Fuel Taxes and Road-User Charges in LDCs

Some Lessons from Sub-Saharan Africa

By Reuben Gronau*

1. Introduction

The fact that road transport abounds with externalities is one of the truths of transport
economics dating back to Pigou and Knight. These externalities include congestion, road
damage, road accidents, noise and air pollution. Following Walters (1961), numerous
studies have tried to measure these externalities, most of them focusing on congestion as
the prime source of the gap between private and social marginal costs.! A greateffort has
also gone into devising technical schemes to collect appropriate congestion charges.

At the same time engineers have devoted large resources to measuring the determi-
nants of road damage and its effect on vehicle operating costs. Newbery (1988) formalised
the road damage model, and incorporated this factor in his measurement of road-user
charges in Tunisia (Newbery et al., 1988).

Congestion and road damage are associated, in general, with different types of
vehicles; congestion is an urban phenomenon associated with private cars, while road
damage is caused primarily by heavy vehicles on interurban roads. The different
externalities call for different charges onheavy vehicles and private cars. It would be over-
optimistic to expect the sophisticated charging schemes tested in the last decade, on a
small scale, to be implemented soon on a nationwide scale. This is particularly true for the
less developed countries (LDCs), where even standard charges are plagued by problems
of tax administration and gross evasion. In the foreseeable future it is realistic to expect
that policy makers will have to rely on the standard battery of taxation tools, foremost
among which is the fuel tax.

*  FalkInstitute for Economic Research inIsrael, The Hebrew University of Jerusalem. This paper is based
primarily on areport prepared for the World Bank on transport taxation androad-user charges in Sub-Saharan
Africa. The World Bank bears no responsibility for the views expressed herein, which are those of the author
and should not be attributed to theWorld Bank or its affiliated organisations. The author is greatly indebted
to Esra Bennathan, Asif Faiz and W. D. O. Paterson for their detailed comments, and to numerous officials
in Ghana and Zimbabwe who were most helpful in providing the necessary data.

! Inarecent study of the US, Small, Winston and Evans (1989) estimated that the revenue from congestion
charges should be more than 50 times larger than that from road wear charges.
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Fuel taxes are clearly clumsy substitutes for the sophisticated tools needed to combat
urban congestion or road damage, but they do have one advantage: private cars and heavy
vehicles usually use different types of fuel (gasoline and diesel, respectively). It is almost
a tradition to levy higher taxes on gasoline than on diesel. The tradition is explained by
the reluctance to tax intermediate inputs (diesel fuel), the fact that diesel fuel is also used
for non-transport purposes, considerations of income distribution (diesel fuel is used by
buses), but primarily by the feeling that private cars are the cause of externalities which
are much more important than those associated with heavy vehicles.

Most LDCs have adopted this rationale, applying a fuel tax policy that is very similar
to that of the more developed states. This paper examines the validity of this policy.

It is naive to assume that transport taxes are set solely as substitutes for road user
charges. As these taxes have been shown, in different environments, to be a convenient
tool with which to generate revenues, it is only natural to ask whether these revenues cover
the costs of the system. In theory, given the increasing returns to scale in the production
of road loading, optimal road user charges are not expected to generate sufficient funds
to cover costs (Mohring, 1976). This is clearly an unacceptable solution, especially inless
developed economies which suffer from a narrow tax base to start with. This paper
examines the best tax structure that will assure cost coverage.

The paper is an offshoot of two studies conducted recently on road user charges and
transport taxes in Sub-Saharan Africa (SSA). Although SSA may be unique in some
respects, it seems that many of the lessons learned apply to most other LDCs. Foremost
among these lessons is the secondary importance of urban congestion in many countries
compared with the problem of road deterioration. Consequently, the prime interest of the
policy-maker should be heavy vehicles rather than private cars. Fuel taxes on diesel,
annual licence fees and acquisition taxes should aim at reducing heavy traffic (encourag-
ing theuse of alternative modes, if available) and, in particular, discouraging overloading.
Gasoline taxes (and other taxes on private cars) should be set so as to assure cost coverage
for the system, and prevent the substitution of diesel engines for gasoline engines.

The paper opens with a theoretical section, summarising the theory on road user
charges, and describing some second-best solutions to be applied when the optimum is
unattainable. This section is followed by a description of our main findings for Ghana and
Zimbabwe. In the subsequent section we describe the lessons to be drawn from the SSA
experience with fuel taxation and cost coverage. The paper ends with some concluding
comments.

