QUANTIFICATION OF ROAD USER COSTS

A Comment with Special Reference to Thailand'

By P. W. Abelson*

1. INTRODUCTION

Much of the work on road user costs in developing countries since 1966 has been
based on the excellent study by J. de Weille for the World Bank entitled Quantification
of Road User Savings.2 Despite the author’s reservation that the study was intended
as a “first step in the direction of a generally accepted homogeneous approach to the
problem of estimating road user savings”, consultants and governments have tended
to accept the results uncritically. De Weille stressed that there were data gaps and
other weaknesses in his study but hoped, nevertheless, that it would “contribute to
further improvements in the assessment of the economic benefits of road projects in
developing countries”. In this spirit, the present paper attempts to show, on the basis
of work done in Thailand, that there are a number of areas in the de Weille study
which can usefully be supplemented by further data and analysis.

Local Conditions

The de Weille study inevitably drew largely on experience in North America and
Europe, because of the lack of information for developing countries. Since conditions
in developing countries are often significantly different, definitions of roads and
vehicles and measurements of costs and prices must be put in the specific local context
for analytical and decision-making purposes.

Technical Relationships

A number of the technical relationships for fuel consumption, tyre wear, main-
tenance and depreciation in the de Weille study were based on thin empirical evi-
dence. Because these are important in benefit-cost analysis they need examination
and sometimes correction before application in actual project investigations.

Time Savings
The de Weille study characterised time savings as ‘“‘affecting only mildly the
calculation of road user costs and savings”, and suggested that “projects involving

*T, P, O’Sullivan & Partners.

1This paper is based on one entitled “Road User Costs in Thailand”, which I wrote while working
as an adviser to the Department of Highways, Bangkok. I should like to thank Mr. R. Spottiswoode
and Mr. S. Thriscutt of T. P. O’Sullivan & Partners, Bangkok, for their many helpful suggestions
on the original paper.

2World Bank Occasional Paper No. 2, 1966 [1]. Since the Bank does not, for familiar reasons,
“accept responsibility for its accuracy or completeness”, we refer to the study as the de Weille study.
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road user savings resulting from relief of congestion . . . are probably less common
in developing countries”. In Thailand, however, time savings were frequently found
to be more than a third of expected road user savings. This suggests that the assump-
tion that time is of little value in developing countries needs re-examination and
that, where it is found to be important, increased attention must be given to measure-
ment of time savings in those countries.

Accidents and “Overheads”

The de Weille study deliberately excluded savings in accident costs as a road user
benefit. But the reduction of accident rates often seems to weigh heavily in the minds
of decision makers in developing countries as a justification for road improvements.
Conceptually, these and overhead savings (which were also omitted from the de
Weille study) can be considered as direct vehicle operating costs, and we briefly
consider them below (section 10).

These four points are elaborated in the sections that follow. Like de Weille, we
have not considered other factors that may be of critical importance in a compre-
hensive feasibility study. Among these may be less damage to goods, reduced inven-
tory costs as a result of greater dependability of supplies and increased speed of
transport, and the development and environmental effects of road investment.

2. CLASSIFICATION OF ROADS

The de Weille study classified roads as paved, laterite or earth. Many other studies,
including, for instance, the Road Research Laboratory study on East and Central
Africa [2], have used a similar classification. Classication by road surface type, which
suggests homogeneity within each group, is however not entirely appropriate for
countries such as Thailand where there is a wide diversity of construction and
maintenance standards. Paved roads may be narrow, poorly aligned and unevenly
surfaced. Operationally they may be no better, and sometimes worse in terms of
journey times, than a good, well aligned and maintained laterite-surfaced road.
Furthermore, although soils in many parts of Thailand are geologically lateritic,
“laterite” roads vary in their load bearing and other characteristics, so that the
difference between a “lateritic” and an “earth” road is often obscure. In these
circumstances, it is necessary to describe roads by their whole physical and engineer-
ing nature rather than by their surface material alone.

The roads in Thailand are generally poorer, for example, than those in East
Africa or those typified in the de Weille study. In Thailand as compared with East
Africa traffic flows are generally high, vehicles are frequently overloaded, the climate
is inimical to roads, supplies of good road building materials are scanty, and main-
tenance standards could be improved. The older paved roads in Thailand are
typically double bituminous sealed, and need more maintenance than the asphalt
concrete roads found in the U.S. and Europe. Above all, however, the critical
factor in Thailand and other tropical rainfall countries is the ability of a road to
stand up to heavy seasonal rain and heavy traffic at the same time. Although laterite
is a more durable material than earth, especially under wet conditions, a laterite
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road on a low embankment with poor drainage or maintenance is no more “all
weather” than an earth road. In some parts of the world, laterite roads are deliber-
ately closed by “‘rain barriers” for some hours during and after heavy rain in order
to let them dry out and so avoid damage by heavy trucks.

In Thailand, we therefore classified roads more according to their serviceability—
first-class paved, second-class all-weather and third-class seasonal. These classes in
practice are often close to de Weille’s, but there are important differences, especially
in the treatment of the third-class road.

