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•TIIIS PAPER is a by-product of the differential- benefit study, which was one of the 
highway cost allocation methods used in the study conducted in compliance with Section 
210 of the Highway Revenue Act of 1956 (1). Until its later stages, the differential
benefit work was carried on by Paul J. Claffey, whose effective work in this field is 
attested to by a number of publications discussing the methods and findings of several 
sub-projects of the differential-benefit study (2, 3). There remains only a mopping-up 
operation in which we examine what was produced in the study and what we have learned 
that may be of value for such work in the future. 

SIGNIFICANCE OF VEHICULAR BENEFITS 

The differential-benefit study was restricted to the benefits realized directly by 
motor vehicle users because the purpose of the study was to allocate motor-vehicle-tax 
responsibility for the Federal-aid program in proportion to the benefits to be derived 
by vehicles in the various type and weight groups. The study of indirect or nonuser 
benefits was undertaken as a separate phase of the Highway Cost Allocation Study and 
reported on separately ( 4) . Even when confined to the so- called vehicular benefits, the 
problem is one of unusual difficulty. One must first identify those benefits that are of 
significance and susceptible of measurement. Next, one must find means of measure
ment that will reflect the magnitudes of benefits produced by various kinds of highway 
improvements. Third, and perhaps most difficult, one must find a means of estimating 
with some degree of plausibility the extent of the benefit-producing accomplishments of 
the projected highway program. 

In line with the work of McCullough (5), vehicular benefits were defined in terms of 
reductions in cost produced by highway I mprovements. Rather broadly interpreted, 
these cost-reduction benefits are of four kinds: (a) reductions in operating costs; (b) 
reductions in time costs; (c) reductions in accident costs; and (d) reductions in the so
called impedance costs, i.e., the strains and discomforts of driving under congested 
conditions . 

There is some disposition to regard the measurement of benefits as nothing more 
than an exercise or as a tool of propaganda or publicity for the particular type of im
provement that is advocated. This is particularly true in the case of time savings and 
the even more subjective comfort and convenience factor. Seligman (6) ridicules, with 
much justification, the piling-up of astronomical figures on the costs of various alleged 
evils to the American economy. He touches a sensitive nerve when he directs his scorn 
to some statistics on accident costs produced by the National Safety Council, pointing 
out that an item of $150 million for medical expenses includes earnings received by 
doctors and that an item of $2,350 million for overhead of insurance includes the sal
aries of claim adjustors. "So," he concludes, "the figures do not add up to any eco
nomic loss to society." 

Neither the National Safety Council nor others interested in highway safety would be 
quite willing to accept Seligman's implied conclusion that motor-vehicle accidents aren't 
a bad thing after all. If we did accept this notion, we should be abashed that the Inter-
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state System is disrupting the national economy by depriving repair garages , physicians, 
and insurance companies of legitimate business, not to mention the undertakers and 
tombstone manufacturers whose services can only be postponed, not avoided. Still , the 
books do balance, and one man's poison is another man's meat. So it seems that in a 
world where the most ghastly accidents are producers of business and employment, we 
must find a working principle by which to measure, and give a dollar value to, the ad
vantages derived from reducing accident costs and other unwanted elements in motor 
vehicle travel. In the case of accident costs, we can find the justification in the eco
nomic allocation of resources. Nobody, not even the doctors, garage men, and insur
ance companies, really desires to increase the business of producing highway accidents. 

In the case of time savings and reductions in the so-called impedance costs, 
the justification is not so obvious but it is found by resort to market economics. 
A product, a notion, a service, is valuable if people are willing to pay for it. The toll
booth cash registers tell us that people are very willing to pay for time savings, whether 
on business or pleasure. At one time there was a tendency to regard time savings as 
having a value only when the time saved could be employed in a gainful pursuit. The 
willingness of American motorists to pay for highway improvements, whether by taxes 
or by tolls, is ample evidence that time savings is a marketable commodity, whatever 
the use to which the saved time is put. 

It is plain that time savings or time losses must always be valued within this market 
concept and cannot be handled in exactly the same way as tangible costs or savings, 
e.g., those of fuel consumption. You cannot save 24 hours a day; you must somehow 
spend the day. It is also true that measurements of the value of time must always be 
averages, and generally rather unstable ones at that. Time is of different value to 
different persons, and to the same person on different occasions. 

It is also held, and generally acknowledged, that minute time savings are of less unit 
value than time savings of considerable amount. For a million persons to save one 
minute out of an hour's trip does not, so it is said, produce the same dollar i:;avings as 
100,000 persons making a 10-minute savings in an hour. While the truth of this prop
osition seems obvious at the extremes, there is some evidence that many motorists 
behave as if minute time savings were a major objective . The active and aggressive 
driver continually tries to pass the cars ahead of him, although the net result may be 
only a few minutes or a few seconds saved in a trip of considerable length. 

The same market considerations apply to impedance costs , the strains and discom
forts of congested or nonuniform driving. 1Vlany people regard any attempt to give a 
dollar value to such costs or their reduction as fantastic and unworthy of attention. To 
this it may be replied that the Pullman Company made a very good thing for many years 
out-of s elling comfort-and convenie nc to-railway passengel's .- Ther e would be n r ea 
son for people to sit down on railroad trains, let alone sleeping in a berth, if comfort 
had no value. Automobile and even truck manufacturers know the value of comfort and 
convenience to their customers and incorporate these qualities in the vehicles they de
sign. To build the same attributes into the highways is simply following good business 
practice. There is no doubt that much of the popularity of turnpikes and freeways, and 
the willingness of people to finance them, results from the greater eaoe and rnmforl uI 
the ride they provide. 

It is hardly necessary to dwell upon the reality of savings in vehicular operating· 
costs produced by improved highways. Very dramatic savings are found in moving from 
primitive forms of transportation, such as the ox cart, to modern highway or railway 
transport. Reductions in rise and fall afford great savings in truck transportation, as 
was shown in the studies made some years ago on the Pennsylvania Turnpike and U .S. 
Routes 11 and 30 (7). For automobiles such savings in unit operating costs are general
ly converted to time savings by driving at increased speeds with a probable increase in 
fuel and tire costs. 