2. The Theory

Roads serve as inputs in a wide variety of transport services. The cost of producing road
services differs according to their use. Economic efficiency calls for charging different
prices for these services, based on short-run marginal costs. These costs vary by type and
density of traffic, and by the maintenance and investment policies adopted by the road
authority. Whether or not the charges, set to equal short-run marginal costs, cover
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maintenance and capital costs depends on the returns to scale in the production of road
services, the returns to scope, and the maintenance and capital outlay policies adopted.
Crudely, aroad offers two basic services: access and loading capacity. The marginal costs
of producing these services depend ontwodifferent attributes of the road: its capacity (that
is, width) and its durability (that is, strength). The wider and stronger the road, the cheaper
it is to produce vehicle services. Different users (for example, private cars and heavy
vehicles) require these services in different proportions and should be charged different
prices for using them.,

The factor most often emphasised in the context of developing countries is the loading
factor. The heavier the vehicle the more it contributes to road deterioration, which, in turn,
results in an increase in vehicle operating costs to all users. The damaging effect of a
vehicle depends on the road authority’s maintenance and capital outlay policy. The
damage can be contained by an appropriate maintenance policy or by building a stronger
road; or it can go unchecked if maintenance and capital outlay are insensitive to road
conditions.

Formally, if we focus only on the 1oading element, the total costs of the system consist
of the direct travel costs V (vehicle operating costs and time costs) incurred by operators
and users, and road costs (consisting of maintenance, M, and capital costs, K) borne by the
road agency,

C=V+M+K. 1)

The direct costs depend on the number of vehicles (X) and the direct cost per vehicle
(v). The cost per vehicle depends, in turn, on the road’s quality of service (S),

V=Xv(S), 2
and decreases the higher the road’ s quality of service (thatis, v;< 0, and vgs>0. Theroad’s
quality of service deteriorates with the number of passing vehicles, but increases with the
standard of the road, which, in turn, depends on maintenance outlays and the strength of
road D (that is, its thickness),?

S=S8(X, M, D), 3
Sx<0,8,>0,5,>0.

Alternatively, maintenance costs can be said to depend on the quality of service set by
the road authority, the traffic load and road strength — the higher the quality of service
and the heavier the load, the greater the costs, and the stronger the road, the cheaper it is
to preserve its standard,

M=M(S, X, D), @
Mg>0,My>0,Mp<0.

Finally, capital costs increase with the road strength K7, > 0. In the short run, when the
strength of the road (D) is given, the short-run marginal costs of loading depend on the
maintenance policy. When maintenance is completely unresponsive to road conditions,
the marginal costs depend on the damaging effect of the vehicle and on its repercussions
on vehicle operating costs:

Cx=v+Xvy=v+XvSy>v. )

2 This is a simplified version of the analysis presented in Small, Winston and Evans (1989).
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The traveller observes only his own costs v, and XvSy is the externality imposed on
other users. This externality depends on the number of users (X), the damaging effect (Sy)
and the marginal effect of quality of service on direct costs (vg).

If maintenance costs are sensitive to road deterioration and are set so as to minimise
short-term total system costs, the road authority will set the quality of service so as to
equalise the marginal maintenance costs and the marginal direct costs (with respect to S),
that is,

—Xvg = Mj. 6)
The left-hand side of (6) describes the direct cost saving from increased quality, and the
right-hand side describes the additional maintenance cost entailed. Since savings increase
with the level of traffic, the road authority will set a higher quality standard the heavier
the traffic.

In this case, the externality a vehicle imposes on other users equals the marginal
maintenance costs, XvgSy = -MSy = My, where these costs are estimated at the optimum
quality S*.

Similarly, if the road authority sets a desired quality S, (which usually differs from
the economic optimum quality, $* ), adirect connection is established between the volume
of traffic and maintenance costs. In this case, the marginal costs are

Cx =v+M X» (7)
where My is evaluated at the desired quality, S,. The externality in this case is not imposed
on other users but on the road authority.?

In the long run, the road authority does not have to rely solely on maintenance to
preserve the road’s standard; it can also change the road’s strength. The optimum quality
of service, $*, will be set to equate direct cost saving with marginal maintenance and
capital costs (with respect to .S)

_XVS=MS =KDD5, (8)
where K denotes marginal capital costs with respect to road strength, and Dg = 1/Sp, is
the inverse of the effect that strengthening a road has on its quality. Again, the optimum
quality increases with the volume of traffic, as will the strength of the road.