First-class paved roads are those roads allowing ‘““bench mark’ speeds of 80 kph for
cars and 72 kph for trucks. The “bench mark”3 speed is the average speed that may
be comfortably maintained on level tangent sections without traffic congestion,
although section speeds may be lower because of gradients or congestion. If the
alignment is tortuous or the paving poor, so that the bench mark speeds cannot be
achieved without detriment to the vehicle, the paved road is classified as second-class.
Sometimes a well engineered and maintained unsurfaced road allows speeds of
80 kph or more with reasonable comfort and so might be regarded by the traveller
as first-class. Usually, however, the riding quality of unsurfaced roads is inferior to
that of paved roads, and the dust which may be associated with such speeds during
the dry season makes them a different product from a paved road.4

Second-class all-weather roads include some paved roads and well engineered and
maintained laterite roads where the car bench mark speed in 64 kph and the truck
bench mark speed is 56 kph (as in the de Weille study). Higher average speeds may
be achieved, but this would be at the expense of the vehicle and of the comfort of the
passenger. The surface and the average speeds on these roads would not be seriously
affected during the monsoon season. Very well drained and maintained earth roads,
with generally level surfaces, are considered second-class roads only if the drainage
is so good that the rains have little effect on the all-weather use of the road.

Third-class seasonal roads include all other roads, varying greatly in standard from
those close to second-class roads down to those which at times in the year are not
motorable.5 While mainly consisting of earth roads, this group includes many
laterite roads made of unsuitable materials or poorly drained. Speeds on third-class
roads are determined mainly by the road surface conditions, which may vary
significantly over the year, while speeds on better roads are determined more by the
volume and mix of traffic. Given the wide variation in the standard of third-class
roads, it is not realistic to adopt a uniform operating cost on these roads. Operating
costs on third-class roads, especially depreciation and maintenance costs, rise
considerably as road conditions deteriorate (Sections 6, 8).

3The terminology is from the de Weille study.

4These views have been borne out by recent experiments by the RRL in Kenya. “Practically all
the bitumen surfaced roads have less surface irregularity (S.I) than the best gravel and earth roads.
However only about 40 per cent of the bitumen roads tested had an index of S.I of under 200 ins./
per/mile, which under normally accepted levels of riding quality would suggest that over 50 per cent
of bitumen roads would be classified under the ‘poor’ or ‘bad’ surface categories requiring remedial
treatment” (unpublished Note [25] ).

5The term “‘seasonal’” implies variability over the year, not that these routes would necessarily
be impassable at any time of the year.
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The road classifications adopted in Thailand attempted to account for the total
economic and physical reality better than do the terms paved, laterite and earth.
The definition of class 3 roads, which in many developing countries form the bulk of
system mileage, seems especially to allow a more realistic approach to the anslysis
and quantification of road user costs on such roads than the de Weille definition,
which implies that all third-class roads are equal. This flexibility in analysis is
necessary when one is forecasting the effect of increased traffic volumes on both
speeds and conditions of inferior roads, as increased road maintenance is often
inadequate. Far more work needs to be done, however, on the rigorous and numerate
definition of road standards or classes as a function of all the relevant engineering
and traffic variables, along the lines of the current RRL work in Kenya [25], in
order to attain reasonable accuracy in highway feasibility studies, and most especially
for feasibility studies of road maintenance programmes, which are becoming
increasingly important.

3. THE CLASSIFICATION OF VEHICLES

The classification of average vehicle performances and prices in the area of study is
basic to quantifying user costs. The de Weille study described the performance of
three cars—the VW 1175 c.c., the Chevrolet Belair and an average of the two—
and four trucks with carrying capacities ranging from approximately 1:0 to 19-0
metric tons. Surveys in the country or region under analysis are necessary to establish
the extent to which the local vehicle population conforms to the de Weille types.6

In Thailand, five vehicle classes were distinguished: cars, small trucks, small buses,
large trucks and large buses. The average car was larger than the VW 1175 c.c. but
smaller than the average VW-Chevrolet Belair. Small trucks and buses were similar
to truck 1 in the de Weille study, but differed from each other in lifetime mileages
and occupancy rates. The size of large trucks in Thailand was between de Weille’s
trucks 2 and 3; diesel fuel was used more often than the gasoline assumed by him.
Large buses, an important mode of transport in Thailand, have no equivalent in the
de Weille study. Finally, most buses and trucks and many cars in Thailand were
Japanese, and varied significantly from European and North American norms in
vital vehicle parameters such as power-weight ratio, volume-weight ratio, weight
distribution and (on multi-axle trucks) number of driving axles.

The “average” vehicle may be either the median or the mean average, depending
on the characteristics of the vehicle population. In Thailand, which is probably
typical in this respect, the median car price was only three-quarters of the mean car
price (with or without tax). The median car was considered a more relevant basis
for fuel consumption and tyre wear costs, as the operating characteristics of fuel and

60ther vehicle operating cost models of course exist. Harvard University, for instance, has
developed a world-wide model in which vehicle operating costs are expressed as a function of 30
equations. This model requires 19 vehicle parameters for 5 vehicle types appropriate to the country
or region from which to calculate the relevant vehicle operating costs. Most of the equations require
also a cocflicient relating to road standards, so that the Harvard model can be used with the de Weille
road co-efficients. (See [24] for an example.)
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tyres were found to be normally distributed around the median car—a car costing
twice as much as the median average car does not consume twice as much fuel or
twice as many tyres. But the mean car was more appropriate for the calculation of
the costs of depreciation, interest and spare parts for maintenance, as these costs are
a function of the total capital at stake on the roads.

