of Federal aid in State analyses has become a very con­
troversial matter, with eminent authorities lined up on either side of the issue. 

The principal arguments for inclusion of Federal aid in the State analysis appear to 
be that (a) inasmuch as such aid is now paid from the proceeds of motor-vehicle-user 
taxation, account should be taken of this contribution in calculating the allocation to 
highway users at the State level; and (b) the level of Federal aid received on a very 
small portion of the primary system (the Interstate highways) is so high that to omit this 
segment in the earnings-credit analysis will result in understating the level of user con­
tributions required. On the other hand, the staff of the Highway Cost Allocation Study 
(!, p. 18) took the following position: 

In the conduct of an earnings-credit study (or, indeed, any 
study of the highway cost allocation problem) in an individual 
State the customary practice is to deduct anticipated Federal-aid 
funds from the data on program costs, so that only the net costs 
to the State and its civil subdivisions will be involved in the 
solution. Only in the conduct of an earnings-credit study on a 
nationwide basis is it feasible to take account of the entire 
package of highway costs. 

During the six years that have elapsed since passage of the 1956 Act, the authors of 
this paper have rendered technical assistance on highway cost allocation studies made 
in several States. It has been their observation that to omit Federal aid from the initial 
determination of vehicle-user responsibility results in levels of such responsibility that 
are entirely unrealistic (too low) in most instances. Therefore, they have recommended 
that Federal aid be left in for the calculation of the burdens to be allocated between 
users and others. The allocation of costs among various classes of vehicles also in­
cludes Federal aid but the vehicles are given credit for the Federal taxes paid by each 
type, which, in effect, offsets the Federal aid involved. 

CONCLUSION 

Highway economists, especially those concerned with taxation and finance, are 
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sometimes inclined to be pessimistic about the outlook for developing theoretically 
sound and foolproof methods for the allocation of highway costs between users and 
others, not to mention the allocation of such costs among the various groups of users. 
They are even inclined to feel, sometimes, that no significant progress in either theory 
or methodology has been made in recent years, and that further penetrating studies of the 
questions involved would be of little avail. Even such a competent and well-regarded 
authority as Zettel took this position in the panel discussion, previously referred to, 
before the Committee on Highway Finance held during the October 1961 meeting of the 
American Association of State Highway Officials, when he said: 

It seems to me that there is not much point in making any­
more studies of the kind that have been made in the States, or in 
the Section 210 Study, until we can find some way of getting 
authoritative agreement on what. , • we are trying to do in the 
area of highway financing and taxation. I have hopes that the 
National Tax Association's Subcommittee on Federal Excise Taxation 
mRy de.vA1op .something along these lines .1 dealing with both excises 
and highway-user taxes. 

At the present time, it is almost ridiculous to carry alloca­
tion of costs of highways between users and nonusers to a second 
decimal point when we can't even agree whether $20 billion worth 
of automotive excises are general taxes or highway-user taxes. 
If we don't agree on this, our attempts to get arithmetical ac­
curacy in cost allocations are pretty much nonsense. 

The authors of this paper are not as pessimistic as Zettel seems to be. Although they 
agree that there seems at present to be no single correct or even best answer to some 
cif the fundamental questions of highway cost allocation, and recognize that there is 
room for argument about the treatment of certain excise taxes, they are convinced that 
satisfactory empirical approaches to solution of the problem can be made as has been 
done at both Federal and State levels in recent years. After all, the proble,ms of fund­
raising for highways that face legislative bodies and executives at Federal and State 
levels cannot be deferred until the public finance theorists can agree on some of the 
more esoteric points involved in such analyses. The authors of this paper believe that 
the additional data now available in all the States, and accordingly to the Federal Gov­
ernment, make it possible to do a much more theoretically sound and practically satis­
fying job of allocating highway costs than has been possible at any time in the past. 

Also, the relative-use and earnings-credit analyses offer two of the best available 
means of allocating highway costs between users and others. Until better and more 
practical methods are available, the authors will continue to recommend that those who 
h,:a•u.c, 4-ha ,...ci,c,nri.no.;h·H-i+n n.f nnA.o.,..+ .... 1,...;nrr ,,.,..Cl+ .... 11,..,...,....+.;"'n c,4, .. A;nC'I n+ +hn C'+ .... 4-n ln.,Tn.1 ..,+.;1.;'7,.., 
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at least two methods of cost allocation between users and others, and that careful con­
sideration be given to using these two methods. Additional methods could also be used 
if the local circumstances appear to warrant it. 

It has been observed that past studies have sometimes failed to be most effective be­
cause they have presented several allocation bases without recommending any particu­
lar one or a means of combining their results. It is recognized that when the investi­
gators find no special virtue in any one method of allocation they would hesitate to 
recommend it over others. Consequently, the mediation approach adopted by the staff 
of the Highway Cost Allocation Study has much to recommend it under such circum­
stances. A procedure adopted for mediation between the relative-use and the earnings­
credit findings is described elsewhere (.!, pp. 146-147). 
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Non user Benefits from Highways 

SIDNEY GOLDSTEIN, Chief, Socio-Economic Research Branch, U.S. Bureau of Pub-
lic Roads 

The paper evaluates the concept of nonuser benefits. It presents 
evidence obtained from economic impact studies of such benefits 
in the nature of advantages to land-use patterns and to land values 
and other indirect beneficiaries of highway improvements. It de­
scribes these various fields on which highway benefits impinge and 
focuses on some specific areas of benefit such as land values and 
ind.1_11,tri"l ;:ind commercial development. 

The scope of the economic impact studies is described as well 
as the shortcomings of this approach wherever relevant, especial­
ly in relation to the quantification of such indirect benefits. Some 
of the theoretical means proposed by various researchers to quan­
tify and account for these benefits are delineated. 

•THE LITERATURE of highway research abounds with the concept of benefit measure­
ment. This concept follows the tradition that, at its very least, a public works facility 
should indicate an order of "benefit" to the community at large. For this reason, leg­
islatures apportion part of their tax funds to the provision of social overhead items for 
the community. The assumption is made, implicitly or explicitly, that investment in 
social overhead furnishes immediate benefits to a community at large and provides the 
means for increasing the stream of future benefits to the community. 

Yet, the placing of any particular public works improvement (e . g., highways) re­
sults in a change in the traditional relationship of people to commodities and services 
and affects their demands for particular items because of time-distance factors, cost 
factors , and spatial rearrangements in general. As one commentator (!) has stated, 

••• the cont ribution of soc i al overhead t o increase pr oductivity 
i s widely acknowledged, but its exact i mportance is hard to 
assess •••• Nevertheless, the marginal contr ibution of good 
schools, an efficient r oad and highway syst em, reli able water 
supply and ut ilities and even r ecreational f acilities may be 
decisive in the improvement of productivity. Though not pre­
cise , the evidence to this effect is suffi ciently convincing 
t o entrepreneurs to cause them to give these factors sub stantial 
weight in selecting localities for investment. 

Through the years, in public works research, it has become conventional to sepa­
rate user benefits from nonuser benefits. The rationale is that an individual should 
financially support public facilities according to the benefit that he receives from them; 
this has been interpreted by many to mean according to his use of such facilities. 

Yet, in addition to benefit enjoyment by those who use a facility, there are advan­
tages that accrue to particular types of business and parcels of land only because of 
their location near the facility. Thus, the advantage that accrues to such economic 
entities appears at least to be different in nature and locale from the advantage that ac­
crues to the user of the highway facility. 

In attempting to evaluate these separate means of identifying and measuring benefits, 
one needs to be aware of the pitfalls of double-counting benefits and measurement of 
transfers of economic activity, suggested by some researchers. others find a suffi-
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cient difference in type and magnitude of such benefits, thus reinforcing their belief 
that these nonuser benefits are proper objects of taxation, in an effort to recoup for the 
community any undue advantage accruing to such beneficiaries. These theories and 
others are discussed later. 

Nonuser benefits from highway improvements as used in this paper encompass var­
ious broad elements of social and economic life, as well as some fairly restricted ones. 
At the very least, advantages or disadvantages that flow to an individual or a community 
from a highway improvement might include drainage, view, and amenity changes of var­
ious sorts. At the other extreme, they could include such items as the benefits accru­
ing to industry, commerce, and residence, in rural and urban areas. In addition, they 
might include benefits to specific groups such as landowners, or separable benefits 
such as to public utilities and to outdoor advertisers for the use of highway right-of­
way. 

TYPES OF IMPACT RESEARCH 

The Bureau of Public Roads has recently had the occasion to analyze the concept of 
nonuser benefits and to summarize the research materials on this subject in the High­
way Cost Allocation Study (2, 3) which the Bureau recently submitted to the U.S. Con­
gress. One of its objectives was the identification and measurement of these nonuser 
benefits. 