In sum, all of the four classes of vehicular benefits arc very real and have great 
significance in determining the kinds of highways we build and the amount of money the 
American people are willing to invest in this activity. On the other hand, this is not 
the whole story. In the building of any highway, or of any highway network, there are 
minuses as well as pluses. Something is sacrificed when any piece of highway work is 
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done, even if it is only the inconvenience caused to motorists during construction. 
There are many indirect effects, some of them unfavorable, and enlightened highway 
policy must take these effects into account. Disclosure of the prospective benefits to 
users explains why they want the highways and are willing to pay for them. It does not 
give the final answer as to whether the investment should be made or whether a partic
ular highway should be built in a particular place. Broader social consideration must 
be brought into play . 

THE PROCESS OF MEASUREMENT 

It can be stated that, in general, savings in operating costs, time, accident costs, 
and strain-discomfort costs in driving can be achieved through improvements of high
ways. The question is-how can these savings be measured? Obviously it is necessary 
to have average values of each of these four cost elements for each size and weight 
group of vehicles under a variety of operating conditions that will span the "before and 
after" states of highway improvement. 

The work of investigators for many years has produced valuable information about 
motor vehicle transportation costs and their reduction through highway improvement. 
The early studies of Agg, Winfrey, and Moyer at Iowa State College and those of 
McCullough, Beakey, and their associates in the Oregon State Highway Department 
stand as landmarks in the field. In recent years greater attention has been paid to ac
cident costs, to the measurement and evaluation of time savings, and to the effect of 
highway improvements on the quality of motor-vehicle transportation. A list of refer
ences emphasizing the more recent work on these subjects is given on pp. 224-5 of the 
"Final Report of the Highway Cost Allocation Study." A prior list, to be found on p. 128 
of the first progress report of that study, gives some of the earlier references (_!). 

Special Research for Differential-Benefit Study 

Although the body of literature reporting previous research in the field was of im
mense value in the differential- benefit study, it was found necessary to conduct or ar
range for a number of substudies in order to fill gaps in the data or to bring up to date 
the factors of unit cost and cost reduction. Among these the four principal ones were 
the following: first, a study by Claffey to determine travel-time and fuel-consumption 
characteristics of automobiles and single-unit trucks (2); second, a series of studies, 
conducted by university groups, of the travel-time andfuel-consumption characteristics 
of selected trucks and combinations in rural and urban line-haul service and in city 
delivery service (8); third , a comparative study of motorists' use of toll roads and 
alternative free roads, designed to provide means of estimating the average unit value 
of time and of the so- called impedance or comfort-and- convenience factor (3); and, 
fourth, a study by Green (9) to evaluate estimates of the average unit value of time 
savings to commercial vehicles of different types and sizes. 

The first of these studies supplemented the earlier work of Saal (10) and others in ob
serving and measuring the operating characteristics of passenger cars and single-unit 
trucks. Three test vehicles were used in the study: a passenger car, operated with 
driver and observer; a pickup truck operated both empty and fully loaded; and a dump 
truck operated both empty and half loaded. Both travel time and fuel consumption were 
measured under the following variations in driving conditions: (a) operating speeds of 
15 to 55 mph; (b) gravel and concrete surfaces; (c) stop-and-go operation; and (d) tem
porary speed reductions. This work, combined with earlier and contemporary findings, 
resulted in the evaluation of unit- cost factors applicable to numerous road-improvement 
elements, such as reduction in length, surface improvement, reduction in curvature, 
and elimination of intersections-at-grade. 

The second series of studies performed the same service for combination rigs in 
rural and urban line-haul service and for both light and heavy trucks and combinations 
in city pickup and delivery service. Studies were conducted at Ohio State University 
and the Universities of Michigan and Washington and by a transportation consultant from 
the University of Maryland. Two major reports (8) resulted from these researches. 
Here again the results of earlier studies, notably Saal's work on the Pennsylvania 
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Turnpike and the alternative route (7), as well as those of contemporary work, were 
drawn upon in evaluating unit cost factors applicable to the operating and time savings 
of these classes of vehicles. 

The third of the cited studies (3), Claffey' s experiment to determine average esti
mates of the unit value of time and of the "impedance" factor, was based on 38 success
ful runs on 14 toll roads and the alternative free roads, all in situations where the 
motorist is confronted with a definite choice of routes between two terminal points. Data 
pertinent to the determination of these unit values included the amount of the toll and, 
on both roads, the amount of fuel consumption, time of trip between terminals, the 
summation of impedance units accumulated during the trip, and the proportions of 
motorists using the two alternative routes. 

An impedance unit is defined as a speed change of one mile per hour, plus or minus, 
for all speed changes in excess of three miles per hour. The reasons for using speed 
change as an indicator of strain and discomfort were expressed as follows in an earlier 
paper (11): 

Nearly al I the factors that contribute to annoyance, discomfort and nervous 
tension on a trip have their most direct and immediate effects in causing 
changes in speed (including reductions to zero speed). Sharp curves, steep 
grades, narrow roads, poor conditions of repair, left turns, right turns, stop 
signs and signals, passing maneuvers and many other items cause the motorist 
repeatedly to check his speed, to accelerate, to stop, to start, or in other 
words, to depart from the condition of uniform speed which is characteristic of 
a pleasant trip. The necessity to change speed requires certain physical 
movements on the part of the driver and an increase of the attention he must pay to 
driving. On al I occupants of the car acceleration or dece I eration exerts forces 
that are proportional to the magnitudes of the speed changes. 

In addition to providing the information leading to a statistical solution for the re
quired unit values, this study supplied data on motor-vehicle operating characteristics 
under both freeway and ordinary driving conditions. 

Accident-Cost Research 

In the field of accident costs the differential benefit study profited from the fact that 
Public Roads-state cooperative studies of the costs of motor-vehicle accidents were 
completed or- in progress in four states, Illinois, Massachusetts, New Mexico, and 
utah (12); data from all of them became available during ihe study. From an analysis 
of these studies the average costs per accident were obtained for three classes of 
vehicle-automobiles, single-unit trucks, and combinations-and for six classes of 
roads-Interstate and other federal-aid primary highways, federal-aid secondary high
ways, and non-federal--aid systems, both rural and urban. 