When quality is set at a predetermined level, S, the strength of the road will be set so
as to minimise maintenance and capital costs for given values of S, and X. If a stronger
road reduces the damaging effect of traffic, Sxp < 0, then increased traffic may, in the long
run, affect capital outlays more than maintenance costs. The road authority will rely more
on road strength than on maintenance to preserve the standard of the road.

Assuming users are charged according to short-run marginal costs, will road-user
charges cover the costs of the road authority? Mohring (1976) has shown that when
quality of service and road standard are set at the optimum level, and maintenance and
capital costs are minimised, cost recovery will depend on the nature of the quality of
service production function and on the capital cost function. If the road-standard
production function is homogeneous of degree zero (that is, if doubling the volume of

3 Theseconclusions essentially replicate Newbery’s well-known findings (1988). Newbery's conclusions,

however, were drawn in a much more complex dynamic setting.
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traffic, and doubling maintenance and the strength of the road leaves the quality of road
service unchanged), and if the capital outlay cost function is linear homogeneous (that is,
capital outlays are proportional to the strength of the road), then cost recovery is assured.
Formally, the first condition assures that
—XSX=MSM+ DSD; (9)
the second condition states that
K = DK}, (10)
By (5), the optimum road-user charge equals XvgSy, and user charge revenue T equals
(in the absence of evasion)

T = X(XvsSy) = (XSy) * (Xvg). (11)
If condition (9) is satisfied
T =—(MSy + DSp) (Xvy). (12)
If the allocation of costs is optimum, by (8)
T=MSyM;+DSp* KpDs=M + DK, (13)
Finally, if (10) holds
T=M+K. (14)

The formal derivation underlines all the pitfalls on the way to cost recovery. Specifi-

cally, neither equation (9) (homogeneity of degree zero of S) nor equation (10) (homoge-
neity of degree one of K) holds. Road standards are subject to increasing returns to scale?
— increasing the strength of the road diminishes the damaging effect of vehicles, so that
DSp>—XSy. Furthermore, capital costs and maintenance include alarge fixed component,
so that K > DK, As a result, road-user charge revenues are bound to fall short of
maintenance and capital costs.
- However, once the assumption that the road authority sets its expenditure at the
optimum level is relaxed, predictions concerning cost recovery become more complex.
Thus, if quality of service and road standards are set too low (S,< S*), as is often the case,
maintenance and capital costs are sub-optimal and cost recovery is more likely to occur
in spite of returns to scale in road production. This is especially true if the road authority
does not maintain any standards, its expenditures being insensitive to road conditions.

Indeveloped countries the emphasis is most often on congestion. The formal treatment
of the pricing of this externality is very similar to that of road damage. Let the cost
comprise direct cost, the cost of traffic management, and capital costs. Our previous
analysis holds with very few modifications: (a) the quality of service that determines direct
costs is not the physical standard of the road but speed (S); and (b) speed, in turn, depends
on the volume of traffic (X), on traffic management (M), and on the width of the road (W),
where capital costs are a function of the road’s width.

The externality imposed on other users is the “deterioration” of speed, and users should
be charged for this externality in the same way they are charged for road damage. The size
of the charge will depend on the road authority’s traffic management and capital outlay
policy. If traffic management and capital outlays are insensitive to the speed of traffic, the
4

Road surface structural capacity (that is, road strength) rises to about the fifth power of road surface
thickness. Patersonshows (Heggie, 1991, p.83) thatifroad strength is setoptimally, then a thirty-foldincrease
in loading (from 300 to 10,000 veh/day) will call for only a three- to four-fold increase in maintenance.
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charge should equal the externality imposed on other users (that is, their additional costs
of time and operating costs). If the road authority sets a speed standard, the charge should
equal the externality imposed on the public sector in the form of increased traffic
management and capital costs. The revenue will cover the road authority’s costs if the
conditions specified in our earlier discussion are satisfied. Again, at least for a certain
range (as roads expand from one to two lanes, allowing for easier passing, for example),
it seems that the production function exhibits increasing returns to scale (these may be
exhausted for high traffic volumes), and the fixed component (that is, right of way, the
infrastructure) looms heavily on the capital costs. Cost recovery may, therefore, not be
attained under optimum conditions, but may still be possible under sub-optimum
conditions.