The attempt to define and quantify "nonuser benefits" led into many byways of re­
search activity. Thus, it was obvious that some representation of highway effects on 
urban and rural communities would be required. It was likewise obvious that in a 
mobile and dynamic system like that in the United States, the benefit that could be re­
lated to highways alone, apart from its integral relationship with other activities, would 
be difficult to assess. 

One recognizes that it might be possible to evaluate the benefits accruing to the Na­
tion as a whole from highway construction at one point in time. Thus, a detailed snap­
shot grid of input-output data could indicate the effects of highway construction expend­
itures on the primary and derivative purchases of labor, materials, and capital equip­
ment by all supplying industries. Such an estimate would not deal, however, with the 
dynamic results that might occur from each of these purchases in stimulating reloca­
tion of activities, in changing space demands, or in any way altering the straight-line 
linkage patterns already in existence in the basic framework. In such a construction­
induced multiplier, a dollar of investment on highway transportation would not be diff­
erent from a dollar of investment on any other form of investment activity. 

Although on the surface there appear to be no essential differences in the results 
emanating from ordinary investment expenditures versus highway expenditures, such 
an estimate would not indicate what would happen to the local structure of economic 
activity. The Corporation for Economic and Industrial Research (CEIR) of Arlington, 
Va., made some preliminary estimates of this nature which would indicate the magni­
tude of the investment multiplier associated with the expenditure of an assumed amount 
of highway construction funds per year in the United States as a whole. 

This research firm estimated the effect of the investment in highways of an assumed 
$4 billion per year in 1947 prices. Material and service requirements were generated 
directly and indirectly throughout the economy so as to multiply the original expenditures 
between two and three times the original investment. A rough computation of annual 
business generated for each of 192 industries shows annual volumes of $400 million for 
structural metal products down to $100, 000 for motion picture products (in 1947 prices). 
The major impact is, of course, in steel, cement, aggregates, and petroleum products 
(4, pp. 37-40, Appendix B). 
- In addition to such effect on material requirements throughout the economy, there 
are all sorts of investments that occur through the reorganization of economic facilities 
and the increased efficiencies that occur. Better accessibility, time and distance 
savings, and many other factors, of course, inspire such new investment, and each 
such increment has its own ramifications throughout the economy. These ramifications 
are familiar in terms of what has happened along Mass. 128, Dallas Expressway, the 
California freeways, and various other facilities. Furthermore, these estimates would 
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give no indication of the upgrading of land use and, hence, values that accompany the 
placement of highway facilities. 

To obtain representative coverage of the United States on the local effects of highway 
improvements, research efforts by State highway departments through their universities 
were accelerated in a program of economic impact research. Because of the emphasis 
on controlled-access facilities in recent years, as in the Interstate System, there were 
a number of studies that had been completed in Texas, California, and other States in 
which these types of facilities were already in existence. In order not to omit the rural 
aspects of highway impact, a number of studies of this nature were sponsored. 

The spread of economic impact research can be seen in two bibliographies on this 
subject prepared by the Virginia Council of Highway Investigation and Research (5, 6) 
for 1956 and 1961. The ~956 bibliography on economic impact research listed only 90 
references, of which 30 were legal and right-of-way items. The bulk of the remaining 
references was concerned with work completed in the State of California and especially 
with bypasses. The similar bibliography prepared during 1961 consisted of 451 items, 
with some 300 authors identified by name. 

In the urban areas, impact has been evaluated in cities like San Antonio and Dallas, 
Texas; Minneapolis, Minn.; Oakland, Calif.; and Richmond, Va.; rural trading centers 
have also been represented. 

Beginning with the 1920's, the interest in highway impact was noted in rural areas. 
More recently, perhaps a decade ago, a number of studies were undertaken of individual 
highway facilities. These studies were associated with a variety of highway problems, 
including right-of-way acquisition, public hearings, route location, cost allocation, 
design, public relations, and similar aspects of highway work. Today, there are over 
100 completed economic impact studies that have been sponsored by State highway de­
partments and the Bureau of Public Roads and an additional 40 that are in progress. 
Almost every State is represented in this research. 

In only a few instances are the State highway departments themselves, with their 
own personnel, engaged in the complex research involved. In several cases, special 
consultants have been retained by the State highway departments. In the vast majority 
of cases, universities have carried on this work. In several instances, the Bureau of 
Public Roads itself sponsored inquiries on particular phases of nationwide scope. 

Description oJ: Studies 

The studies on which much of Part VI (dealing with nonvehicular benefits) of the 
Highway Cost Allocation Study was based depended on various kinds of research approach­
es. In general, the methodology encompasses a "before and after" technique-an analy­
sis of some period before a highway improvement compared with a period after the 
completion of the improvement. Evaluation (7) of the data compiled indicates the trend 
of economic events associated with these highway improvements. 

Becanse of differenl'.es in periods of road r.onstruction and research projects, re­
sults are not exactly comparable in time. Little study experience is available for 
sections of the Interstate System because of the recency of much of this construction. 
However, wherever possible, data have been developed for highways of a similar type 
(that is, of the limited-access variety) as well as for more conventional types of facili­
ties. Consequently, in the material presented in this report there is a substantial de­
pendence on highway experience in such States as Massachusetts, California, and New 
York as well as other States that have had significant experience with limited-access 
facilities which have been studied and recorded. Many of these research efforts in­
volve such facilities as the Boston Circumferential Highway, the Connecticut Turnpike, 
the Atlanta Expressway, the Edens Expressway in the Chicago metropolitan area, the 
California freeways, the Lexington, Ky., Belt Line, the Watterson Expressway in 
Louisville, the Dallas Expressway. Highways of conventional design (in terms of ac­
cess control) and secondary roads constitute the subjects for study in a number of 
instances. Bypass studies are also strongly emphasized. The studies were made in 
urban areas, small communities, and rural areas. A number of the more recent studies 
are concerned with regional influences of highway transportation. In studies such as 
the Boston Inner Loop Study, attempts were made to assess all the regional influences 
so that the net effects can be approximated. 
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To the degree that these studies isolate the impact of highway improvements on eco­
nomic activity, they provide a measure of the manner in which the improvements in­
fluence a community's economic structure. The procedures used in answering ques­
tions posed by these studies range from the collection and analysis of field data to var­
ious deductive and mathematical approaches. Various methods have been used in 
quantifying data. 

These studies generally attempt to filter out the highway influence. This has been 
accomplished, at least to a limited extent, through a device generally used in other 
sciences, namely, the "study" and "control" area or "study" and "control" influence 
zones. Admittedly, such a technique, by itself, omits the wide ramifications trace­
able to a highway improvement or to an entire highway network. It does, however, 
furnish information on the economic influence generated by the highway for the area 
under study. This method is, of course, most useful in smaller communities, least 
subject to outside influences. 

The subject matter in these studies varies widely. Most of it has been concerned 
with the highway influence on land use (physical use as well as the economic activity 
which reflects the use) and the influences on the land values near a particular highway 
facility. Included with these are the advantages accruing to public utilities from the 
use of highway right-of-way, the impact of the highway influence on various public ser­
vices, and other community influences. As previously indicated, economic impact re­
search has resulted in representative studies of various kinds of highway facilities, so 
that the influence of modern-type, limited-access facilities and bypass routes can be 
distinguished from the conventional, urban highways or farm-to-market roads. 

It is perhaps fortunate that the nature of these studies varies widely. In addition to 
the subjects enumerated, some studies contain an analysis of general economic effects. 
Some concentrate on retail and industrial aspects, others on recreation, others on tax 
bases, special assessments, public utilities, still others on residence. Aspects of 
small communities have been stressed in several instances. The impact of highway 
improvements on agriculture is dealt with in special studies. 

Information Analyzed 

In any analysis of change, as in the economic impact studies, the mixture of possi­
bilities in commercial, industrial, and personal reorganization is very great. In some 
instances, the net benefit to a community from the highway improvement is clear. In 
other cases, it has been necessary to standardize some important items such as the 
study areas, zones, time periods, and historical growth patterns in order to approxi­
mate the impact. In still other situations, the highway influence is not entirely clear. 

For the purposes of the Highway Cost Allocation Study, the advantages and detri­
ments of highway improvement to all groups other than motor vehicle users were analyz­
ed as a widely diffused bundle of effects which permeate the entire economic and social 
system, and come to rest in particular urban, rural, and other communities. The ex­
penditure of funds for highway improvements serves as an infusion of highway invest­
ment into the economy which reverberates throughout all industries, their labor forces, 
their spending patterns, etc. 

The very nature of highway improvement, however, serves to reorganize local ac­
tivity. These improvements have a tendency to cluster development about them. They 
aid in channeling economic growth along specific locations and, in addition, they make 
it possible to reduce industrial costs (through transportation savings) and thus aid in 
the more efficient distribution of economic resources. 