Data From States 

Representative states in each census division (31 states in all) were asked to provide 
specific data on the amount of benefit-producing improvements to be realized by the 
program. These data were prepared separately for each of the federal-aid systems, 
rural and urban. The following were among the specific data requested: 

1. Miles of resurfacing that involve upgrading from unsurfaced or low type to inter
mediate or high type; and 

2. Miles of reconstruction and construction on existing and new locations that result 
in (a) reductions in rise and fall, (b) elimination of intersections at grade, (c) elimina
tion of access points, (d) elimination of sharp curves, (e) increase in the number of 
lanes, and (f) reduction in travel distance. 

The benefits resulting from highway improvements make driving easier, quicker, 
and safer and at the same time reduce operating costs. Each of the kinds of improve
ment cited above produces, in varying degree, one or more of the four basic vehicular 
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Figure 1. A road improvement in mountainous country eliminates a sharp curve, reduces length, and 
cuts down rise and fa 11. 

Figure 2. Upgrading a 2-lane road to a 4-lane divided highway to increase capacity, relieve conges
tion, and reduce accidents. 

benefits. An upgrading of the road surface brings them all in: decrease in fuel and 
other operating costs, accident reduction, time savings, and increased riding comfort. 
A reduction in rise and fall, as was demonstrated (7), primarily brings about reductions 
in travel time and in fuel consumption and other operating costs. The effects of elimi
nating intersections-at-grade are well illustrated by the case of traffic signals, which 
cause the driver to brake, to come to a stop, to wait, and to accelerate to normal 
driving speed. These actions produce time delays, increased tire wear and fuel use, 
driving strain, and some accident hazard; elimination of the signal produces the cor
responding benefits. 

Figures 1 and 2 illustrate some of the kinds of highway improvement that result in 
savings to highway users. Figure 1 shows the elimination of a sharp curve by the re
alignment of a route through a mountainous area. This realignment also results in a 
reduction in length and in rise and fall. Unfortunately, the artist left us with a raw cut 
which we can hope will be transformed by a beautification project. 
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Figure 2 illustrates the up-grading of a 2-lane road to a 4-lane divided highway, thus 
increasing capacity and relieving congestion by separating the opposing traffic streams. 
The savings involved include accident costs as well as time savings and the reduction of 
strain and discomfort. Not shown in the sketch are the further benefits derived by the 
elimination of intersections-at-grade and private access points. 

From the data on benefit-producing accomplishments received from the states, cen
sus division estimates were calculated by applying average factors obtained from the 
data of the responding states to the mileage of different classes of construction work in 
different kinds of terrain within the entire division. 

The data collected were for the 16-year period (1957-72) of the expanded federal-aid 
highway program. Estimates were made for each federal-aid system as to the portion 
of the program that would be completed by the midpoint (1964) of the program. The 
purpose of these estimates was to place the benefit calculations in the setting of the 
midpoint of the program, 1964. The data supplied by the states, however, covered the 
entire program and were thus susceptible of evaluation to yield estimates of the vehi
cular benefits to be derived in 1973, the year following completion of the program. 

Other Data Supplied by States. -In addition to the estimates of miles of highways to 
be completed by 1964 and 1972, it was necessary, as a basic part of the highway cost 
allocation study, to estimate vehicle-miles of travel by visual type of vehicle, by reg
istered gross weight, by fuel type, and by class of operation. Loadometer studies were 
conducted at numerous weighing stations throughout the country on the several systems 
to measure operating weights and to record corresponding registered weights of rep
resentative vehicles. Both types of weight were required, as operating cost savings 
vary according to operating weight, yet must be linked in terms of registered weight 
for tax allocation purposes. 

From the 1964 projections, vehicle-miles of travel were determined for each op
erating weight group. Average benefit values per vehicle-mile as determined by other 
studies were multiplied by the total travel in each operating weight group to measure 
the dollar benefits of that group. A further breakdown hy fuel type and class of use 
was also used throughout the benefit calculations. 

Application of Data in Evaluation of Benefits 

To produce a valid, or at least plausible, estimate of the benefits to be derived by 
each type and weight group of vehicles, the several classes of data described were con
solidated in a series of multiplications and summations performed on the computer. 
Th.o 1::d·1•nrah11--A nf +ho .o.u<.:Jln'lfir.n ,,rr_ici .,...allnl-:J, .. fho h'lcifl Polle fnr ,rohirl,p,c;i. 'lnrl hicrhnr'luQ 
................................................ ...., ..., ............................... ....._ ...... ..., ...... 1''f _...., ...,. ............................ ' ............. ...,_~ ....... ...,.............. ........... • .............................. _ .... ...,,. .... -c........, .., 

being as follows: 

1. For vehicles: The number of vehicles of il given vimm.l type, registered gross 
weight, use class (publicly owned, private, and for hire) and fuel type (gasoline or 
diesel) registered in the states of a given census division in a given year (1964, 1973, 
or other). 

2. For highways: The number of miles of highway of a given type (low, intermediate, 
high-type 2-land, high-type 4-land, and 6-lane or more), on a given system (Interstate, 
other FAP, FAS state, and FAS local, each divided into rural and ur!Jan podium;) i11 lhe 
states of a given census division in a given year. 

For travel, by a combination of the two structures, the basic cell was determined as 
the number of miles traveled by the vehicles of a given cell group on the roads of a given 
cell group in a given year. Because of travel between census divisions this concept was 
modified by withholding the identification between the numbers of vehicles of a given 
class and the corresponding vehicle-miles until the assembly of nationwide totals. Values 
were calculated to yield the estimated benefits of the completed program, but were 
modified for 1964, or for any year prior to 1973, by factors representing the status of 
program completion in that year. 