Access andloading services are jointly produced. The economic rationale for allowing
both light vehicles (requiring mainly access) and heavy vehicles (in need mainly of
loading) touse the same road systemrests on the exploitation of returns toscale (especially
those relating to speed, since the contribution of light vehicles to road damage is
minuscule) and on sharing fixed costs (capital, maintenance and traffic management).
There exists, however, an offsetting factor. Roads are built to withstand the same pressure
across their entire width (that is, the thickness of the road surface is the same for all 1anes).
This introduces an element of decreasing returns to scope into the equation, an element
that tends to narrow the gap between the road authority’s expenditures and optimum road
charges intake (under optimum conditions this element cannot close the gap entirely, but
it can reduce it).’

It has so far been assumed that roads and vehicles are homogeneous. In practice, one
should distinguish between road types (urban and interurban) and types of vehicle (light
and heavy). Heavy vehicles are the major contributors to road damage, whereas the
contribution of alight vehicle is negligible. Similarly, congestionis associated with heavy
traffic on narrow urban roads (which cannot be widened) but hardly affects interurban
roads. There is close correspondence between type of vehicle and type of road: light
vehicles are dominant on urban roads, while most of the mileage recorded by heavier
vehicles is on interurban roads. In Ghana it was found that heavy vehicles (trucks and
buses) account for half of interurban traffic, but for only 20 per cent of urban traffic. The
corresponding figures for Zimbabwe are 30 and 10 per cent. As a result of this
correspondence light vehicles are the major source of road congestion and heavy vehicles
inflict most of the road damage.

Formally, let there be two types of service: S; (speed) and S, (road standard), and let
M, and M, denote traffic management and road maintenance, respectively. Then the total
costs to the system are

5 IfK=ky+k;W+k,D + k; WD andif standards of service are homogeneous of degree zero, optimum charges
will, by equation (13), generate revenues that equal T'= M + k\W + k,D + 2k;WD (where M includes both
maintenance and traffic management). Thus, whereas the element k is not covered, the element k;WD is
covered twice. It is, however, hard to believe that k;WD > ky, since in this case (ignoring returns to scale and
the fixed component in M) it is cheaper to produce the services separately than jointly (ko + k; W) + (ko + k,D)
<K.
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);A]‘: x; V(81 27 +‘1‘: M](Z" Xip S1p W)+ ; Mz(;' Xij»$25 D)+ ? K{W, D; (15)
where i denotes type of vehicle (i = L,H) andj denotes type ofroad (j= U,]). The marginal
cost of vehicle i on road j equals

Cx, = Vij*+ & Xi(VisSix, + VisSx, ). (16)
Road congestion on interurban roads is not prevalent (unless investment has been
suppressed); hence S,y is negligible for any type of vehicle. This may not be the case for
urban travel. Light vehicles have very little effect on the standard of the road, so for them
S,x, = 0 but this factor increases as the axle load of the vehicle increases.
This leads to four vehicle-road configurations of marginal costs. Let i = L, H denote
light and heavy vehicles, respectively, and j = U, I denote urban and interurban roads,
respectively. Then

Cx,=Vv+ ); Xy VisSix,, for light vehicles on urban roads,
Cx,, = vy for light vehicles on interurban roads,

Cx,,=Vau+ ); X,-U(v"slS1 x,+ Viszszx,,) for heavy vehicles on urban roads,

Cx,=Vur+ Zl: X, Viszszx,, for heavy vehicles on interurban roads. amn

Even this simplified scheme calls for four different levels of road-user charges for every
vehicle-road configuration.
If available instruments do not allow for separate charges on the same vehicle when
it travels on different roads, the charge will be somewhere in between the two optimum
 rates. The loss of welfare associated with the suboptimal tax ¢ rather than the optimum 7*;;
is (*;; — 1)(dX;/dr). The effect of a change in tax on the number of travellers (dX;/d)
depends on the slopes of the demand and direct cost (v) functions

(dt/dx) = d(v'- v)/dX = - [(v'/X) + (V/X)e] = - (WX)[(1 + T + €], (18)
where v denotes direct costs, v' =v+t=v(1 + 1) is the price to the user (including tax),
7 is the inverse of the demand elasticity (in absolute terms), and € is the cost elasticity. In
optimum, the loss of welfare in one sector from a marginal change of tax should be
compensated for by a gain in the other sector, (£*;; — £)(dX;,/df) = (¢ — r*,)(dX;,/d¢), or

Xy (@*i= O [A + ) Mg + 1] = Xp(T - T )y [(A + ) N+ &), (19)
where 71 is the tax rate (¢v).