4. FUEL AND ENGINE COSTS

Fuel costs to the vehicle owner are composed of a performance component
represented by kilometres run per litre and a (real) cost component in the form of the
(tax free) price per litre.7 The de Weille figures for fuel consumption need to be used
with caution. Discussions in Thailand, for instance, suggested de Weille set too
high his estimate that the small European car (the VW 1175 c.c.) runs 17-9 kms per
litre of gasoline at optimum speeds and 148 kms per litre at 80 kph, while the esti-
mate of 7-8 kms per litre of gasoline at 72 kph for trucks in category 1 seems low.
Accordingly both were adjusted after discussions with dealers.

Estimates of the real cost of fuel require that market prices be adjusted for taxes,
and also in many cases for subsidisation of diesel users by gasoline users. Estimates of
the percentages of trucks using diesel and gasoline, and of regular and super gasoline
consumption by cars, are also necessary. More difficult problems arise in assessing
the effect on fuel consumption of changes in speeds, alignments and surface types.8
The de Weille evidence seems stronger on the relationships between speed and
alignment and fuel consumption than on the relationship between road surface and
fuel consumption.

The de Weille study estimated that fuel consumption by cars was 20 per cent
higher on gravel than on paved roads, and a further 20 per cent higher on earth
roads, at around 50-60 kph. The percentage differences were marginally lower at
lower speeds. There is some evidence that differences in fuel consumption by cars at
reasonable speeds, such as 50-60 kph, on different road surfaces are less than 20 per
cent, especially between paved and gravel roads (de Weille study [1], Annex table 11,
RRL study [2] and AASHO study [3]). On the other hand, the percentage differ-
ences in fuel consumption between gravel and poor third-class roads are probably
higher at lower speeds because pot-holes, surface failures and corrugations on the
poor roads are likely to cause greater increase of fuel consumption than is caused by
traffic congestion on good roads. The same argument applies to trucks as to cars.
Table 1 gives an abbreviated? car fuel consumption index for different roads in
Thailand.

Engine oil costs are generally so small an item in operating costs that they can be
ignored. Typically, they are well below 1-0 per cent of all vehicle operating costs,

71t is understood throughout this paper that the “‘real” costs in feasibility studies should exclude
tax.

8Detailed information on the effects of these factors may be expected from the study now in
progress in Kenya by the Transport and Road Research Laboratory and World Bank [25]. This
study is the logical sequence to the de Weille study.

9Some abbreviated tables are given to illustrate the points in the text; fuller tables were given in
my earlier paper.
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TaBLE 1
Fuel Consumption Indices by Road Class in Thailand (Cars)

Percentage Increase on Class 1

Speed Class 1 Class 2 Class 3

kph Paved All Weather Dew|Gravel Seasonal Dew|Earth
32 93 +17 +17 +32 +34
48 85 +16 +21 +30 +42
64 89 +15 +21 +25 +42
80 100 +17 +22 +28 +44

including depreciation and time costs. Further, following the de Weille study, engine
oil costs for cars and light trucks vary comparatively little with changes in speeds
and surfaces, so that changes in engine oil costs are generally less than 0-5 per cent
of the total changes in operating costs as road conditions change.

5. TYRE WEAR

The de Weille study estimated that at average lifetime speeds on paved roads the
life of car tyres was 80,000 kms and the life of truck tyres 100,000 kms. On the other
hand, two New Zealand studies [4], [5] and one in South Thailand [6] estimated the
life of car tyres at 25,000 kms. Similarly, Thai studies [7] estimated the life of truck
tyres at 45,000-50,000 kms. and a Japanese study [8] estimated it at 60,000 kms.
The difficulty with the Thai evidence is that the vehicles travelled on all classes of
roads, whereas it is the life mileage on one class only, usually paved roads, which is
needed as the basis upon which road improvements can be calculated. But the
evidence suggests that the de Weille tyre lives on paved roads are too high, particu-
larly under high ambient temperatures.

Tyre wear is a function of speeds and of road surfaces, among other factors. The
de Weille study quoted an ECE and a Norwegian study [9], [10] which gave
divergent results (see Table 2). The de Weille study followed the ECE findings more

TABLE 2
Tyre Wear and Speed: Index of Useful Life on Cars*

Speed De Weille ECE Norway Thailand
(kph)
Light Cars Heayy Cars
32 232 146 250 233 164
48 146 126 167 169 130
64 100 100 100 100 100
80 73 77 59 63 77

*The tyre-wear-to-speed index was similar, though not identical, for all vehicles in the de Weille
study.
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closely above 64 kph and the Norwegian findings more closely below 64 kph. This
resulted in tyre wear being shown as highly sensitive to speed, being three times as
great at 80 kph as at 32 kph, which seems high.

The de Weille study also gave large differences in tyre wear on different types of
roads. The comparisons in Table 3 are made at the respective benchmark speeds
(given in brackets) for the roads. If the same speed is assumed for all classes of road,
much greater differences in tyre wear are implied for different surfaces (Table 4).