An illustration of the calculations involved in the evaluation and summation of vehi
cular benefits is given in Appendix D of the Supplementary Report of the Highway Cost 
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TABLE 1 

CALCULATION OF DOLLAR VALUE TIME SAVINGS TO AUTOMOBILE USERS RESULTING FROM 
ELIMINATION OF 17 SIGNALIZED INTERSECTIONS-AT-GRADE IN 66 MILES OF 

4-LANE DIVIDED HIGHWAYa 

Item 
0 to 400 

Percentage distribution 2.6 
Nominal speed, mph 57 
Avernge stopped delay time at rural 

Inter sections, min b 0 . 210 
Excess time consumed in stopping and 

resu111 ing speed, mine 0 . 251 
Total lime per vehicle stopped, mt'n 0 . 461 
Saving per vehicle stop eliminated, at 2. 37 

cents per min, cents 1 , 093 
Average per passage (30 percent of vehicles 

stopped), cents: 
Unweighted 0 . 328 
Weighted by hourly volume 0,009 

Value for 17 intersections eliminated in 66 
miles, cents 

Average benefit per vehicle- mile, cents 
Vehicle-miles of travel in year, millions 
Dollar value of annual time benefits 

Class Interval of Hourly Traffic Volume 

400 to 800 800 to 3,000 Over 3,000 

15 .0 81. 9 0.5 
55 42 37 

0.210 0.210 0. 210 

0,251 0 . 201 0 . 170 
0.461 0.411 0,380 

1.093 0.974 0.901 

0,328 0 . 292 0.270 
0.049 0,239 0.001 

Total or 
Average 

100.0 

0 . 210 

0 . 298 

5.066 
0.07676 

345 
$264,822 

a(_!, SupplementaryReportoftheHighwayCostAllocationStudy, AppendixD, pp, 359-365) . b(l, p . 11). c(~, p.19). 

Allocation Study (1, pp. 359-365). For simplicity the highway element or cell is taken 
as 66 miles of 4 lane divided high-type road on the Interstate rural system. The dem
onstration problem is to estimate the benefits derived by two vehicle groups, (a) auto
mobiles and (b) 2-axle, 6-tire trucks of 26 , 000 to 32 , 000 lb gross weight, from the 
improvement of this road by the elimination of 9 sharp curves and 17 signalized inter
sections-at-grade. 

Table 1 illustrates one small part of that demonstration, the evaluation of the auto
mobile time savings produced by the elimination of the 17 signalized intersections in a 
year in which the automobile travel on the 66 miles of road was 345 million vehicle
miles. Since the time lost in stopping and regaining speed varies with the speed of the 
car, the travel on this highway is divided into four class intervals of hourly volume. 
It will be observed on the first two lines of Table 1 that 81. 9 percent of the automobile 
travel occurs at hourly volumes of 800 to 3, 000, and that the nominal speed of traffic 
in this range of hourly volume is 42 miles per hour. Claffey defines nominal speed as 
the modal operating speed of all vehicles of a given class while moving on sections of 
a highway where they are not stopped by highway impedances such as traffic signs and 
signals, sharp curves, etc. (2, p. 16). 

Claffey found (3) the average stopped time delay at a traffic light to be O. 21 min, or 
about 13 sec, at rural intersections. Average time delay caused by coming to a stop 
and regaining speed varies from O. 17 min at 37 mph to O. 25 min at 57 mph. At 2. 37 
cents per min the value of time savings per vehicle stopped ranges from O. 90 to 1. 09 
cents. Further steps in the calculation allow for the fact that , on the average , only 
30 percent of the vehicles are stopped, and obtain a weighted average value of 5. 07 
cents saved for each vehicle passage over the 66-mile stretch of road . The annual 
savings comes to $264,822, for the annual vehicle-miles of 345 million. 

Benefit Estimates 

In the Highway Cost Allocation Study the benefits to be derived by vehicles of differ
ent type, weight , and class groups were evaluated primarily for the purpose of making 
allocations of cost responsibility in proportion to benefits. We are concerned here 
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more with the benefits themselves as evaluated through the measuring process described 
in the preceding paragraphs. 

Table 2 gives the estimated benefits accruing to users of the Interstate System in 
1973. Total benefits are expected to reach $11.4 billion. Of this total, $8.4 billion 
will be realized by automobiles and $ 3. 0 billion by buses and trucks. 

Estimated benefits from savings in operating costs of $ 3. 5 billion account for 30. 4 
percent of the 1973 total, with time benefits ($2.9 billion) and accident benefits ($2.6 

TABLE 2 

ESTIMATED ANNUAL BENEFITS ON INTERSTATE SYSTEM 
BY TYPE OF VEIIICLE AND TYPE OF BENEFIT, 1073a 

Type of Vehicle 

Automobiles 

Buses 
Transit 
Intercity 
School and miscellaneous 

Total 

Trucks and combinations 
Single .. unit trucks: 

2-axle, 4-tire 
2-axle, 6-tire 
3-axle 

Total 

Combinations: 
With semitrailers: 

3-axle (2-S1) 
4-axle (2-S2, 3-S1) 
5-axle or more (3-S2, etc.) 

Total 

With full trailers: 
3-axle (2-1) 
4-axle (2-S2, 3-Sl) 
5-axle (2-3, 3-2) 
6-axle or more (3-3, etc.) 

Total 

With semitrailers and full trailers 

All combinations 

All tr11rkR .1nrl rnmhin~~inn,,;;; 

All vehicles 

Percent 

Time 

1,673,967 

10, 127 
22, 177 

4, 449 

36 , 753 

309 , 041 
205 , 855 

27, 379 

542,275 

125, 066 
399, 902 
92,764 

617,732 

851 
4,497 
8,297 

461 

14, 10R 

13, 476 

645, 314 

1, 1A7, fi8~ 

Operating 
Costs 

1,912,701 

8, 538 
18, 922 
3,765 

31, 225 

281,083 
197, 540 
35, 978 

514, 601 

185, 668 
640,025 
148,012 

981 , 705 

836 
4, 984 
8,034 

439 

14, ?.~~ 

14,026 

1,010,024 

1, fi24, fl2fi 

2,898,309 3,468,551 

25.43 30.43 

Type of Benefit 

Accident Impedanceb 

2,470,046 2,371,917 

6,614 
11,043 
2,648 

20,305 

54,042 
36, 647 
4,970 

95, 659 

19, 570 
42,371 
7,858 

69,799 

104 
512 
879 

40 

1, i\~i\ 

1, 579 

72,913 

HlH, ii72 

2,658,923 

23. 33 

2,371,917 

20. 81 

Total 

8,428,631 

25, 279 
52, 142 
10,862 

88, 283 

644, 166 
440,042 

68, 327 

1, 152, 535 

330, 304 
1,000,208 

248, 634 

1,669,236 

1,791 
9,993 

17,210 
940 

~H, H;J4 

29,081 

1,728, 251 

i, 880, '/8~ 

11,397,700 

100. 00 

a Amounts in thousands of dollars. bimpedance benefits assigned to automobiles only. 