In dealing with local communities, however, it is extremely difficult to ferret out 
what some have called the "net" benefits to an area derived from the highway improve­
ments. Communities blessed with an abundance of natural resources, skilled labor, 
etc., have better opportunities to attract economic growth immediately into their areas. 
Other communities, of course, do not have such opportunities to the same extent. It 
is only in very special cases that improvements in transportation can furnish equal ad­
vantage to all areas. As Garrison (_!!) has remarked: 
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The very nature of specialization and the geographic system means a 
differentiation of benefits among places, and therefore it is very 
important to keep in mind the fact that benefits from transportation 
improvements are almost always differentiated geographically as well 
as in more obvious ways. By more obvious ways, we refer to differ­
entiation among industries, among kinds of highway users, among kinds 
of transportation, and the other things. 

It is precisely this approach to analyzing the different kinds of benefits or detriments 
that accrue to differentiated geographic entities from highway improvements that was 
taken in this analysis. 

It would only be fair to say that no valid assumptions can be made that a particular 
type of highway improvement will lead inevitably to a particular set of consequences. 
No assurance can be given, for example, that widening a two-lane highway to a four­
lane facility will result in traffic flows of some given amount, or land value increases 
of some given amount. All results are dependent on the economic and social activities 
served by the highway and whether these are responsive to the particular highway im­
provement. The nature of the impact is determined by both the type of transportation 
systems developed and the existing complex of cultural interrelationships associated 
with transportation demand (8). 

Because transportation is conditioned by the arrangement of land uses, and because 
the arrangement of land uses, in turn, is conditioned by the nature and quality of trans­
portation service, the studies cited make available knowledge of the structure of the 
dependence and interrelationship of various individual and business uses by different 
kinds of highway improvements. These studies provide clues to the highway benefits 
derived by households and business and industrial firms. These benefits arise from 
the increased use of lower cost transportation as well as from possibilities for the 
m9re efficient operation of vehicles, firms, and households. Thus, both vehicular and 
nonvehicular benefits occur. Non vehicular benefits are associated with the influence 
of highway improvements when other conditions are ripe for such effects. 

CONCEPTS OF NONUSER BENEFITS 

There were a number of theoretical attempts to measure the "net" nonuser benefits 
from highway improvements. In the normal pattern, some activities in an area are 
declining, whereas other activities are gaining as the result of competitive forces alone. 
Grafted atop these usual variations are changes introduced through the advantages given 
to one area over another by a highway improvement. It is necessary to separate or 
"net" the gains attributable to the highway; the "control" area mechanism affords one 
means to accomplish this task. 

A major problem to be faced in this endeavor is that of the redistribution of eco­
nomic activity or the transfer of activity that may be stimulated by the new advantageous 
iocations abutiing the highway. Although this activity might have come to rest else­
where but for the new highway, belief in a dynamic system impels one, however, to 
reason th~t a portion of the new activity was stimulated by the highway investment; it 
might never have resulted elsewhere. 

Various researchers have reasoned that it is more appropriate to count the benefits 
accruing from a highway improvement through an identification of the amount of high­
way use. The savings attributable to the users would, they feel, provide the entire 
economic benefit to an area. This dichotomy between user and nonuser benefits has 
led some commentators to suggest that this is a double entry type of arrangement. 
Various user benefits have been identified, such as reduced operating costs, reductions 
in the strains of congested driving, reduction in accident costs and time savings; at the 
other end of the spectrum have been the nonuser benefits. The latter have been identi­
fied through the impact studies. These two are difficult to separate inasmuch as both 
types of benefits are linked one to the other. Zettel (9) and others have pointed out that 
the principal benefits accruing to the so-called nonuser interests come by way of motor 
vehicle use. 

These observers believe that reductions in motor vehicle transportation cost may 
be reflected or capitalized in an increase in the value of land to be served by the high-
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way improvement. Also, the expectation of transport savings may induce investments 
at the terminal points or interchanges of a major highway facility. These researchers 
believe that any attempt to add these together may result in "double counting" of bene­
fits. 

Northwestern University's Transportation Center (10), in a framework study con­
ducted for the U.S. Bureau of Public Roads, examinedthe increase in highway use at­
tributable to a new highway facility. They believed that the increased accessibility to 
land attributable to the highway can be valued in user savings which are capitalized in 
land. They proceeded to adjust some early data developed by Wheeler (11) in connec­
tion with the Floating Bridge in the State of Washington and obtained results that they 
feel reasonably approximate user savings. This led to the reference that, if all data 
were treated in this fashion, it would be possible to prove that the measurement of 
quantitative benefit of use and of nonuse (land values) would tend to be the same. 

Though no one would deny that many of the benefits from highway improvements 
reach the public via motor vehicle use, the mere adding up of benefits, even if possible, 
would not give a true indication of the total benefit. The total amount of nonuser bene­
fits would tend to be greater than any amount that could be calculated by user savings 
because of the "multiplier" effect on the flow of highway benefits to the user which 
proliferates into all elements of the economic and social systems. In addition to these 
effects, one would also have to value the "separable" benefits accruing to public utilities, 
outdoor advertisers, etc. 

Inasmuch as the benefits of highway construction tend to extend in all directions, 
some researchers have suggested that some part of highway investment should be sup­
ported by taxation for general fund purposes rather than by taxation based on highway 
use alone. 

Peterson (12) and others (10) believe that a highway investment is, in essence, like 
any other kind of investment that has economy-wide ramifications. There is a major 
difference, however, between the impact of highway improvements and other forms of 
investment. Because transportation is so significant in personal, commercial, and in­
dustrial lives, any alteration of this element of space and location will tend to affect 
the ordering of economic and social activities. 

Other researchers are concerned with locating the highway benefit through the use 
of a commercial or pricing approach or marginal cost pricing (13, 14) or measurement 
of welfare (15) in order to recoup the outlay for highway investment in whole or in part. 

There is one current concept that is fairly close to the belief that nonusers should 
support highways. Hennes (16) of the University of Washington has labeled this the 
"motivation" approach. He finds that highway improvements are often made because 
of pressures from realtors, developers, etc., who stand to gain, and should, there­
fore, be taxed for the social contribution to their private gain. Following this approach 
leads into the thought that highway planning needs to be coordinated with comprehensive 
master planning of land use because highways tend to create regrouping of economic 
and social activities. 

As previously expressed, not all indirect benefits can be accounted for by savings 
in transportation. A number of researchers, Garrison, Tinbergen, Bos and Koyck, 
and others, have found that transportation savings induce other changes that induce 
increases in output above the magnitude of the savings. 

Starting from the criterion that the only net benefit to the society that accrues from 
highway investment is one that contributes a social dividend, Garrison has pointed to 
the element of reorganization benefits. These concern a new arrangement of resources 
that imply a certain efficient allocation. 

In analytical papers developed in 1957 by Tinbergen (17, 18) of Harvard University 
and one year later by Bos and Koyck (19), an input-output analysis was prepared. This 
procedure set up a static model in terms of present costs, prices, and volumes of pro­
duction. A road improvement program was stipulated. This reduced some transporta­
tion costs and the effect of this was traced to the total output. This "before" and "after" 
change is assumed to be a yardstick of the value of the road to the economy. There 
were two assumptions made by Tinbergen as to degree of elasticity and two by Bos and 
Koyck as to costs and prices. Tinbergen's analyses gave a multiplier of 1. 9 and 3. 8; 
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thus, the increase in National income would be 1. 9 or 3. 8 times the reduction in trans­
portation costs; Bos and Koyck calculated benefit values of 10. 52 and 1. 52. Thus, 
traditional methods highly underestimate the value of a new road. 

Also, in the Northwestern University study, attention was directed to the "benefit on 
existing highway use" and transportation savings resulting from the substitution of trans­
portation-intensive methods of output. These user savings did not take account of econ­
omies of scale that may result from larger plants or reduced unit production costs. 
Mohring and Williamson (20) tried to deal with this and found a savings because of re­
duction in trucking costs of 88. 7 percent as an "existing use benefit" and of 11. 3 per­
cent as "reorganization benefits." The Northwestern researchers point out that the 
phenomenon of induced investment is characteristic of all types of investment and is 
not necessarily associated with highway investment alone. In addition, Harwitz attempt­
ed to define a multiregional programing model in the Northwestern study in order to 
delineate impact between regions. The data and theory problems here made it rather 
difficult to implement this model. 

All the model formulations described here dealt with truck use and were not con­
cerned with the bulk of highway transport, which is passenger transportation. 