TABLE 3
De Weille Index of Tyre Costs on Different Roads at (de Weille) Benchmark Speeds

Paved Gravel Earth
Cars 100 (80 kph) 200 (64 kph) 350 (56 kph)
Trucks 100 (72 kph) 200 (56 kph) 450 (48 kph)
TABLE 4

De Weille Index of T yre Costs on Different Roads at One Speed

Paved Gravel Earth
Cars at 64 kph 100 270 490
Trucks at 56 kph 100 296 685

These results seemed unreasonable on the clay soils found in Thailand. Certainly
the risks of a puncture or blowout increase on typical laterite roads and earth roads
because of corrugations and pot-holes, not only because of stones but from the
greater amount of sidewall flexing. Against this has to be set the fact that the gravel
or earth surface is usually of a friable nature, so that there is less wear caused by
friction than on a paved surface. In addition, since speeds are often slower, tread
wear through braking is likely to be less.

Table 5 includes evidence from sources quoted in the de Weille study and two
others, which on balance do not seem to justify the de Weille conclusions. The RRL
study [2] even suggested that tyre wear was lower on laterite roads, possibly because
of the lower speeds; but this is evidence that the surface can be of minor importance,
particularly if gravel or earth surfaces are well maintained. Tyre wear is heavier on
poor roads built on rocky soils, as for example in Jamaica.

Table 6 shows the indices for tyre wear adopted in Thailand. The first two indices
on the left show a constant relationship between our first and second-class roads,
but tyre wear on third-class roads increases as the road deteriorates at lower speeds.
(See Section 2.) The indices on the right show the tyre wear as a function of speed
as well as of road surface.
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TABLE 5
Evidence of Tyre Costs on Different Classes of Roads at Benchmark Speeds

P. W. Abelson

Source Country Class 1 Class 2 Class 3
[11] Brazil:
Car 100 — 416
Truck 0-3 tons 100 — 400
Truck 3-6 tons 100 — 278
Truck 7+ tons 100 — 313
[9] ECE 100 — 200
[12] Japan:
Truck 100 200 —
[10] Norway :
Light Car 100 — 270
Heavy Car 100 — 260
[2] East Africa:
Freight Vehicles 100 87 125
Buses 100 94 117
[13] India:
Cars 100 137 —
TABLE 6
Indices for Tyre Wear in Thailand. All Vehicles*
Wear = Function of Road Surface only ~ Wear = Function of Surface and Speed
Speed
(kph) Class 1 Class 2 Class 3 Class 1 Class 2 Class 3
32 100 160 260 69 111 180
48 100 160 220 89 142 194
64 100 160 190 114 183 * 216
80 100 160 — 149 283 —

*The de Weille study argued that truck tyres suffered more than car tyres on poor roads, but the
Brazilian study [11] showed the reverse. Although trucks carry greater loads, this is offset, to an
unknown extent, by the much heavier construction of truck tyres.

We believe that the de Weille net tyre benefits from “road” improvements are
high, unless soils are very rocky. Improved roads can bring significant benefits in
tyre wear at given speeds, but these are often substantially offset by the higher speeds
permitted by the improved roads.
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6. DEPRECIATION
The de Weille study, and most consultants in Thailand, include depreciation savings
in road user savings. But there is little discussion in these studies of the nature of
depreciation; and depreciation savings are often excluded from feasibility appraisals
in the U.K. (for example, for passenger vehicle trips to and from airports in the
Roskill Commission study [4]).

The economic life of a vehicle is a function of time and mileage performed. Im-
proved roads increase potential lifetime mileage by reducing the physical wear on
vehicles, and therefore reduce depreciation costs per mile. They also increase speed;
this, in turn, permits or encourages an increase in annual mileage and therefore in
lifetime mileage, but not proportionately, since speed also increases physical wear.
This relationship between annual and life mileages is well discussed in the de Weille
study.

Reduced physical wear and increased speeds both increase the life mileage of
trucks and buses. If the effect is to reduce the stock of trucks and buses required for a
given workload, depreciation costs per vehicle mile are reduced, and this can be
legitimately counted as a benefit to the road improvement project. Similarly, the
reduced physical wear on cars increases life mileages and reduces the replacement
demand for cars.

Increased speeds, however, do not necessarily reduce the total demand for cars.
Higher speeds may leave annual car mileage unaltered and even reduce life mileage.
In other cases, a greater annual car mileage may be undertaken at higher average
speeds; but since cars, unlike trucks, tend to be under-utilised, the extra utilisation
will not generally save any capital investment. Savings in depreciation costs are
legitimately counted when there is a change in the demand for vehicles. If there is
no change in demand, there is no saving of investment resources or depreciation
costs. If car mileage is generated, with no change in the stock of cars, the generated
mileage is justified by the change in marginal operating costs, most usually by time
savings.