TABLE 3 

ESTIMATED BENEF1TS TO BE DERIVED BY A SELECTED GROUP OF MOTOR VEHICLES PER YEAR, PER MILE OF 
TOTAL TRAVEL AND PER MILE OF INTERSTATE SYSTEM TRAVEL, 1973 

Class of Vehicle 

Item 
Trucks and Combinations 

Automobile 
2-AxlP. ?,-Axle 2-Axl~ ,1-Axle 4-Axle 4-Axle 
4-Tire 6-Til'e G-Tire (2-Sl) (2-S2) (2-S2) 

Registered gross weight or equivalent (pounds) 4,413 6,000 14,000 18. 000 45,000 55,000 55. 000 
Type of fuel Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline Diesel 

Average annual travel: 
On all roads and streets 9, 747 8. 756 8. 3B9 9 , 990 32, 133 43 , 380 64, 805 
On Interstate System 1, 597 1, 098 1, 393 1, 758 10,496 13, 835 22, 452 

Estimated benefits in Hl73 (cents): 
Per mile of total tl'avel 1. 500 1 , 243 1. 545 1, 744 3 , 832 4.489 4 , 873 
Per mile of Interstate System travel 4, 540 4 . 193 4 . 189 4, 579 7 . 529 8. 689 8 , 885 

I11l1:!!'!:ilal1:! LH:!tll:!flt::; ln 1973, (Jel' velilde 73 40 l 58 l 80 l 790 :j! 1,202 31 1 99J 

5-Axle 
(3-S2) 

66,000 
Diesel 

57, 920 
24 . 874 

5 , 221 
6 , 501 

$1, Gl7 
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signed to automobiles only, will total $ 2. 4 billion or 20. 8 percent of the total. 
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For automobiles the largest portion of the total benefits will be realized from reduc
tions in accidents, with impedance benefits next in magnitude. For buses and single
unit frucks the benefits realized from time savings are the largest. For combinations 
with semitrailers and full trailers, savings in operating costs will be most important. 

Table 3 gives the estimated 1973 benefits that will be realized from the highway im
provement program by eight typical vehicles of specified gross weight, fuel type and 
annual travel. The annual mileages are those given by the study for vehicles in the 
given gross weight group. It will be noted that the benefits per mile of travel on the 
Interstate System are substantially in excess of the benefits per mile of total travel on 
all roads and streets. This is due chiefly to the fact that the Interstate System is to be 
completed to high standards by 1973 while the needs of other systems may be only par
tially met at considerably lower standards. Therefore, the benefits occasioned by the 
completion of the Interstate System may be fully realized while only varying degrees of 
full realization of benefits can be anticipated on other road systems. 

The 1973 Interstate benefits per vehicle vary from $ 46 for a 2-axle, 4-tire truck to 
$1, 995 for a 2-82 diesel combination. The average benefits predicted for the auto
mobi.le in 1973 are $73. 

CRITIQUE AND PROGNOSIS 

The foregoing has dealt with vehicular benefits as they were measured in the Highway 
Cost Allocation Study, with a cursory look at benefit measurements by others. When a 
job is done and its product neatly wrapped up in a report, a concern for future work in 
the same field is more appropriate than either complacency or remorse for what is now 
a part of the past. With respect to benefit measurements, we should now ask ourselves 
not "What did we do wrong?" but "What can we do better in the future?" There is some 
tendency, particularly in a report produced by a government agency, to claim perfec
tion for it, lest by the admission of imperfections those dissatisfied with its findings 
may be enabled to destroy it. No honestly fabricated piece of research is either that 
good or that vulnerable to criticism. It is in this spirit that these exploits in the meas
urement of vehicular benefits are opened to clinical examination. 

A Rudimentary Model 

Although explicit instructions were developed for the computer program in the dif
ferential- benefit study, it must be acknowledged that no models supportable in logical 
or mathematical terms were ever formally developed. What is shown in the next three 
figures can hardly be dignified by the term, but they do show the fundamental reasoning 
and give some support to the procedures followed. In Figure 3 unit vehicular cost is 
plotted as a function of quantity of travel without specific definition of these variables. 
Quantities of travel perhaps would be thought of as vehicles per hour on a given road 
and unit vehicular cost as the average cost per mile or average cost of trip. The unit 
cost could apply to any or all of the four categories of cost whose reductions are de
fined as vehicular benefits. The two curves represent conditions on two roads, Rb 
representing the original road, Ra the one that replaces it. The lower limiting condi
tions, properly representing the cost of free movement of one vehicle per hour (or 
other time unit) on each of the two roads, are shown as C0 and C~. The beg.µm ing as
sumption is that the old road disappears in the construction of the new road either by a 
reconstruction or by abandonment. If we assume that the new road (perhaps a 4-lane 
road replacing a 2-lane road) accommodates the same traffic as the old road, then the 
unit vehicular cost on the old road is represented by the ordinate OC i, and the unit 
vehicular cost on the new road is represented by OC{. The total cost for the quantity 
of travel Qi is represented for the old road.by the rectangle OC1B1Q1, and the total 
cost for the new road is given by the rectangle OC{A1Q1. The difference or total cost 
reduction (vehicular benefit) is given by the shaded rectangle. 
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Now we know that, in the ordinary course of events, the new road will attract an in
creased volume of traffic which we may designate as OQ2. The temptation is to repre
sent the difference in unit cost by the line A2B2, since this is the difference in unit cost 
on the two roads at the new traffic volume. But this unit cost was never experienced on 
the old road, or at least not under the average or governing conditions with which we 
are dealing. We would therefore be over claiming the benefit if we used A2B2 as a meas
ure of the unit value of savings. 