These input-output model analyses have demonstrated a benefit to society over and 
above the savings in transportation costs, indicating that an element of nonuser benefit 
exists which is not reached by the user analyses. One commentator (~, p. 60) using 
this type of analysis in a slightly different field has stated: 

••• conceptually, although not empirically, one of the simplest 
ways to describe a community's economic activities is to show 
the local inter-industry relations in some given historical 
period. Such a "snapshot" picture can be used to determine, 
for a particular period, the impact of any given transaction 
upon each sector in the local economy; it can be used to de­
scribe how the benefits or injury of any transaction are dis­
tributed among the various local industries; it can be used 
to assess the relative importance of each sector to community 
welfare. 

The input-output approach is certainly a systematic means of determining dollar 
impact on sectors of the economy. It is, however, not easily translatable into the 
size, nature, and location of the specific activities and their relevance to highway 
transportation. It is a means of finding the effect of investment expenditures either by 
Government or private industry on the material, service, and labor inputs of each in­
dustry so that total direct and indirect effects of such expenditures can be accounted 
for. Any activity which is different in nature from what had preceded the establish­
ment of the basic input-output chart would be ignored in this analysis. Through the 
input-output system of accounts one could trace the changes stimulated by highway in­
vestment. Despite the limitations of this method, it is possible to work out the full 
incidence of the investment in the community at large. Spatially, however, the locations 
of incidence would have to be placed through other analytical means. 

The usual input-output analysis of this type does not concern itself, of course, with 
the land value phenomenon. The latter is considered a transfer and hence is not in­
cluded in the activity measures. To the extent, however, that changes in income to 
individuals occur, whether they be through land sales or any other way in a locality, 
they affect consumption expenditures in an area and may redirect other investments 
in the area. 

The most discouraging feature of the use of input-output accounting is that local 
data are not available in proper form and they are expensive to collect; even the National 
data are more than a decade behind present times. Thus, the 1947 U.S. Bureau of 
Labor Statistics National chart of interindustry relationships, which has built in it 
1947 price, productivity, and technological constraints, is being used by some as rep­
resentative of present-day National and local economic structures. 

Although a 1958 chart is being developed by the U.S. Department of Commerce, it 
is questionable whether these National coefficients would be relevant on a lower level 
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of application than regional analysis. In the case of local product accounting, consider­
able advances are being made to the State level, at least. 

Research in local use (22, 23) of many of the social accounting systems is still in 
its infancy. The major advantage of these systems is that they place data in an under­
standable and interrelated fashion for quantification. 

ECONOMIC IMPACT FINDINGS 

The various model analyses indicate what might be involved in a rigorous delineation 
of the benefits to nonusers. Although these hypothetical models provide some under­
standing of the analytical elements to be weighed in the consideration of nonuser bene­
fits if interpreted as a net social dividend, they lack empirical verification. 

What is immediately evident in any study of highway effects is the extent of resource 
rearrangements that occur near highways. In the following pages, some of the major 
findings with reference to the industrial, commercial, and land value effects of highway 
construction have been summarized. There are many other findings that can be alluded 
to only very generally in this paper, especially those regarding the social effects of 
highway improvements. 

Such subjects as the importance of highways to farm life, residential development, 
and public services were discussed at the 1962 Highway Research Board Annual Meet­
ing. A considerable amount of material was presented on two important subjects, 
based in the main on research conducted for the Highway Cost Allocation Study: social 
effects of highways (24) and statistical evaluation of the influence of highways on rural 
land values (25). These may be considered as companion pieces to this paper in their 
specialized areas. 

General Effects-Urban and Rural 

The findings from the over 100 economic impact studies which will be specified in 
the following pages detail the highway influences on investment, output, and the general 
scale effects on industry, commerce, and residences. In this summary, it is difficult 
to cite more than a few instances of the magnetic force that highway improvements 
have become for industry and commerce. These are available in the individual impact 
studies. 

Allusion has already been made to the tendency that highway improvements have to 
direct investment into nearby locations. This channeling of investment into highway 
locations apparently occurs because there are situations awaiting a "triggering" by an 
outside agent in order to effectuate a shift; for example, from vacant to industrial land. 
Highways often provide this triggering and, because of the complex linkages between 
industries, the effect of the original investment is multiplied. 

In a dynamic society, resource allocation is constantly shifting in response to 
changing demands. To the extent that highway improvements lead to efficient satis­
faction of basic demands-through the more intensive uses of present resources and 
shifts between present resource combinations-highways contribute a net increment to 
society as a whole. The beneficial effects on production and output associated with the 
increased efficiencies of highway locations have been experienced by enterprises of 
varying types and sizes. 

Many of the larger modern plants locating within highway proximity are able to achieve 
efficient ouput because of internal economies in the use of land, labor, and materials. 
Savings in resource combination can often be realized best at a decentralized location 
near a modern highway where adequate space is available for large-scale operations. 

The possible effect of transportation betterment on the scale or size of an establish­
ment's operations may also be apparent from consideration of production costs. If the 
price of even one variable input rises, the marginal cost of the product at each output 
will rise. This will serve to reduce sales and output, and thus the scale of the enter­
prise will be diminished. At the other extreme, the lowering of transportation costs 
and the rearrangement of resource use, as previously described, tend to lower costs, 
and to increase the size of the enterprise. The magnitude of this size or scale effect 
depends mainly on the degree of importance of the input being considered, and its re­
lationship to the transportation factor. 
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Smaller enterprises, as well as large-scale operations, often realize substantial in­
creases in efficiency as a result of highway improvements. Benefits accruing to small 
enterprises include such highway-associated savings as faster deliveries and more ef­
ficient storage and warehousing. 

Many of the economies provided by highways are, of course, external to the plant 
itself-whether the establishment is large or small. Savings in storage and warehousing, 
in marketing, and in recruiting labor, though external or primarily external to the 
plant, all tend to increase plant efficiency. These advantages are often maximized in 
industrial parks and suburban shopping centers-developments which are, of course, 
particularly oriented to highway transportation. Establishments in industrial parks, 
for example, are often able to realize the economies already mentioned, to benefit 
from easy access to the services of other firms in highway locations, and to participate 
in downtown-type, face-to-face contacts in parklike surroundings. Thus, highway im­
provements are associated with changes in investment, output, and in the effect on scale 
of operation. 

Just as highway improvements tend to make possible a different size or scale of 
individual plant and commercial center than that which previously existed, highways 
also provide expanded opportunities for farm investment anct output. Among the general 
effects of the improved accessibility to farming areas provided by modern-type high­
ways are the tendency for farm land near highway locations to become ripe for conver­
sion to higher uses, economies in farm operations, in marketing and in obtaining labor 
and supplies, and improved opportunities for off-farm employment and nonwork associa­
tions. 

These economies in highway transportation, which are, of course, external to the 
farm, may have a number of different consequences. Transportation betterment may, 
for example, tend to reduce the artificial competitive advantage of farm lands near 
market areas by lowering the total costs of farms at some distance from the market. 
Improved transportation may also help improve the character or tone of a rural com­
munity or it may open up opportunities for social, educational, or cultural activities 
that may have been too remote before the existence of a highway improvement. 

Efficiencies in highway transportation may also foster the current trend to larger 
farm enterprises, particularly if there is a reorganization of farm lands as a result of 
acquiring highway right-of-way. This movement to larger farms is, of course, depend­
ent on a number of causes, including modern highway transportation (26). 

Transportation reduces the cost of goods-through the encouragement 
it lends to large-scale production, Large-scale production may exist 
which is not dependent upon cheap transportation. But in many in­
stances large-scale production means that either raw materials or 
finished products must be transported long distances. 

Hie:hwav Benefits to Industrv 

A considerable amount of evidence exists to substantiate that highways have played 
an important role in the development of nearby land for industrial use. 

The outward expansion of industry from congested central business districts to sub­
urban locations is an innovation resulting from many factors. The increase in the use 
of trucks and concomitant lessening of dependence on rail transportation is a major 
cause of the shift of industrial location in suburban areas near large sources of labor. 
Another factor which stimulated suburban industrial development has been the increased 
building of industrial parks which afforded a manufacturer more space at less cost 
while affording him closer proximity to his customers and suppliers, ample parking 
for employees, and less congestion. 

Only a few of the many cases which tend to illustrate the encouragement a modern 
highway can apparently give to new industrial investment are mentioned here: Mass. 128 
near Boston, a circumferential highway, often referred to as the "miracle" highway, 
resulted in opening up vast areas for industrial development. The plants located along 
Mass. 128 represent an enormous amount of investment. By the fall of 1958 over 200 
companies were in operation along the facility and, in addition, many other plants and 
industrial parks were under construction. 
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The demand for land for industrial use along Mass. 128 appeared to have a dynamic 
effect on land use and land values. For example, in Needham, formerly poor land with­
in the complex of the New England industrial center was developed for industrial use; 
the resultant increase in the assessable tax base amounted to $5. 6 million, and 
$300, 000 annually was realized in additional annual taxes. If this same land were de­
veloped residentially, the increase in the tax base would have been about $3% million 
and new taxes would have totaled only $187,000. Of course, this net difference de­
pends on the value of the services required in each instance. 

fu Waltham, almost unusable land was converted to industrial use for plants costing 
$22 million and paying about $400,000 in taxes. Acreage prices responded to heavy 
demand for land after development and rose from $1,000 to $1,500 an acre to about 
$8, 000 an acre. 