The greater the share of travelling on route j in the mileage of vehicle i, the closer the
tax will be to the optimum tax #*;; for that route. But the sub-optimum tax is not a simple
average of the optimum tax *;;, and should be corrected for differences between the two
routes in demand and cost elasticities. To the extent that demand for interurban travel is
more elastic (because of modal competition, or because it accounts for a higher fraction
of production costs) and the elasticity of costs is smaller (given the lower level of
congestion), the distance travelled oninterurban roads should be given greater weight than
the distance travelled on urban roads.

This still leaves two separate charges for light (¢;) and heavy (z;) vehicles. The first

261



September 1994 Journal of Transport Economics and Policy

depends exclusively on urban congestion costs, while the second is dominated by damage
costs. Specifically, if damage costs do not differ by type of road, and if the share of distance
travelled by heavy vehicles on urban roads is small,® then
L=0t*y

ty=1tf, (20)
where a.is a correction coefficient that reflects the change in traffic on urbanroads relative
to the change of all traffic associated with a change in ¢ (that is, o = (dX,/dt;)/
[dXyy + X p/de ).

Direct charges on road use have been shown to be impractical at this stage. Thus, one
has to rely on the array of existing transport taxes as substitutes. Foremost among these
taxesis the fuel tax. Fuel taxes are easy tocollect, difficult to evade, and, most importantly,
sensitive to vehicle use. These taxes have therefore become an almost universal mainstay
of transport taxation.” How far can one rely on fuel taxation to capture the intricacies of
the theoretical discussion?

Light and heavy vehicles usually use two different types of fuel. Light vehicles, with
low utilisation, use gasoline; heavier vehicles that are more heavily utilised, prefer diesel
(the exceptions are taxis, which are light in weight but heavily utilised). Light and heavy
vehicles also differ in their rate of fuel consumption (km per litre: ;). The sub-optimum
charges in equation (20) imply, therefore, gasoline and diesel fuel taxes (per litre) as
follows:

t=0of*py,

1= Bty . 2D

3. Road-Use Costs in Sub-Saharan Africa: Ghana and Zimbabwe

Road deterioration has been shown (World Bank, 1988) to be a major (currently perhaps
the most acute) problem of the transport sector in developing countries. Sub-Sahara’s
situation in this respect is about the same as that of the rest of the developing world. On
average one-quarter of its paved road system is in poor condition and needs major
rehabilitation. But the situation in some countries (Guinea, Zaire) is even worse: almost
two-thirds of the system are due for rehabilitation (or abandonment). More important,
almost 30 per cent of the system (Nigeria excluded) is in only fair condition. This part of
the system will soon reach the critical stage where resurfacing is required as periodic
maintenance to prevent the system from deteriorating to the point of disrepair and
expensive reconstruction.

Low population densities and low income per capita put Sub-Saharan Africa (SSA) at
a natural disadvantage where investment in transport infrastructure is concerned. Since
demand for transportincreases with area and with population dispersion, the burden of the

6
7

This is usually true for medium and heavy trucks but not for full-size buses.

The only exceptions are some of the oil-producing countries. Throughout the analysis I ignore other taxes
on variable inputs (such as tyres, lubricants and spare parts). These taxes usually generate only small revenues
relative to the fuel tax, and may entail serious misallocations relating to vehicle maintenance and repair.
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investment in and maintenance of the transport network on the economy’s resources is
inversely related to output per unit of area (GPD per square km, that is, the product of GDP
per capita and population per square km). SSA is in aunique position: low levels of income
per capita increase this burden compared with the better-off Latin American countries
(such as Brazil and Argentina), although the latter are more sparsely populated, and low
population densities result in a higher financial burden compared with densely populated
countries in Asia (such as India and China) who are as poor or even poorer (Gronau, 1991,
Tables 1, 2).

As a result, SSA has fewer roads per km than Asia or Latin America, and a larger
percentage of these roads is unpaved. Nevertheless, it has the highest ratio of roads per
dollar of output. Crude estimates of the stock of capital embodied in roads, based on a
sample of 85 developing countries, indicate that this capital-output ratio (stock per dollar
GDP) is substantially higher in Africa than in Asia and Latin America (World Bank,
1988). If Nigeria is excluded, the maintenance of this stock imposes a burden which is
twice as high in the Sub-Sahara as in the other two regions. The difference between the
regions in the burden imposed by the maintenance of unpaved roads is even higher (by a
factor of 5).