The point is made clearer yet if we indicate the new quantity of travel as represented 
by the line OQ3, which is a magnitude beyond the capacity of the old road. Here there 
is no upper limit to the cost ordinate and no way of measuring the unit cost reduction. 

How may we extend or elaborate the concept to take care of this complication? It is 
recognized that the increased traffic on improved roads is composed of that diverted 
from other roads and that induced either by a general growth of traffic or specifically 
by the improvement itself. Since the new road will accommodate a greater traffic than 
roads of the older type, we may visualize, in the first instance, the traffic on roads of 
type Rb as being accommodated on a smaller number of roads of type Ra. Thus ten 
roads of type Rb might be replaced by six roads of type Ra, causing the traffic volume 
on the new roads to be higher than on the old roads. This condition is represented in 
Figure 4, where the average traffic on roads Ra is represented by the line OQ4. The 
unit cost for this higher average traffic volume is represented by QC4 and the reduction 
in unit cost by C1C4. The total cost reduction is represented by the shaded rectangle. 
Comparison of Figures 3 and 4 reveals clearly that we have eliminated the overclaiming 
of benefit shown in Figure 3 . 

It is customary, in discussing diagrams of this sort, to hold that the net benefit con
sists of the reduction in unit cost multiplied by the pre-existing travel volume OQ1 plus 
one-half the increase Q1Q4. This would be represented by the trapezoidal figure 
C1B1A4C4. The basis for this view is that the build-up of road improvement and traffic 
volume is incremental and the final increment of traffic benefits only from the final 
increment of road improvement. If this were true a period of stability (no additional 
road improvement and no increase in traffic) would be one in which no benefits were 
enjoyed from the road improvement Ra. But the comparison is with the old condition, 
Rb, and all users, at a given time, share alike in the reduction of unit costs over those 
prevailing earlier. To use a homespun example, if a pair of shoes cost three days' 
work in 1900 and one-half day's work in 1940, and again one-half day's work in 1960, the 
improved condition of the 1960 workman was equal to that of his 1940 counterpart, even 
though there was no further improvement in the interim. Furthermore, equal felicity 
in buying shoes was enjoyed in either year by those old enough to have bought shoes in 
1900 and those who in that year were not yet born. 

Not all possibilities or variable circumstances are provided for by Figure 4. In par
ticular, the assumption that roads of type Rb are entirely replaced by roads of type Ra 
is not tenable. Although many roads are reconstructed and some are abandoned, the 
more common practice is for the old road to remain in existence but to retrograde in 
importance when a modern road is built in the same corridor. Thus an Interstate route 
may replace a federal-aid primary highway with the latter remaining as a route of 
secondary importance serving shorter trips and also serving as an alternative or aux
iliary to the Interstate route. A primary state highway may be relinquished to the 
county and become a county primary when a new state highway is built in the same cor
ridor. 

When this type of substitution occurs, the simplest condition we can assume is that 
the traffic OQ1 is distributed, without increase, between the two highways. Since this 
condition is quite unlikely to occur, it is not shown. In Figure 5 is shown the condition 
where traffic volume OQ1 on the old road (or an assemblage of roads of the old type) is 
replaced by an increased average traffic volume OQ4 on the new roads Ra, plus a di
minished traffic volume OQs on roads of the old type Rb. Unit costs under the old con
dition are represented by the ordinate OC1, unit costs on the new roads Ra by OC4, and 
unit costs of the diminshed traffic on the old roads Rb by OCs. It is clear that under 
these conditions the cost reductions are represented by the sum of the two shaped rec
tangles, C..A4B4C1 and CsAsBsC1. 
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The savings in vehicular costs resulting from reduction in traffic on an old road when 
a new one is built actually do occur, but generally only for a short period. The general 
increase of traffic to be served and the resurfacing, widening, and other reconditioning 
of old roads generally results in their performing increased service even though retro
graded in stature by the building or a new mad. The normal condition is that roads are 
being impro,·ed at all levels and Figure 4 may lJe 1•eganled ai. lypical of the cost reduc
tions provided, whether the old roads are replaced or arP. thP.mRP.lVP.R inclnded in the 
improvement program. For these reasons the increment of benefit caused by reduced 
traffic on old or retrograded roads was not taken into account in the differential-benefit 
study. 

It may be that the approach to benefit measurement illustrated in these three dia
grams is rather elementary, perhaps even naive. It is quite true that a more sophis
ticated analysis, based on the network concept, is called for. Students of the subject 
an:/ lJegiuuiug Lu cum:enlrate on this type of solution, but that is another story. 

Improving the Measurement of Costs and Benefits 

Those who were engaged in the differential- benefit study were not entirely happy with 
the means available for meaRnring vehicular costs and the benefits resulting from re
duction of costs. The experiments conducted by Dr. Claffey and by several universities 
(2, 3, 8) produced new data on the subject. Those which measured operating or running 
cost were more successful than the effort to find unit values for time cost and the im
pedance cost of congested driving, in which the relative numbers using toll routes and 
alternative free routes were used as the basis of a statistical solution. 

Running Cost.-Work has been going on and progress has been made in the years 
since the experimental work of the differential-benefit study was performed. In the 
field of running costs the work of Winfrey (13) at the Bureau of Public Roads and 
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Claffey (14) for the National Cooperative Highway Research Program can be cited. 
Certainly it is important to update continually measurements of motor-vehicle perform
ance and corresponding costs under varying conditions. One of the difficulties in this 
field is that experimental work in vehicle operating costs, however accurately done, 
can only be performed with a small number of vehicles. Efforts to attack the problem 
from the standpoint of records or questionnaires, of which the work of Stevens (15) and 
Lieder (16) are examples, encounter the opposite difficulty that pinpoint accuracyis 
impossible no matter how carefully selected the sample. A judicious combination of 
experimentation and sampling seems to be the only valid approach to the problem of 
measuring operating costs. 

Another difficulty is the wide extent of variation in performance characteristics 
among the different types of commercial vehicles. It may be fairly reasonable to try 
to find a representative automobile, although a minimum of three varieties seems pre
ferable. To find a representative truck is an impossibility. To run the gamut of per
formance and operating cost characteristics it would be necessary to obtain both ex
perimental and statistical data for each of the major visual types of trucks and com
binations, not to mention buses. 