Two recent Kentucky studies (27, 28) evaluated the economic effects of two highway 
facilities (one a limited-access highway and the other a free-access belt line) on ad­
jacent properties. The free-access highway was found to have a more positive influence 
in connection with the conversion of land to a higher use than did the expressway. Since 
completion of the Belt Line in 1953 the demand for land along the facility for industrial 
use has continued unabated. Whereas no commercial or industrial activity existed in 
the area before construction of the Belt Line, 40 percent of the area within 500 ft of 
the facility was later developed for commercial or industrial use. 

A recent comparative study of the present and proposed Belt Line routes west of 
the Twin Cities in Minnesota revealed that warehousing and manufacturing development 
are associated to a great extent with highways and railways. Retail and service estab­
lishments, on the other hand, tend to associate themselves with residential density as 
well as with highway traffic. It was found, for example, that 89 percent of the ware­
housing and manufacturing enterprises (with 74 percent of the acreage) were within 
1, 000 ft of a major highway. This association of belt lines and distribution facilities 
has also been encountered around the Capital Beltway in Washington, the Baltimore 
Belt (29) and other circumferential highways because of the accessibility of large 
metropolitan areas from such facilities. 

Another modern highway facility which has attracted a tremendous amount of new 
industrial growth is the New York Thruway (30, 31). Many leading industrial companies 
have constructed multimillion dollar manufacturing complexes within its range of in­
fluence. An executive of one of these companies claimed that the Thruway afforded a 
number of advantages, including better transportation for employees, proximity to 
intercity and interstate truck lines, advertising benefits, and facilitation of establish­
ment of satellite plants. 

The influence of the Eastshore Freeway on industrial development in the San Fran­
cisco-Oakland area has been great. A survey (32) of an area encompassing only 9 per­
cent of the available land in Alameda County suitable for industrial development re­
vealed that in only 7 years (1951-57) this area accounted for over two-fifths of the 
county's expenditures for new industrial development and 30 percent of the total of new 
plants built. When executives of the firms locating adjacent to the Eastshore Freeway 
were asked what motivated them to locate where they did the answers most frequently 
given were (a) the area offered a central location with respect to markets, and (b) ac­
cess to the Eastshore Freeway. 

Highway Influence on fuvestment 

Modern highways, though not encouraging industrial investment in the absence of 
other favorable factors, have in several instances, been able to attract industrial de­
velopment into nearby areas. For example, industrial investment along Mass. 128 
during a recent year amounted to almost two-fifths of all new investment in the Boston 
Metropolitan Area. fu fudiana, almost one-half of the 354 new industrial plants estab­
lished during the past three years are located within a 45-mi band straddling the fu­
diana Turnpike; and during a recent period in Alameda County, Calif., over 40 percent 
of the industrial development occurred within an area most subject to highway influence 
comprising less than 10 percent of the county's industrial acreage. 
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In addition to assisting the development of new or vacant areas, highway improve­
ments ordinarily improve the productive efficiency of established industrial areas. 
Redevelopment projects in a number of cities demonstrate the importance of modern 
highway facilities in preserving or rejuvenating industrial facilities. 

The need for adequate highway transportation in established industrial centers is 
particularly important because of the increasing decentralization of many market areas 
and of industrial activities generally. In Detroit (33) for example, the number of "in­
city" manufacturing establishments increased by 47 percent during a recent eight-year 
period, whereas in the region outside of Detroit the increase was some 220 percent. 
This general decentralization of industry results from such factors as (a) the need for 
space for expansion; (b) easier access to markets, supplies, and labor; (c) desire to 
improve public relations; and (d) savings in storage and inventory. 

Highways of modern design obviously facilitate access to markets and supplies. 
Many firms at freeway sites on the fringe of metropolitan areas are able to serve the 
central city, a large suburban area, and a large hinterland as well. For instance, 
companies located along the Santa Ana Freeway in California have found that it takes 
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former in-town sites. Location close to markets is especially important to industries 
(e.g., bakeries) whose finished product is perishable, whereas material-oriented in­
dustries (e.g., food preserving or cotton ginning and baling) seek improved accessibility 
to supplies. 

Public relations advantages are also a factor in the increasing popularity of highway 
locations away from population centers. Many businessmen value sites near highways 
of modern design because of the opportunity it affords to be seen by the traveling public. 
In addition, decentralized locations often result in savings in storage and inventory 
costs because of the ability to serve a wider area from a single point. 

Industrial Parks 

Decentralization of industry has resulted in the development of industrial districts 
or industrial parks which characteristically place an important reliance on highway 
transportation. There were over 800 of these industrial parks in 1958, ranging in size 
from 17 to 1,700 acres (34, 35). Industrial parks, which are primarily a post-World 
War II development, tendto maximize the advantages of decentralized locations by 
careful control of the use made of land and by facilitating the exchange of services be­
tween neighboring firms. 

Case studies verify the importance of highway factors in industrial location consid­
eration. Of 68 industrial location cases recently studied (~, location factors related to 
highways were considered to be dominant in 23 cases. 

Benefits of Highways to Commercial Activities 

The motor vehicle and technological changes have had far-reaching effects on Ameri­
can retailing patterns and shopping habits. During the past half-century, trading areas 
have undergone tremendous expansion, from a few miles in the beginning of the century 
to 30 to 150 mi presently. Although the number of retailers increased by less than one­
third during the past 20 years, retail trade volume quadrupled and population increased 
by almost 50 percent during this same period. 

The trend toward large retailing operations with limited storage facilities has re­
sulted in increased dependence on large outlying warehouses with rapid and flexible trans­
portation connections with selling outlets. Thus, the motor truck has proven to be an 
integral part in this distributive process while functioning in the added service of home 
delivery. 

According to census data, metropolitan areas have in recent years been outgrowing 
the central cities. One of the outcroppings of this growth as described by both Garrison 
(8) and Horwood (37) has been the rapid development of suburban shopping centers, re­
gional, community, and neighborhood. Because most of the patrons of these shopping 
centers are auto-borne, these business complexes are extremely dependent on good 
highways. This is particularly true in connection with regional shopping centers which 
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depend on trading areas of over 100,000 people in heavily-settled residential areas. 
Almost all choice locations for these centers are located on, or adjacent to, express­

ways. In fact, many of the larger downtown department stores have found it more profit­
able to open branches in regional shopping centers. A survey shows that branches of 
large department and specialty stores in 50 large cities increased from 350 to 644 between 
1952 and 1956. Only 50 of the 644 branches are in city locations and 594 are located in 
shopping centers or other suburban places. Only 9 or 10 percent of the 90 branches 
opened in 1956 are in cities. 

An analysis of profits of seven branch stores in shopping centers by the National Re­
tail Dry Goods Association revealed that none of the branches experienced a loss and 
that the branches showed net profit margins that were higher than those of the downtown 
stores. 

Conventional highways and expressways and freeways differ as to the measure of 
protection they afford established business in cities and towns along the highways. Con­
ventional highways, when built, immediately open up new sites for businesses that have 
an opportunity of intercepting business from motorists using that highway. The limited­
access facility, on the other hand, does not afford opportunities for establishing highway­
oriented enterprises. Motorists using limited-access highways are obliged to transact 
business with establishments in regular trading areas or along frontage roads. The 
claim is made that limited-access highways therefore make for more cohesive business 
areas while affording higher standards of construction and service. 

Suburban Shopping Center Development 

The well-being of the central business district has undoubtedly been affected, in 
many instances, by the development of suburban shopping centers. These shopping 
centers have mushroomed in both number and activities during the same period that 
many central business districts have experienced a relative decline in retail trade activ­
ity. It is not at all clear, however, that the growth of suburban shopping centers has 
taken place at the expense of retail trade activities in central business districts, be­
cause there are differences in the kinds of merchandise handled in central business 
districts and suburban shopping centers. 

Until recently shopping centers have evolved piecemeal and on an unplanned basis, 
primarily as a result of business establishments locating themselves near intersections 
of major streets or highways or at other points of easy access. Today, planned shopping 
centers have developed and the number has increased dramatically, some 2, 500 having 
been constructed since World War II. These planned shopping centers, though differing 
in size, composition, and area served, are alike in the emphasis they give to serving 
auto-borne customers. Special attention to easy access by highway and customer parking 
is a fundamental characteristic of these centers. 