Are road-users in SSA paying their way, and if transport taxes are shaped according
to the marginal-cost pricing principle, what should they be? To answer these questions
a case-study approach was adopted, based on two countries: Ghana (Gronau, 1991) and
Zimbabwe (Gronau, 1992). In many respects one could not have chosen more dissimilar
cases. Whereas Ghana is a low-income country (with per capita income of US $390 in
1989) Zimbabwe is a middle-income economy (GNP per capita of $650); whereas the
- Ghanaian economy was grossly mismanaged resulting in a decline of living standards
over past decades, Zimbabwe embarked (after independence in 1980) on a growth path
checked only by shortages of foreign exchange. These differences are reflected in the state
of the roads. By the mid-1980s the transport infrastructure in Ghana was in a shambles —
the primary roads were seriously damaged (some of the feeder roads had disappeared
altogether) and the railroad was mostly inoperative — a state that was checked only by a
concerted effort of the Ghanaian government aided by the developed countries. By the end
of the 1980s only a fifth of Ghana’s trunk roads were defined as being in good condition,
and over a third were found to be in poor condition (Bhandari, 1990). Zimbabwe, on the
other hand, has a well managed road system, 70 per cent of its paved roads are defined as
being in good condition (among the highest rates in SSA), only 5 per cent are in poor
condition, and its railroad system (though perhaps inefficient) carries most of the freight.

Table 1 demonstrates some of the other differences between the Ghanaian and
Zimbabwean interurban road transport markets. The density of the road network per unit
of area in Zimbabwe is more than twice that in Ghana. Given Zimbabwe’s sparse
population density, the per capita road density is more than five times as large. (There are,
however, relatively small differences in the length of the paved road network.) The
Zimbabwean vehicle fleet is almost three times that of Ghana (Zimbabwe has the highest
rate of private cars per capita in SSA), but has less than twice as many heavy trucks.

Given this background, it comes as a surprise that the annual volume of traffic (veh-
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Table 1

Journal of Transport Economics and Policy

Main Characteristics of the Interurban Road System in Ghana and Zimbabwe, 1987

Units Ghana Zimbabwe
Population millions 144 95
Area thousand km? 239 391
Total road network thousand km 32 116
Paved thousand km 6 8
Vehicle Fleet® thousands 105 291
Private cars, taxis and pick-ups thousands 68 230
Light trucks thousands 4 36
Medium trucks thousands 5 9
Heavy trucks thousands 3 10
Very heavy trucks thousands 3 1
Buses thousands 23 5
Total traffic volume® millions veh-km/yr 2175 1160
On paved roads millions veh-km/yr 1727 1009
Average daily traffic veh/km 417 200
On paved roads veh/km 788 362
Heavy vehicles veh/km 133 53
Average axle-load® ESAL/veh 09-1.5 023
Heavy vehicles ESAL/veh 1.74.3 0.75

Sources: Gronau, 1991, 1992,

2 The Ghanaian statistics are based on the records of the Vehicle Examining and Licensing Department.
Evasions of the roadworthiness certificate issued by the department, estimated at 25 per cent of the registered
fleet, and the exemption of government vehicles (estimated at 15,000) from the licence, result in inaccuracies
inthe estimate of the size of the fleet and its breakdown by type of vehicle. In Zimbabwe the statistics combine
private cars, pick-ups and vans, and the breakdown is based on an estimate. Similarly, the breakdown of heavy
trucks and buses is based on an estimate. The Ghanaian bus fleet included 16,000 small buses, whereas in
Zimbabwe all buses are heavy buses.

b Total traffic volume estimates are based on traffic counts. In Ghana they relate to trunk roads (14,400 km),
in Zimbabwe to state roads (15,000 km, earth roads excluded).