So far, we have argued that increased life mileages create savings in depreciation
costs per vehicle mile when the investment in vehicles falls, but not when the invest-
ment is unchanged. Road improvements may also generate investment in vehicles.
This is especially true in less developed countries or regions, where highway develop-
ments can radically alter transport costs and give rise to many generated traffic trips
by generated vehicles. In more developed countries, where road improvements tend
to be marginal and cars are already widely owned and under-utilised, generated
traffic is usually the outcome of a more intensive use of the existing vehicle stock.
When there is a reasonably established link between generated trips and generated
vehicles, it is legitimate to include the depreciation savings per vehicle mile on
generated trips as a measure of the gain in consumer surplus (or at least half the
savings, following the conventional assumption about the shape of the demand curve
for generated traffic).

The de Weille study gave the depreciation indices shown in Table 7 for vehicles
on different roads. These indices do not distinguish between savings due to lower
physical wear and those due to higher speeds on the better roads. The relative effects
of road wear and speed can be seen in the de Weille results ([1] Table 11), repro-
duced here in Table 8.
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TABLE 7
De Weille Depreciation Indices (at Benchmark Speeds)

Paved Gravel Earth
Passenger Cars 100 130 180
Trucks 100 150 250
TABLE 8

Depreciation Costs (de Weille study) for Average Car

U.S. $ per 1,000 kms
(1) (2) @) (4) ®)

Road Paved Paved Gravel Earth Earth
Speed (kph) 80 64 64 64 56
Depreciation $ 7-41 8-72 9-80 12-64 13-50

Columns 1, 3 and 5 are costs at benchmark speeds in the de Weille study. Thus the
30 per cent car differential between paved and gravel costs in Table 7 corresponds
with columns 1 and 3 in Table 8. About half of this 30 per cent is due to differences
in speed (columns 1 and 2 in Table 8) and about halfis due to differences in physical
wear on the two classes of road (columns 2 and 3 in Table 8). Following the de Weille
study further, there is a 30 per cent car differential between gravel and earth roads
due to physical wear (columns 3 and 4 in Table 8) and about 6 per cent due to speed
(columns 4 and 5).

The de Weille figures for cars were similar to the RRL results [2] and seem reason-
able. Exception may however be taken to the 66 per cent truck differential between
gravel and earth roads (Table 7), about 52 per cent being ascribed to lower wear and
14 per cent to higher speeds on gravel roads. The physical wear differential seems
high at benchmark speeds of 56 and 48 kph respectively, when the speed difference
is small. When speeds on poor earth roads fall to 20 or 30 kph, the physical wear
differential may be nearer to 50 per cent. In Thailand a sliding scale was adopted
for the physical wear of vehicles on third-class roads (Table 9). The depreciation
savings from higher speeds for trucks are added to the savings on physical wear.

Once the average depreciable vehicle cost is established (section 3) the major
remaining issue is the life mileages of vehicles on paved roads, since these are the
basis on which depreciation costs per mile are estimated. The de Weille figures for
life mileages, based on American sources, do not necessarily apply elsewhere: for
instance, he gives an average car life of 14 years, whereas in Thailand few cars last
10 years and the average age is 3} years. The lower Thai car life reflects the heavy
rains, lack of garage facilities, poor vehicle maintenance, high accident rates and
poorer average driving standards as a result of a greater proportion of new, inexperi-
enced drivers. It also reflects the poorer roads, since most cars, and other vehicles,
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TaBLE 9
Index of Physical Deterioration by Road Class: Thailand

Speed Cars Heayy Trucks
(kph)
(1 @) ) (1) @) (3)
24 100 120 175 100 135 210
40 100 120 163 100 135 195
56 100 120 147 100 135 175
72 100 120 130 100 135 145

are used on all types of roads, and it is therefore difficult to tell from Thai experience
what the life of cars on paved roads alone would be. A similar difficulty arises in
estimating annual mileages on paved roads in Thailand. Some consultants have
taken the actual mileage as a “paved roads only” mileage and projected user
savings from this basis. Consistency requires us to weight the actual mileage by the
estimated times spent on different roads and by the respective indices of physical
wear and speed in order to estimate the vehicle life mileages on paved (first-class)
roads alone.

7. INTEREST

Interest costs are a function of the capital investment in the vehicle stock at any point
in time. When depreciation costs are included, interest costs are assessed on half the
depreciated value of the average vehicle, as this reflects the age structure and the
outstanding capital value of the vehicle fleet. Sometimes interest costs are assessed
on more than 50 per cent of the depreciated value of the average vehicle, to allow
skewed distribution in vehicle ages caused by recent growth in the vehicle population.

Reductions in the vehicle stock, and therefore savings in interest costs, are a
function of annual mileage, not of life mileage. Interest costs therefore differ from
depreciation costs, which are a function also of life mileages. But, since annual
mileages are a function of speed and not of the physical wear on the vehicle, savings
in interest costs result only from higher speeds, not from better road surfaces except
in so far as they allow higher speeds.

The de Weille study assumed that annual mileages varied pro rata with higher
speeds. This seems reasonable for trucks and buses, but not for cars which are not
fully utilised. But further, as we have already argued, the stock of cars is rarely a
function of annual mileages or of speeds. There are usually, therefore, no savings in
car interest costs from higher speeds.

The argument for a saving of interest costs on generated traffic is similar to that for
savings on depreciation costs. When road improvements generate extra vehicles as
well as extra trips, the interest costs per vehicle mile—at least half the change in
interest costs per vehicle mile—represent the user benefits of generated traffic. As

90



QUANTIFICATION OF ROAD USER COSTS P. W. Abelson

with depreciation costs, extra trucks and buses are often generated, but not usually
extra cars.