Measm•ing the Vallie of Time. -By the time the differential- benefit study was com
pleted, two major gains had been recorded in the hazardous exploit of trying to meas
ure the value of time: (a) recognition of the demand or market value of motorists 
travel time, regardless of purpose of trip; and (b) recognition that in any measurement 
of the mean value of time the standard deviation of such mean value will be large and 
generally of the same order as the mean value itself ( 11, 17) . 

Rather curiously, there are at least four ways of measuring the value of automobile 
travel time, all of them fraught with uncertainties. Perhaps the first to be used was 
the so-called trade-off method by which, for example, the value of time to a person 
wishing to travel at 65 rather than 60 miles per hour is computed by measuring the 
increase in fuel, tire, and other costs resulting from such an increase in speed.1 

A second method is that used in the differential-benefit and some earlier studies, in 
which the mean value of time is measured statistically by comparing the preferences 
of motorists for traveling on toll roads and alternative free roads. A third method is 
that of making the assumption that the motorist, under the postulated condition, values 
time at the rate of his salary or wage. The fourth method is that of determining the 
value of motorists' travel time by the highway costs that are incurred to provide time 
savings of given magnitude. This method was proposed by Vaswani in 1958 (18). More 
recently this approach has been followed in work at the Stanford Research Institute by 
Haney (19) and Curry (20). Stated in familiar terms, the idea is that if a certain cost 
is incuned to replace a2-lane road by a 4-lane road, for example, in order to save a 
certain quantity of motorists' travel time on that route, the the total time saved may 
be divided into the total cost to obtain a unit value of cost of time. This is, of course, 
an oversimplification, but it illustrates the concept. 

Further work in the cost or value of time should explore all of these concepts to de
termine how they may lead to a unifying method. There should also be an evaluation of 
the philosophy involved and a rather salty appraisal of the extent to which this particular 
tool needs to be used in the measurement of benefits and other aspects of economic 
analysis. 

Measurement of Impedance.-The term impedance, by an interesting analogy to elec
trical phenomena, was applied by Cherniack (21) to those events or obstacles that im-

1Mathematically it is a question of minimizing costs: If C = cost per mile, S = speed in miles per hour, 
v = value of time in dollars per hour, and other costs are represented by a function of speed, f(S), then 

C = v/S + f(S) 

Differentiating and equating to zero, 

dC/dS = -v/S2 + f
1
(S) = O; 

V = S2 f
1
($). 
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pede the free flow of traffic. The obstacles themselves are poor road conditions, in
tersections, vehicles on the left or right or approaching from the roadside, vehicles to 
be passed or met, etc. The driving maneuvers that result are stops, start, braking, accel
erating, right turns, left turns , passing and being passed, etc. All of these actions require 
both muscular and mental effort on the pa.rt of the dri ve1· and increase the strain of the d.ri ving 
operation. The optimum driving condition would not be one making no demands on the atten
tion of the driver, for this is likely to lead to drowsiness. The ideal freeway condition is not 
that of a level tangent, but one of gently rolling curvature, with pleasing variations in the 
environment. 

That motorists demand such conditions and are willing to pay for them can hardly be 
questioned. To find a way of evaluating t he intensity of the demand in dollar terms is, 
however, a difficult problem. In the differential benefit study we followed the lead of 
Greenshields (22) and others in using the summation of speed changes as a measure of 
impedance on the ground that all of the driver actions caused by nonuniform driving are 
characterized by change of speed. Greenshields, in more positive terms, uses speed 
changes as an inverse measure of the "quality" ofaride, but the principle is the same. 

There have been objections that speed changes are a crude measure of the comfort 
and convenience (or perhaps discomfort and inconvenience) factor. The results of the 
experiment made with toll roads and their alternative free roads were not such as to 
give unquestioned support to the speed-change unit. The work of Mi.chaels (23) and 
others in using the Galvanic Skin Reflex (GSR) for measuring driver tension responses 
to traffic events offers a promising substitute for the measurement of speed changes, 
and one that is much more directly related to the subjective responses of the driver to 
events causing strain or tension. · 

This line of inquiry is not confined to the use of the GSR device. More recently, 
tlu·ough the development of attitude scaling teclmiques the effort has been made to gage 
the attitlldes of motorists towai·d freeways and their alternative non-freeway routes, 
and thus to probe the motivations leading to choices between them. ln the most recent 
report on the subject, Michaels (23) supports this approach with the remark, "No eco
nomic determination seems feasible unless the scale of values drivers use and its rela
tion, if any, to dollars is known." 

One might be tempted to reply to this statement by pointing out that economic evalua
tions are often (indeed most often) made without inquiring into motivations or scales of 
values. Thus one can analyze the relative demand for oranges and persimmons by 
studying the production, distribution, and marketing characteristics of the two products 
and arrive at useful conclusions. Nonetheless, the study of the motivations of con
sumers has lone; since proved its valuA in marketing research, and a more sophisticated 
approach to the study of the relative demand for different forms of highway service is 
indeed welcome. One of the subjects worth probing is lhe exlenl lo which noneconomic 
measures can be substituted for dollars in evaluating the effects of time savings and 
reductions of impedance on the demand for freeways and other types of highway im
provement. 

Research in Highwa.y Safety and Accident Costs. -In the differenlial-benefit study the 
data on accident costs were derived from the state studiP.R of the subject made in co
opf:'r-ation with the Bureau of Public Rauda (13). There is great promise Uial reseai·ch 
in the next few years will refine the data on costs of motor-vehicle accidents. Project 
2-3 of the National Cooperative Highway Research Program, "Analysis of Motor
Vehicle Accident Data as Related to Highway Classes and Design Elements," is being 
conducted by Cornell Aeronautical Laboratory, Inc., and an interim report was pro
duced in August 1964 (25). The recent impetus given to research in highway safety and 
the orientation of the Public Roads research program in that direction give promise of 
further fruitful development. 