Central Business Districts 

Although highway transportation has been generally advantageous to central business 
district development in the past (by permitting increased specialization, expanded 
markets, etc.), current highway influences may be of uncertain advantage to central 
business districts. Some observers feel that the mushrooming of suburban shopping 
centers spells difficulty for certain kinds of downtown business enterprises. This 
concern appears to result from the decline in certain activities in the central business 
districts of many large American cities, though in many instances this is simply a 
relative decline; that is, a slower rate of increase in central business district activities 
than in surrounding areas. 

Retail Trade 

The relative decline in central business district activity is especially apparent in 
retail trade activities, one of the most important functions of the central business dis­
trict. During a recent six-year period, the percentage increase in retail sales oc­
curring in 168 major metropolitan areas amounted to over 30 percent (in current dol­
lars), whereas the increase for the central business districts of these metropolitan 
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areas amounted to less than 2 percent (38). For a few areas, this decline in retail 
trade activity is absolute, an actual decrease in retail trade activity. Retail trade ac­
tivity decreases are more pronounced in central business districts of cities with a mil­
lion or more population. 

Office Space 

Although central business district activity in many major metropolitan areas has 
ceased to grow, absolute gains in particular areas or in particular phases of retail 
trade have also occurred. More important, retail trade losses in downtown locations 
are being replaced, at least to some extent, by other activities-notably, office space. 
In some cities, increases in office space in central business districts appear to be 
sufficient to more than offset any losses in retail trade activities. A survey (36) of 60 
cities each with at least 100, 000 population shows that relative gains in office space 
during the past 10 years have been greater in large cities than in smaller cities, 
amounting to 1 to 2 percent in a city of 3 million. New York City provides a dramatic 
example of the post-war office boom, adding 42 million square feet or about 1,000 acres 
of floor space. 

Some types of office space activities (for example, insurance offices) appear to be 
undergoing an outward shift, at least in some cities. Examination of the location de­
cisions made by 69 insurance companies during the past 12 years shows that 68 percent 
of the new insurance establishments were located in outlying areas, whereas 32 per­
cent have settled in the predominantly commercial area near the city center The sub­
urban shift of insurance activities is also apparent in terms of employees; in 1946, 4 
percent of all headquarters and regional office employees were located in outlying areas 
compared with 30 percent in 1958. 

Unlike insurance offices, banking continues to be a strong central business district 
activity Although the number of banks is growing rapidly in outlying areas, central 
business districts account for the major part (about 80 percent) of bank deposits, the 
primary measure of banking activity. 

The location of public utility companies also sheds some light on the role of the 
central business district and the influence that highway· transport is having in urban 
areas. About 92 percent of all utility company headquarters offices are located in central 
business districts; in the 1946 to 1958 period, approximately 75 percent of the floor 
space added for public utility offices was established in or near central business dis­
tricts. Though there has been some transfer of establishments from the central busi­
ness district to outlying locations, employees and floor space added through growth in 
the central business district have offset any loss of public utility activities. 

There is some tendency though, for public utility companies to decentralize a portion 
of their functions, particularly in larger cities. The factors that encourage the de­
centralization of utility company activities are similar to those influencing decentraliza­
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lems in central business district locations, etc. 

Location of Commercial Enterprise 

Like shopping centers, individual business establishments ordinarily seek locations 
where their markets can be served as effectively as possible. These location decisions 
are often influenced by highway considerations. A survey of business firms in Chicago, 
Hartford, and Pittsburgh, for example, revealed that of the 10 dominant location cri­
teria, five were directly related to highways. Among the more important of these lo­
cation criteria are access and exposure to highway networks (3, Tables IV-9 and IV-
10). -

Bypasses 

Information concerning 90 bypassed communities in 22 different States reveals that, 
generally, business activity either benefited or was unaffected in areas where bypasses 
caused traffic to be directed from the main business thoroughfares (3, Tables IV-1 
through IV-6). -
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A variety of indicators was used to measure highway influence in bypassed areas, 
including retail trade volume, number of businesses, retail employment, sales taxes, 
business starts and stops, land value and land use changes. 

Fifty of the 76 bypassed areas for which retail trade information was available showed 
a larger increase (or smaller decrease) in business than occurred in comparable areas 
without bypasses. Even in the case of service stations, which are highly highway ori­
ented, gains were recorded which were greater than those for the control group in about 
one-half of the 46 instances where information was available. 

Many of the studies found that bypass routes were beneficial to business activity 
primarily because they aided in the elimination of non-buying through traffic, thus making 
for less congestion and better parking conditions for local shoppers. Local bypassed 
businesses are also aided by the fact that most of the modern bypass highways are of 
the limited-access type which precludes ribbon development of businesses. Thus, the 
through traveler must shop in the bypassed area nearest the bypass route if a purchase 
is to be made. 

Findings from these bypass studies also pointed out that through travelers do not 
purchase as much from highway-oriented businesses as one might suppose. A study of 
commercial development along US 41 between Chicago and Milwaukee, for example, 
showed that even along this heavily-traveled route most of the business was done with 
local customers who lived or worked within five miles of the facility. 

Urban Land Values 

Highway improvements generally have a tendency to increase the alternative uses of 
nearby land and alter the time-distance factor, thus affecting land values. Improved 
accessibility to land through improved highways may enlarge the amount of land available 
for productive use and for uses to which the land would not have been put in the absence 
of the new road facility. 

Land value increases are more or less expectational in nature. That is, gains in 
land values do not always wait for physical developments to occur. Rather, such im­
pact on values begins to assert itself almost as soon as it becomes known that a highway 
project has been approved. There are a number of studies that reveal that land values 
generally increased at a faster rate than the values of the improvements on the land. 

Certain broad findings were adduced from approximately 60 land value studies con -
ducted over the past 20 years. For example, the value of land adjacent to a major 
highway improvement increased faster than land farther from the highway. This un­
doubtedly was a reflection of the relocation of activity closer to the new highway facility. 

A study of effects of the Gulf Freeway found that land in two zones near the freeway 
increased 667 percent and 242 percent of former average values, whereas land in two 
control zones not influenc·ed by the freeway increased in value by 80 and 203 percent. 
Along the Dallas Expressway the value of land near the facility increased four times 
faster than did similar land farther away from the expressway. 

The dramatic changes in the values of land influenced by the 427-mi New York Thru­
way have been well documented. The value of land at certain strategic locations along 
the Thruway increased sharply over relatively short periods of time (~, pp. 75-78). 

Industrial Land Values 

Where a highway improvement effects changes in the use of land in the area of in­
fluence, such changes in land use are generally accompanied by very significant changes 
in land values. Not only does the present use of the land determine land values but future 
use also has a bearing on the price of land. For example, a shift from agricultural to 
industrial land use (or an expectation of such use) generally produces increases in land 
values. An analysis of industrial land values in 7 studies conducted in California, Texas, 
and Georgia indicated annual increases in industrial properties of from 7 to 117 percent 
on a constant dollar basis. 

A study of the economic effects of the Lexington, Ky. , Northern Belt Line found that 
no commercial or industrial development existed in the area. Several years after 
opening of the facility, 40 percent of the area within 500 ft of the Belt line was being 
used for commercial or industrial purposes. During the period of development land 
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prices jumped from $500 an acre to $10,000 an acre. Smaller commercial parcels of 
less than 25, 000 sq ft sold for over $20,000 an acre. 

The Lexington Northern Belt Line also had the effect of retarding the conversion of 
nearby land to residential use. When the commercial potential of the belt line became 
apparent, nearby land which was earmarked for residential development was converted 
instead, to commercial and industrial use with attendant increases in land values there­
fore. 

In Alameda, Calif., a shift to industrial use of land (from agricultural use) near the 
Eastshore Freeway resulted in acreage prices rising from $500 to $10,000 (in current 
dollars) between 1941 and 1953. Land along a frontage road of the Santa Ana Freeway 
sold for $55, 000 an acre, the land to be used for industrial development. 

Commercial Land Values 

A number of studies made in connection with highway effects on commercial land 
values indicate that highway improvements have had a generally favorable effect on 
nearby commercial properties. A summarization of results of highway influence on 
commercial land values from 11 studies LTJ. California, Georgia, Kentucky, a..T1.d Texas 
bears out this conclusion. In North Sacramento, commercial property prices rose by 
about 40 percent in current values after opening of a bypass route. In Texas, the Dallas 
Central Expressway in most cases had a beneficial effect on business volumes, and 
commercial property values rose rapidly. Downtown commercial properties in Hous­
ton, served by the Gulf Freeway, experienced value increments much faster than 
similar properties located elsewhere in the city. The San Antonio Expressway exerted 
a similar influence on San Antonio commercial property values. 

Residential Land Value 

One effect that can be reasonably expected of highway improvements is a shortening 
of travel time to work or business and to social, cultural, and educational activities. 
A lessening of such travel time may very well serve to enhance affected residential 
properties and hence increase the value of residential land. 