The third determinant of interest costs per vehicle mile, after the average depreci-
ated value of the vehicle and the annual mileage, is of course the interest rate itself.
This rate is a weighted function of the various distinct sources and costs of capital.
Three such sources can often be identified: local private sources, local government
finance for its employees or its own vehicles, and foreign finance. The local
commercial borrowing rate for private vehicle owners in developing countries often
reflects the lack of security of the borrower, and so the borrowing rate frequently
exceeds the safe marginal opportunity cost of private capital. It is the latter cost,
we believe, which represents the rcal resource cost to the economy and should be
used in project appraisals. Similarly, the “appropriate” public sector cost of capital
is the real opportunity cost, which can differ from that of the private sector, rather
than the nominal lending rate, which may represent a subsidy to employees. The
cost of foreign finance for vehicles is the nominal interest charged (assuming this
is not artificially low from a hidden inflation in the capital price of the particular
vehicles supplied) multiplied by the foreign exchange premium where this is
appropriate.

8. MAINTENANCE

The vehicle maintenance costs quoted in the de Weille study are based on slight
evidence. The main source is Winfrey [15], but he himself has written: “There is
little on which to base the allocation of the vehicle maintenance expense to speed or
to elements of highway design. The allocation was accomplished, however, by logic
and judgement”. Comparison of the de Weille costs with other sources suggests that
the de Weille costs are low. The comparisons (Table 10) are only approximate, as
truck sizes and road conditions differ, although most of the roads are paved. The
de Weille figures are also tax free, whereas the others, except for the U.K. figures,
are financial costs to users.

De Weille’s low maintenance costs are due mainly to low labour charges. The
statistical results (Table 11, de Weille study) show real labour costs varying from
one-sixth to one-twelfth of the costs of spare parts. This contrasts sharply with the

TaBLE 10
Maintenance Costs

U.S. $ per 1,000 kms

Source Survey Cars Trucks
M De Weille 2-4 10-8 Truck 2 Gasoline
18-4 Truck 3 Gasoline
16-5 Truck 4 Diesel
[2] East Africa (RRL) — 209
[4] New Zealand 13-0 29-0
[5] New Zealand 13-0-25-4 276
[16] New York 72 —
[17] U.K. (RRL 1968) 77 19-6
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evidence in the study of a stable 50-50 distribution of financial maintenance costs
between labour and parts ([1], Annex Table 19). The difference cannot be explained
by taxation, which is generally heavier per unit of value on spare parts than on
labour. The New Zealand study [4] showed a 48 : 52 labour to spare parts ratio,
while the East African study [2] showed labour as more costly than spare parts in
Rhodesia and Zambia (perhaps because white mechanics are used) and less costly
in Malawi and Uganda.

De Weille’s low estimate of labour costs was due partly to the small number of
estimated labour hours required per 1,000 kms. For instance, labour hours for cars,
averaging 72 kph on paved roads, were estimated at 0-63 per 1,000 kms. This figure
was particularly low for a country with low labour productivity and was factored
up by 2-5 in Thailand. Secondly, maintenance cost ratios between labour and spare
parts in the surveys quoted appear to be based on average costs, but the de Weille
study calculates the road user costs on the basis of marginal labour costs, excluding
the materials, machinery, overheads and profits associated with labour. In Thailand
there is nearly a 1 to 10 ratio between wage rates and the garage labour charges to
customers. We took the view, however, that 50 per cent of the garage charges
represented garage expenses which were variable, like labour, over the lifetime of
the road, and should appropriately be included in the maintenance cost savings
allowable in road project analysis. There is, thirdly, some evidence from the East
African study [2] that the de Weille parameters for the costs of spare parts may be a
little low, perhaps by 15 per cent.

A further problem is the shape of the de Weille maintenance cost curve, which falls
continously with lower speeds. The RRL [17] has suggested, however, that the cost
curve is U-shaped, rising at high and at low speeds, in similar fashion to fuel con-
sumption. At lower speeds and gears, there is generally more engine wear and more
wear on the gears, clutch and brakes. In Thailand, maintenance costs at speeds
below 48 kph were therefore varied in line with the de Weille fuel consumption
index rather than with the maintenance cost index. See Table 11.

TasLE 11
Maintenance Cost Index, Paved Roads ( Thatland)

Speed (kph) Cars Small truck|buses  Large trucks/buses
24 122 116 146
32 110 105 119
48 100 100 100
64 111 111 114
80 124 123 141

The de Weille study suggests the same index for maintenance costs on different
classes of roads as for depreciation costs (Table 7). This appears reasonable, but it is
logically rather curious. In the de Weille model, depreciation costs are higher on
poor roads because of lower speeds and greater physical wear. Yet, in the de Weille
argument, lower speeds reduce maintenance costs, which should offset to some extent
the greater wear on the poorer roads.
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Evidence from the de Weille study itself and the RRL study [2] also support
smaller differentials for maintenance costs on poor roads. See Table 12.