The Integrated Approach to Measurement of Benefits 

As in all branches of research, it is to be expected that the application of sophisti
cated modern methods to the measurement of vehicular costs, and vehicular benefits 
in retluclions of costs, will produce systematic procedures readily adaptable to com-
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puter handling. Work has been going on for some years at Massachusetts Institute of 
Technology through which the elements of highway and vehicular cost as functions of 
topography, road characteristics, and traffic can be programmed for the solution of 
problems in alternative location and design, 

The techniques developed at MIT and examples of their use have been set forth in 
numerous reports and papers (26). Among them the 1962 paper, "An Evaluation of 
Techniques for Highway User Cost Computations," by Lang, Roberts, and Robbins, 
compares the EA-1 (computer simulation) and the AASHO methods for computing vehi
cle operating costs on alternative route locations and interchange designs. The 1963 
paper, "Link Analysis for Route Location," by Roberts and Suhrbier, deals with the 
problem of alternative location decisions with respect to links in a highway network. A 
conspicuous aid to this work is the Digital Terrain Model developed at MIT. Although 
these researchers claim only modest accomplishments to date, the possibilities in the 
substitution of automated for conventional methods of economic analysis are vast. 

Kuhn (27) outlined the essentials of an approach to highway planning that would sys
tematize ilin terms of economic theory. Adoption of Kuhn's principles, and techniques 
based on them, would tend to insure that internal and immediate decisions in highway 
planning would be governed by broader considerations of economic policy in the metro
politan area, the state, and the nation. A hint of his underlying objective and viewpoint 
is given in the following quotation: 

Throughout, it was pointed out that many market and non-market cost and 
gain effects wi 11 be caused by highway actions. These different value species 
pose treacherous problems of identification, quantification and aggregation. 
Although they may have to be presented separately, in dollars, in words, in 
physical or other terms, it is not permissible to ignore any effects for which 
evidence exists and which are relevant to the problem at hand. Some cost 
and gain effects wi 11 appear to be intern a I, others extern a I, to the analyst's 
area of responsibility. It was argued that any public agency, by virtue of its 
legislative mandate, must adopt the broadest possible viewpoint-that of the 
national, state, regional, or metropolitan economy. This means that any proj
ect effects occurring within this broadest of horizons-repercussions inflicted 
upon other projects, technologies, transportation or the economy as a whole
are internal to the decision-making viewpoint, and therefore of analytical 
interest and concern. 

There is no question that there are immense possibilities in an integrated approach 
to highway planning, of which the measurement of costs and benefits would be an inci
dental product. A word of warning, however, is perhaps not amiss. There is a temp
tation in such research to think in terms of a highly articulated system that would solve 
all problems. The resources of operations research and automatic data processing are 
so great and so rapidly increasing that the analyst may dream of a system that would 
automate all decision-making in highway location, design, administration, and financing. 
The tremendous potentials of modern analytical methods must be realized and used to 
the extent of their applicability. No single system, however, can solve all major prob
lems, let alone the minor ones . 

There are two dangers in a system of analysis that would provide for the unified pro
cessing of all highway data for the varied uses to which such data have to be put. One 
danger is that the fully integrated system would fall of its own weight and, in spite of 
computer speed, be found unable to produce the needed analysis in time for the decision
making. The other danger lies in the fact that no model or system of models is perfect. 
No model can take account of all the variations or predict all the contigencies; each one 
is an abstraction from reality which inevitably simplifies the complex. Finally, any 
system of analysis will be found to produce its best results in the sphere in which its 
creator is most expert. Thus a model created by an expert in economic analysis might 
appear to be applicable to highway taxation problems because its mathematics apparently 
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embraced all the major variations, but might be found on further scrutiny to neglect 
considerations that are essential in that field. 

Factors Tend~ng To Reduce Benefits 

The estimates of future benefits of the Interstate System were given in the differential
benefit study and quoted here for the year 1973. This is the first year after the sched
uled completion of the Interstate improvement program. It is possible to extend the 
benefit estimates further-e. g., to the year 1990-by applying the estimated vehicle
miles of subsequent years to the benefit factors developed in the study. The question 
arises as to whether there is a basic inaccuracy or tendency toward overestimate in 
applying this process. A broader question is whether in these or any other benefit 
calculations there is a tendency to "accentuate the positive" and fail to take account of 
factors that would tend to reduce the benefits actually realized below their calculated values. 

One adverse factor that the touring motorist will at once recognize is the effect of 
construction work going on. In spite of the best efforts of highway departments and con
tractors' organizations, the motorist or commercial vehicle forced to travel through 
or around a construction project is subjected to increases in running costs, time delays, 
discomforts, and hazards quite as real as the reductions in corresponding costs that he 
will realize from the completed project. During a period of accelerated construction 
activity, such as the present, these adverse effects are of considerable magnitude, and 
some motorists may get the impression that they are suffering more than they are bene
fiting from the construction program. 

More serious, and of more long-range effect, is the failure, in computing future 
benefits, to take account of their trend toward reduction as time goes on and conditions 
change on a particular road or network. The benefit calculations in the differential
benefit study were conservative in that they were restricted to those situations or time 
periods (such as the hours of peak traffic) when the benefits of a new road over an old 
road (4-lane divided over 2-lane, Ior example) are demonstrable and capable of positive 
evaluation. It is true, however, that as a new road, such as a freeway, becomes older, 
the traffic tends to increase and the percentage which its peak-hour traffic bears to its 
practical capacity becomes higher. A calculation based on time savings at certain com
parable conditions on the old road and the new tends gradually to become invalid as 
peak-hour traffic approaches capacity. This gradual diminution of the benefit-producing 
potential of a road applies to all the four categories of vehicular benefit and probably to 
mnc::t nf th,=, h,:,n,:,fit-prorlnringf,=,:atnr,:,s: nf highway imprnlTPmPnt.c::. 

Since we are verging on a revolution in the art of calculating benefits, based on the 
potentials of systems analysis and computer technology, there seems to be no reason 
why the factors tending to reduce benefits both during the construction period und us 
time goes on after the completion of the improvement should not be taken into account 
in the procedures that are developed. This poses a challenge to the model-makers; no 
doubt they will be equal to the task. 
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