From studies made in a number of States it was found that, generally, residential 
properties adjacent to modern highway facilities had more rapid increases in value than 
did similar properties farther away from the facility. At least, such was the case along 
Park-Presidio Boulevard in California and US 50 in Lawrenceville, Ill. 

There are, to be sure, cases in which immediate gains from highway improvements 
do not manifest themselves. The Louisville Watterson Expressway, with its heavy 
traffic, resulted in land close to the highway becoming less valuable. However, land a 
short distance away from the facility enjoyed value increments mainly because of better 
access and the absence of nuisances created by the highway. In Needham, Mass., the 
values of older homes near Mass. 128 did not increase in value nearly as much as did 
homes further remuveu frum Lhe highway. 

Summary of Percentage Changes in Land Values 

Among these studies of the impact of highways on land values, the changes in urban 
property values are impressive (3). These percentage changes in land values by them­
selves do not tell the entire story~ because no comparison with unaffected or less affect­
ed areas (control areas) is afforded. They do, however, give the order of magnitude 
and the spread of property value changes as found in these impact studies. For instance, 
out of 56 studies in 19 States it was possible to identify 183 separate study segments 
that lent themselves to systematic analysis. 

The median values (in constant dollars) of these annual percentage changes, classified 
according to kinds of land and proximity to highways, indicates that the greatest annual 
changes in land values are associated with industrial land or unimproved land. All types 
of land had a median annual percentage change of 8. 8 percent (Table 1). 

Comparison with control area data affords a more realistic impression of the high­
way influence. There were 44 study segments which gave the changes in value of land 
and improvements as a total. The ratios of the percentage changes were distributed 
according to Table 2. 



TABLE 1 

MEDIAN ANNUAL PERCENTAGE CHANGE 

Kind of Land1 

Industrial 
Commercial 
Residential 
Unimproved 

Total classified 

Unclassified 
Total 

lAfter improvement. 
zconstant dollars. 

TABLE 2 

Median Annual 
Percentage Change2 

17.5 
10. 3 
8.5 

12. 5 

9.3 

5.8 
8.8 

PERCENTAGE CHANGE RATIO DISTRIBUTION 

Ratio 1 

0. 0 - 0. 5 
0.5-1.0 
1.0-2.0 
2.0-4.0 
4.0-8.0 
8.0-38.0 

Total 

1 Study area to control area. 

Number of Study Segments 

3 
9 
9 

14 
5 
4 

44 

177 

From the table it is plain that a part of the increase in land values shown by the 
percentage-change tabulations is accounted for by nationwide or areawide trends. For 
example, out of the 44 study segments giving values of land and improvements in 12 
(27%), the ratios to percentage change in the control area were 1. 00 or l ess. On the 
whole, however, this table shows a substantial advantage to the study area. Of the 
44 study segments, 32 (73%) show ratios of more than 1. 00; 9 (20%) have ratios of more 
than 4. 00; and 4 (9%) have ratios of more than 8. 00. 

Rural Land Values 

Changes in rural land values are equally impressive. There does not seem to be 
any doubt that, other things being equal, farms situated on paved roads are worth more 
than those situated on gravel roads; and that those situated on gravel roads are worth 
more than those situated on earth roads. These differentials appear to be directly 
associated with the differences in all-weather travelability and in operating costs and 
time costs in driving to and from the market town. 

In 1958 and 1959, the Department of Agriculture conducted a survey involving 
11,452 agricultural land sales throughout the United States . Actual sales data were 
gathered for farms on dirt, gravel, and paved roads, classified according to distance 
from the nearest trading center and by type of farming area. Local reporters familiar 
with farm market values were asked to estimate what the farm would have sold for had 
it been situated on a different type of road. The following brief summary will suffice 
here: 
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1. Farm properties on dirt roads sold for average prices per acre ranging from 
$34 (spring wheat) to $115 (central cotton); had these properties been situated on hard­
surfaced roads the prices per acre would have ranged from 5 to 31 percent higher. 

2. Farm properties on gravel roads sold for average prices per acre ranging from 
$45 (spring wheat) to $280 (eastern corn belt); had they been situated on dirt roads the 
discount would have ranged from 2 to 23 percent; for location on hard-surfaced roads 
the premium would have ranged from Oto 20 percent. 

Comment on Rural Land Values 

Although the associations indicated between type of road surface and land values do 
not necessarily indicate a causal relationship, there is close relationship between these 
two variables. It is probable that more productive lands justify and ordinarily receive 
better roads. Therefore, higher prices for farm land along better roads should be at­
tributed only partly to the highway. There is, however, a strong association between 
rural land value increases and highway improvements. It is no doubt, also, quite 
significant that farmers themselves consider road improvements to add to the value of 
their land, confirming the results of studies of market sales of farm real estate. This 
subject was extensively treated by Longley (25). 

Conclusions on Quantification of Benefits 

The economic impact studies originated for a variety of reasons, including the need 
of impact data for land acquisition purposes, highway planning, public hearings, and 
public relations. Because of this conglomerate set of uses, data collected in economic 
impact studies are not always of the same type nor of the same depth or sophistication. 
The designs of the various studies differ considerably. 

A major purpose of the impact studies encouraged or sponsored by the Highway Cost 
Allocation Study was to obtain a representative overview of impact on various segment's 
of the population. Therefore, many of the studies dealt with one geographic section or 
one specific subject of interest. Because the economic impact studies were usually 
concerned with a strip or zone analysis, the data tend to give some conception of the 
benefit differential to highway-abutting areas, but do not provide data for overall quanti­
fication. The studies gathered information on a variety of subjects dealing with tax 
losses, central business districts, special assessments, industry location, and many 
others, and it was not possible to obtain complete coverage of each subject. 

Analysis of the land value results furnishes similar limiting factors. Many of the 
land studies have been concerned with only one particular time, in a static approach to 
the subject, or in an attempt to study short-run dynamics of land values. Both of these 
methods are subject to the criticism that no means have been developed to determine 
whether successive impacts of additional highway improvements tend to affect land value 
im~re.mP.nts ; or whether land increments reflect transfers in use of land between differ­
ent segments of a community. 

Nevertheless, the findings of land value studies indicate at least what the short-run 
results might be that should be given consideration in highway planning. 

Various attempts to add up the results of impact data collected in the pattern de­
scribed in order to obtain a figure of nonuser benefit have not been successful although 
frequency distributions of the results of the land value and bypass studies were attempted, 
and they tend to furnish a consistent picture. 

Recognition of these limitations led the Bureau of Public Roads (3, pp. 5-6) to state 
in House Document No. 72, in its discussion of land value changes to state: 

Over 50 studies of land values along major highway improvements in 
urban, suburban, and small town centers have been made at various 
times during the past two decades, almost 30 of which have tabula­
tions of land-value data that lend themselves to systematic eval­
uation. The studies have varied as to time, type of highway im­
provement, community, methods of deriving land values, and the 
unit of land studied. Some studies used assessments for obtain­
ing comparative data; others depended upon appraisals. Most of 



the studies used actual market sales and a simple comparison of 
land prices "before" and "after" the highway improvement. A 
few limited studies dealt with parcels of land while those in 
metropolitan areas dealt with bands, zones, and sections of l .and 
adjacent to the highway compared with those more distant from the 
highways. Many of the communities for which land-value data were 
gathered were in varying stages of historical growth and devel­
opment. 
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Development of overall nonuser benefit figures can, however, be associated with the 
model analyses described in the early part of this paper. It would be necessary to in­
dulge in an involved input-output or other model analysis to develop the community ef­
fects of an investment program. As Isard (39) has stated, in a somewhat different context: 

The most difficult economies to estimate are, of course, the pos­
itive welfare effects. However, it is possible that certain indi­
rect effects of alternative size complexes upon community or re­
gional growth can be compared by some sort of regional multiplier 
approach, perhaps utilizing input-output concepts. 

In the light of current knowledge, however, no definite methodology has yet been estab­
lished to clearly quantify nonuser benefits. 

Nevertheless, evidence abounds that highways have brought about extensive reorganiza­
tion of land uses, particularly in urbanized areas. The outward growth of metropolitan 
areas, the rise of the suburbs, and the decline, relative or absolute, of central cities 
have been well documented. 

The economic impact studies do not lend themselves to any precise quantification 
of nonuser benefit on a national, regional, area, or other extended basis; they are 
generally concerned with the effects of individual highway projects with the exception 
of some nationwide studies sponsored by the Bureau of Public Roads. They do, how­
ever, provide an indication of the powerful changes that can be wrought by the highway 
in economic and social life. Such generalized indications provide the basis, when added 
to the theoretical formulations already described, of finding a nonuser benefit from 
highway improvement over and above the savings in transportation costs. 
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General Discussion 
MILTON KAFOGLIS, Professor of Economics, College of Business Administration, 

University of Florida, Gainesville 

• THE PAPERS that have been presented deal primarily with the related questions of 
indirect benefits, nonuser contributions, and highway subsidy. They represent an at­
tempt to evaluate what might be called the "social" component in highway finance. In­
asmuch as social value is an exceedingly difficult concept to define and measure, the 
differences in approach and contradictions in conclusions that have been presented 
might be expected. 