TaBLE 12
Maintenance Cost Indices (Benchmark Speeds)

Source Survey Class 1 Class 2 Class 3
[11] Brazil:
Cars 100 — 179
Trucks 100 —_ 206
[12] Japan:
Trucks 100 150 —
[2] East Africa:
Trucks 100 112 429
Buses 100 96 125
Thailand :*
Cars 100 120 130-175
Light buses, trucks 100 135 145-200
Heavy buses, trucks 100 135 145-210

* Estimated.

The estimated index figures for maintenance costs in Thailand are the same as
those given in Table 9 for physical depreciation. The maintenance costs on class 3
roads vary with the standard of the road. The speed—maintenance cost relationship
is added or subtracted, according to the speed, to or from the maintenance index
appropriate to the road standard.

9. VALUE OF TIME SAVINGS

Time savings are generally quantified and estimated in project analysis in developing
countries in the same way as in developed countries. It is perhaps not surprising
therefore that they are often the most important single item in road user savings.
In Thailand, even on conservative values for time, time savings generally totalled
more than one-third of road user savings. Given that the conventional method for
valuing time savings may be as reasonable in a developing as in a developed country,
there are many empirical problems to be resolved.

Vehicle occupants in developed countries are conventionally described as being
either on business or at leisure. If on business, their time is valued at their net
marginal output, generally equated to their wages or salary, plus related overheads.
If at leisure, their time is valued at some fraction of their income equivalent to the
amount it is estimated they would be prepared to pay to save leisure time. When
hours of work are fixed, as they usually are, commuting time is considered as lost
leisure time.

In developing countries, however, it is not easy to distinguish between working
and non-working people or between business, “commuting” and leisure activities.
Many vehicles, especially light trucks and buses, carry a mixture of business and
leisure travellers. Further, many surveys distinguish only between business and
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leisure activities, and the journey to and from work tends to be described as business.
Thus feasibility studies in Thailand ([6], [22], [23]) showed an average ratio of
business to leisure travel of 65 to 35, which is certainly too high if the journey to and
from work is considered to come from leisure time.

Occupancy rates in private cars in developing countries tend to be higher than in
developed countries, although they may fall over the life of the road. The average
occupancy rate in Thailand is 4-0 persons per car, compared for instance with
1-8 in Holland (de Weille study). Occupancy rates in leisure vehicles also tend to be
higher than in business vehicles, although consultants sometimes fail to note this
and so overestimate time savings.

The time savings of drivers of business vehicles in Thailand are not always or
necessarily translated into increased output, or at least not into proportionately
increased output. This is most obvious for drivers of business cars, who are common
in Thailand but are generally not fully employed. Typically, faster speeds give the
drivers not more work but more leisure hours on the job, which can perhaps be
regarded as a benefit akin to leisure time savings. It has also been found in the U.S.
that the time savings of truck and bus drivers do not result always in proportionately
greater output (Fleischer study [19]). In Thailand, where trucks and buses are
utilised fairly fully, it is assumed that drivers would work the same number of hours
regardless of any changes in speed.

Equally it is not necessarily true in developing countries, or for that matter in
developed countries, that there is a complete loss of productivity or welfare for
vehicle passengers on business who would be working if they were not travelling. On
many occasions it is possible to argue either that the passenger is working, probably
with reduced productivity, or that he is enjoying some leisure, even if it is not
exactly of the form that he might have chosen. In such cases, there is a benefit which
reduces the loss of output (unless the journey is so uncomfortable that the passenger
would prefer working to travelling at leisure). The Harrison-Quarmby study [18]
recognised the force of this argument, but dismissed it on empirical grounds for
drivers, since it was not clear that workers such as salesmen would prefer to be driving
rather then selling. While their argument holds for drivers, it does not hold, as they
imply, for passengers. Evaluating all lost business time at the wage rate (plus some
overheads) may therefore overstate the real economic or welfare costs.

Research into the empirical question of the real value of business time would
therefore be useful. Harrison and Quarmby [18] state that the only systematic
research into the value of businessmen’s time was by Gronau on air travel [20]. His
study concluded that the price of business time almost equalled hourly earnings
(excluding overheads), but he also discovered an income elasticity of 2-0. If that is
correct, people with lower incomes (presumably car owners in comparison with air
travellers) would pay a lower proportion of hourly income. In Thailand we recom-
mended that lost business time should be valued at 75 per cent of business income,
to allow for some use or enjoyment of business time spent travelling and also for the
possible overestimates of lost business time that we have noted above. Sensitivity
tests were also made on other values of business time.

The valuation of leisure time by the different consultants in feasibility studies in
Thailand between 1966 and 1969 varied from zero to 75 per cent of working time.
The values were all chosen and justified by “reasoning” rather than by empirical

94



QUANTIFICATION OF ROAD USER COSTS P. W. Abelson

research. Since leisure time cannot literally be saved, but only spent in a preferred
manner, its valuation is essentially empirical and is a function of the discomfort of
travel and of the attractiveness of the alternative way of spending time, as well as of
the income of the traveller. Studies in the U.K. and the U.S. have shown that
commuters pay 20 to 45 per cent of their hourly wage to avoid an hour’s travel, and
will pay more to avoid waiting during travel than to avoid actual travelling [18].
In Thailand, by heroic extrapolation, we recommended that the leisure time saved
should be valued at 25 per cent of earnings. There is some evidence from Western
studies that the valuation of leisure time savings is income elastic as societies as a
whole grow richer [18]. It has however also been argued that the value of time is a
constant proportion of income [21]. Whatever the Western findings, they are not
adequate substitutes for proper research into Eastern valuations of leisure time if
these are an important input to feasibility studies.