¢ The estimates on the average axle-load for Ghana vary widely. According to one estimate (Bhandari,
1990) the average is 0.9 and according to another (SWKP, 1988) it is 1.5 ESAL/veh.

km) in Ghana is almost twice that of Zimbabwe.? Average daily traffic (veh/km) in Ghana
is more than twice that of Zimbabwe, and this is true for the network as a whole, for paved
roads and for the traffic of heavy vehicles (heavy trucks and buses). In Ghana about a third
of the paved network carries over 750 vehicles daily (accounting for over half of total
traffic). InZimbabwe only one-tenth of the paved network carries such loads (accounting

8 The traffic counts relate only to trunk roads in Ghana and state roads in Zimbabwe. Traffic on the rest of
the interurban network is, however, sparse.
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for only a third of total traffic). The difference in volume of traffic is magnified by
differences in the average load. Whereas the average axle-load in Ghana (where excess
loading is rampant) is 0.9 ESAL (equivalent standard axle loads) per vehicle — and
according to another estimate even higher, 1.5 ESAL/veh — the average axle-load in
Zimbabwe (where axle-load rules are strictly enforced) is only 0.23 ESAL/veh.? Conse-
quently, the average load carried by Ghana’s paved roads (ESAL/km) is 8.5 (or perhaps
13) times that of Zimbabwe.

The estimates of the road damage externality (RDE) reflect the differences in loading
and the increasing returns to scale in the production of loading services. Assuming that the
variable component in road-use is load-related (rather than axle-related), the 1987
estimate of the RDE for paved roads in Ghana was ¢0.9 per ESAL-km (Gronau, 1991),
while the estimate for Zimbabwe was ¢7.1 (Gronau, 1992).191f this externality is assigned
to the heavy vehicles then the RDE per veh-km is ¢1.53 to ¢3.87 in Ghana (where the
average axle-load is 1.7 to 4.3 ESAL/veh), and ¢5.33 for Zimbabwe (where the average
load is only 0.75 ESAL/veh).

At the outset it seemed that the problem of urban congestion in the SSA is as important
as that of road deterioration. SS A did not escape the process of rapid urbanisation typical
of other LDCs. In 1960 only one tenth of the population of SSA lived in urban centres; by
1982 this share doubled. The average growthrate of the urban population in the 1960s was
5.5 per cent, and it accelerated to 6.1 per cent in the 1970s (World Bank, 1986). This
process was accompanied by a fast increase of the urban centres. Whereas in 1960 only
4 per cent of the urban population lived in cities of half a million or more, this share grew
to 40 per cent in 1980 (the number of large cities growing from three to twenty-eight).
Finally, in his study of road-user charges in Tunisia, Newbery estimated the urban
congestion externality to be on average six times the road damage costs (Newbery et al.,
1988, Table 7). (The average is, of course, misleading because of the wide dispersion of
this ratio by type of vehicle. It is almost 200 for private cars, but only 1/10 for heavy
trucks.)

Although it is difficult to assess the importance of the problem of urban congestion in
SSA (and LDCs in general), on the basis of two case studies, the findings are revealing.
Zimbabwe towns seemed natural candidates for urban congestion. The motorisation rate
inthe capital Harare is the highestin SSA (160 per 1000 population), and only 60 per cent
that of London, Stockholm or Tokyo (in 1980). Even smaller cities account for more
vehicles per capita than most SSA capitals. Congestion, however, is a rare phenomenon
thanks to the foresight of the town’s founding fathers who built unusually wide roads.
Several studies indicate that no Zimbabwean town suffers from any congestion (with the
exception of a few trouble spots, easily corrected by improved traffic engineering).

9  The smaller load in Zimbabwe reflects partly the smaller share of heavy vehicles in total traffic, but
primarily the use of multi-axle vehicles, resulting in a low average load per axle.

10 The estimate for Ghana is based on three different methods of estimation, allowing for different responses
of the road authority toroad deterioration and axle-loads. These estimates range from ¢0.5 to ¢1.0 per ESAL-
km. In the Zimbabwe study I distinguished between the RDE on wide paved roads (¢6.5) and narrow paved
roads (¢12.5).

265



September 1994 Journal of Transport Economics and Policy

Towns in Ghana are less fortunate. A crude impression from riding Accra’s roads is
that traffic is far from free flowing. However, a study by Bhandari (1990) indicates that
speed is little affected by traffic volume. While individual experience might suggest
otherwise, the impressionof congestion s often caused more by impediments such as poor
road conditions and non-motorised traffic than by a surfeit of motor vehicles.