The division of highway costs between users and nonusers is based on the fact that 
highway use and development create diverse indirect benefits which accrue to persons 
other than the direct users of the highway plant. As a matter of equity, it is maintained 
that these indirect benefits justify a general tax contribution toward the highway pro­
gram. According to Steele and Todd, this practice is "almost universally accepted by 
specialists in the field. " Steele and Todd review and evaluate the data and techniques 
employed in allocating costs among users and nonusers, and conclude that it is now 
"possible to do a much more theoretically sound and practically satisfying job of allocat­
ing highway costs than has been possible at any time in the past. " Their analysis repre­
sents an important step in the direction of developing a standardized approach to the user­
nonuser allocation. 

However, within the past few years a number of economists have questioned the va­
lidity of the allocation of highway cost between users and nonusers. Thus Tybout, in a 
stimulating reorientation, defines highway use as space occupance and concludes that 
"only user-taxes can be justified on economic grounds." Adopting a more restricted 
pricing approach, Mohring states that the economic justification for general tax con­
tributions must be found in situations where marginal cost is below average cost. This 
purely theoretical case for the use of general tax contributions has not as yet had an 
important impact on highway finance. It clearly is not the rationale of the traditional 
nonuser share which is based on the existence of indirect benefits. 

Although indirect benefits to others than users are generally cited in justification of 
a nonuser share, the actual techniques employed-relative-use and earnings-credit­
appear to have no direct or close relationship to indirect benefits. The implication of 
these techniques is that indirect benefits are relatively greater on lightly-traveled ac­
cess routes than on primary highways. Measurements to give weight to this hypothesis 
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ful that this hypothesis can be supported. Of course, it might be possible to define in­
direct benefits to include only increases in land value associated with access facilities. 
Here the problem (emphasized by Mohring) is encountered that increases in land value 
may represent a capitalization of user savings and should not, therefore, play a separate 
role in highway finance. This does not mean that landowners and other indirect bene­
ficiaries should take their gains and go scot-free. According to Tybout, "Even the un­
earned increment may be taxed. The point is that such taxes should not be used for the 
support of highways." The traditional allocation of highway cost to nonusers may lead 
to the creation of a highway subsidy disguised in the name of equity, for what is paid 
by nonusers represents a reduction in the amount paid by users. If a subsidy is created 
in this manner neither equity nor economic efficiency will be served. 

Zettel and others have noted that the usual allocation of cost between users and non­
users has been developed to solve the administrative problem of recovering through 
uniform user taxes the differentially-higher unit costs on secondary roads. Thus, prop­
erty taxes and other sources of revenue closely associated with the local highway user 
have been employed. That is, there has been a close identification between tax and 
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user. Tybout emphasizes this point and suggests that nonuser sources be employed, not 
in the light of indirect benefits, but because access uses are more expensive per unit of 
travel than through or primary uses. A clear implication of Tybout's discussion is that 

r the calculation of a nonuser share on the Interstate Highway System could be justified 
only to the extent that local traffic on the Interstate System requires or utilizes more 

r units of capacity than the through traffic. Following through on Tybout's approach, it 
would appear that any nonuser revenue sources utilized to finance the Interstate System 
should be assessed and collected at the State or local level where local users may be 
reached. Tybout's analysis is implicitly damaging to the case for a nonuser share at 
the Federal level. 

Mohring's paper fortifies these conclusions. He suggests that highway services be 
priced according to a marginal cost. Because the most important component of marginal 
cost is time loss due to congestion, user rates would vary in relation to traffic density 
or demand. An interesting feature of Mohring' s analysis is the proof that optimal high­
way operations in the absence of scale economies would yield sufficient user revenue to 
defray highway cost. To provide highway services at rates below marginal cost would 
lead to a subsidized user tax structure. 

Mohring gives scant attention to indirect benefits assuming perhaps that such benefits 
are received by users in the first instance and subsequently passed along to indirect 
beneficiaries. But an easy dismissal of indirect benefits seems inappropriate. Gold­
stein's paper cites an impressive array of "net" indirect benefits. His paper suggests 
that horizons in considering highways should be broadly social rather than narrowly eco­
nomic. Goldstein describes highways as "social overhead" and classifies them along 
with schools , water supply, recreation, and other activities that are sometimes heavily 
subsidized. On the other hand, Tybout states that highway services are private goods. 
Though Goldstein does not suggest that highways be subsidized with general revenues, 

·, his analysis logically raises the question. Mohring, who deals extensively with sub­
sidies in relation to the mass transit problem, does find a justification for subsidy in 
what he describes as noneconomic "social considerations." That is, "aesthetic , 
national defense, or other reasons entirely unrelated to economic value." But the in­
direct benefits cited by Goldstein are , more often than not, economic in character, not 
aesthetic or ethical. It is doubtful that transportation subsidies historically have been 
based on noneconomic grounds, although they may have been based in part on decreasing 
cost, a situation which Mohring takes into account. It seems that transport subsidies 
have been granted because the economic benefits to society-indirect benefits-far ex­
ceeded the direct economic benefits to private users as reflected in the market place. 
Mohring' s classification of subsidy-justifying conditions seems to omit the most impor­
tant economic factor of all-indirect benefits. Only under some rather extraordinary 
theoretical conditions does the market adequately measure all relevant indirect benefits. 
The market place is a powerful institution for the measurement of value, but it is not 
perfect; it overlooks many indirect benefits and costs. 

The existence of significant indirect benefits frequently calls for public subsidies 
designed to encourage expansion of what is socially and economically a good thing. 
Subsidies to schools are, in part at least, justified on the basis of economic values, 
especially anticipated increases in productivity in excess of those accruing to the in-
di vi dual. Why not subsidized highways, especially in the light of Goldstein's findings? 
It might be argued that indirect benefits are associated in equal amounts in both private 
and public investments. That is, indirect benefits cancel out and to subsidize public 
works would "rig" the economy in favor of the public sector. This is the import of 
Mohring's apples-oranges analogy. The canceling out assumption, however, does not 
sit well. For it is likely that the areas in which the public has taken an interest are 
precisely the areas in which indirect benefits are greatest, and transportation is one of 
these areas. More efforts along the lines of Goldstein's paper may shed some light on 
these questions. Relatively narrow market approaches to highway planning and finance 
are difficult to justify, at least at this stage. 

In attempting to reach a conclusion regar ding the desirability of highway subsidy, it 
might be asked whether the private demand of highway users is of sufficient intensity to 
provide, through direct user payments, the quantity and type of facilities required to 
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meet society's needs. In short, will the private economy provide "social overhead?" 
If the answer is affirmative, the traditional nonuser share amounts to a superfluous 
subsidy. If the answer is in the negative, an appropriate subsidy in the form of a non­
user share would be in order. 

It is possible that in some of the less developed areas of the Nation, traffic stimula­
tion through the use of subsidies may increase productivity and therefore be economical­
ly desirable. However, in general, this situation does not exist in the United States. 
Although a different situation existed historically, current highway development reflects 
primarily a response to the direct demand of motorists. Modern highway policy is not 
consciously geared, as it was in the early 1900's, to the positive stimulation of traffic. 
One might question the validity of an infant industry rationale for the nonuser share. 
Thus, Goldstein's excellent analysis of indirect benefits with an emphasis on "social 
overhead" may not adversely affect the conclusions reached by Mohring and Tybout 
relative to highway subsidy. 

The space-occupance approach to the determination of user tax rates was introduced 
by Troxel and others a number of years ago. Tybout's suggestion that space occupance 
be employed for the allocation of geometric costs merits serious consid,eration. It is 
consistent with the marginal cost standard described by Mohring and seems to provide 
a more rational basis for the allocation of geometric costs than either vehicle-miles or 
axle-miles. After all, the limiting or relevant economic factor is highway capacity. 
The development of space-occupance factors for various highway uses and for vehicle 
classes would add significantly to the highway analyst's box of tools. The "Highway 
Capacity Manual" represents a good start in this direction. 

Although the papers presented suggest many areas for further research, the chief 
implication for current analysis relates to the possibility of reorienting the cost alloca­
tion between users and nonusers. Elimination of this costly and time-consuming alloca­
tion would not preclude the employment of nonuser revenues, would not diminish equity, 
and might improve economic efficiency. There are many indirect benefits that will 
accrue as a result of the new highway program. It is reasonable to suppose that some 
groups will insist that these surpluses warrant general fund contributions toward the 
highway program. Extreme care should be taken before making such transfers. Equity 
may still be served by taxing obvious windfalls for other public purposes. 