Political as well as economic judgements on the value of time are necessary. It is
arguable that developing countries should not include the value of leisure time
savings in justification of highway investment, as these savings are neither productive
nor paid for and so do not produce re-investible funds. And, since leisure time savings
are not paid for, calculating the value of time savings on the basis of the respective
hourly incomes of car owners and bus passengers, or of town and country dwellers,
encourages investment in richer areas and is socially regressive. We therefore recom-
mended that leisure time savings should be evaluated at one-quarter of the national
average rate of earnings rather than at one-quarter of the income of car occupants,
on the grounds that this reflected the government’s balanced approach to the
regions and the priority that international leaders would attach to developmental
rather than to leisure benefits. Sensitivity tests were not precluded by this
recommendation.

10. OTHER COSTS
Overheads

Overhead costs include the direct costs associated with employment, such as
medical expenses and employment taxes,10 and less direct costs, including offices,
garages and terminals, and head office administration. Government practice in the
U.K. is to add 10 per cent to the employee’s wage to allow for savings in related
office overheads [18]. The Roskill Commission, however, allowed 50 per cent of
salary for related office overheads for business air travellers, on the ground that high
income workers had higher overheads. Possible savings in overheads were
traditionally ignored in feasibility studies in Thailand.

It is important, however, to distinguish between the overheads of passengers
travelling on business and the overheads of bus and truck companies engaged in the
transport business. Overheads of passengers on business were assumed to be insignifi-
cant in a relatively under-capitalised developing country. But estimates of overhead
costs as a proportion of all truck and bus company costs in Thailand varied from

10Employment taxes ““measure” a worker’s output in the same way as a wage does, and so are
included in the evaluation,
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10 per cent to 30 per cent [7]. These overheads were considered a function of the
number of vehicle journeys and of the number of vehicles and workers employed.
Improved roads increase speeds and reduce the vehicles and workers required for a
given number of vehicle journeys, and so reduce overheads.

Unfortunately a precise quantification of overhead savings is difficult without
more research on the subject. Order of magnitude estimates in Thailand suggested
that total overheads were 20 per cent of the (real) truck and bus operating costs.
About two-thirds of these overheads were estimated conservatively to be fixed, and
one-third variable with the number of trucks, buses and workers employed. We
concluded therefore that approximately 7 per cent of total costs (209, x33%,) could
be considered ‘‘variable overheads” changing with the changes in speeds; this
proportion could be significant in calculating returns on highway investments.

Accident costs are also an important part of vehicle operating costs. In Thailand
insurance costs, which, allowing a small element for fire or theft risks, may be taken
as a proxy for accident costs, are about U.S. $5 per 1,000 kilometres, compared for
instance with de Weille’s total vehicle operating cost of U.S. $27.10 per 1,000
kilometres for an average car at 72 kph on a paved road. But, although accident
costs are of such significance that they should ideally be considered in feasibility
studies, it does not follow (as it is sometimes argued) that a better road and higher
speeds will necessarily reduce accident costs. For instance, one consultant in Thailand
argued: “Interest and insurance are fixed costs per year. Thus, their cost per kilo-
metre is a function of total kilometres driven annually”. This is obviously false, as
accidents and insurance are not fixed but both increase with mileage. Even for a given
mileage, faster speeds may increase the incidence and severity of accidents. Accident
costs are a function of a large number of variables, including traffic levels, width
and alignment of roads, speeds and road surfaces. Road improvements may signifi-
cantly reduce accident costs, but this cannot be determined a priori before examina-
tion of all the relevant factors.

11. SOME LIMITATIONS

De Weille qualified carefully the use to which his research findings should be put
([1], page 41). On the basis of experience in Thailand, one or two suggestions for
future improvements and research might be noted.
(i) All general studies need to be corrected for vehicle mileages, car size,
occupancy rates, income levels, etc., according to the local conditions.
De Weille in his study dealt mainly with inter-city experience in order to
assist project evaluation studies outside urban areas. Operating costs in
urban conditions require separate study because of the pressures to build
potentially high-cost urban road systems in countries poor in capital.

(ii) The de Weille study estimated unit costs down to 24 kph, but was based
on sparse data at these low speeds. The costs of lower speeds, including
zero speed, are important on waterlogged roads up-country or on congested
streets in towns.

(iii) Many studies in developing countries are based on estimates of operating
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costs at the present point in time. Conditions of technical change, and
increasing time values over time, are not often discussed.

(iv) Other modes, such as rail, water, motor cycle and even heading, offer
quite different levels of service—generally inferior levels—of frequency,
comfort, flexibility and total journey times. A straightforward comparison
of costs is inadequate as a basis for calibrating modal split or for estimating
the benefits of diversions from inferior modes to motor vehicles. Perhaps
the most important subject requiring further research is the comparison
of motor vehicle costs and benefits with the costs of other modes in order to
estimate modal division and its benefits more accurately.
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