Bhandari (with the help of students from the University of Science and Technology in
Kumasi) estimated three speed functions for different congestion conditions on two-lane,
two-way Accra roads:

(@) §=71.9-0.0115X R2=0.34
(b) $=62.6-0.0219X R?=0.74
(c) §=45.7-0.0084X R2=0.46

where the first function applies to a suburban road (about 10 per cent of urban traffic), the
second to an urban street (80 per cent of traffic), and the third to Accra’s CBD (10 per cent
of traffic). Using traffic counts for the major Ghanaian towns it was assumed that hourly
average traffic is X = 500 in the first two cases, and X = 800 in the third. This yields an
average marginal cost of 0.00385 hours per vehicle (that is, each additional vehicle
imposes a delay of 0.23 minutes on the rest of the traffic).!!

The second factor determining marginal congestion costs (MCC) is the value assigned
to the loss of time. This depends on the average occupancy rate and the value of time of
passengers and crew. Given the higher proportion of travellers using public transport, the
average occupancy rate is expected to be higher in LDCs than in the more developed
countries (in Accra it was found to be 5.6 passengers per vehicle). This difference is,
however, dwarfed by the difference in the value placed on an hour of travel. With an
income per capita of $500, the average crew cost was estimated to be only ¢40 per hour
and the average value of passenger’s time ¢8.3 per hour (assuming the value of commuting
time is one third of the income per hour). A delay of 0.23 minutes shouldbe valued at ¢0.15
ifone allows for crew time only, or ¢0.34 if one allows also for the value of passenger time.

Given the composition of urban traffic, an average vehicle on urban roads counts as
1.16 PCE (private-car equivalent). My estimate of the MCC is, therefore, ¢0.13-0.29 per
PCE-km,'? and the ratio of the congestion externality (MCC per veh-km) to the road
damage externality (RDE of heavy vehicles) is 1:5 (or perhaps as low as 1:33).13

4. Fuel Taxes in LDCs
The main lesson learned from the studies of Ghana and Zimbabwe is that at this stage of
development the problem of road deterioration for many LDCs, and the corresponding
road damage externality, is considerably more important than the problem of urban
congestion. (Congestion on interurban roads in Ghana and Zimbabwe, as in Tunisia, was

11 Given the linear speed function the marginal time cost is X*0(1/S)/0X = BX/$?, where B is the regression
cocfficient. The estimated speeds for the three functions are 66,52 and 39 km/hr. The Ghanaian estimate of
the marginal time costs is only one eighth of the value used by Newbery for Tunisia.

12 Newbery’s estimate was ¢4.6 per PCE-km, that is, 15 times higher.

3 In contrast, Newbery’s estimate for Tunisia was 4:1.
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found to be of minuscule importance.) This observation is supported by a recent study by
Heggie (1991) who concludes that in only 20 cities in the developing world do congestion
conditions exist that cannot be corrected by minor improvements in traffic management.
The listincludes Algiers, Bangkok, Bombay, Buenos Aires, Cairo, Hong Kong, Istanbul,
Jakarta, Lagos, Manila, Mexico City, Nairobi, San Paulo, Seoul, Singapore and Tunis.
Only three of these are in Africa; one of them is Tunis.

Thus, for many (perhaps most) LDCs the optimal tax to be imposed on heavy vehicles
(per veh-km) should exceed (often, significantly) the optimal tax on light vehicles on
urbanroads. Inorder to translate this finding into a policy recommendation relating to fuel
taxation one has to correct these optimum taxes by equation (21) for differences in the fuel
efficiency (B;) of light and heavy vehicles, and by the factor o reflecting the relative effect
of user taxes on urban and interurban travel of light vehicles:

tf1y= (0. Br/Br) (F/th)- (22

The Ghanaian data indicate that the fuel efficiency (km/litre) of light vehicles is two
to three times that of trucks and full-sized buses. The value of o can only be guessed.

If, in the absence of congestion, cost curves are flat (¢ = 0), the tax effect reflects the
demand price effect. This, in turn, is affected by the usage (km) of private cars on urban
and interurban roads, and by the price sensitivity of urban and interurban travellers. The
proportion of urban travel in the total travel of private cars is about half to two-thirds, and
since the interurban traveller’s sensitivity to change in price exceeds that of the urban
traveller, my crude guess is that o lies between half and two thirds. Using the Ghana data,
the correction factor (ot B;/By) is, therefore, between one and two. Given an optimum tax
ratio (¢, /tf) of 1/5, this would indicate a gasoline tax which is considerably lower than
the diesel tax.

Worldwide, gasoline taxes and pump prices are almost always higher than those for
diesel fuel (Heggie, 1991). In many countries the price of gasoline is twice that of diesel
(Ghana and the US are the only two countries where the two are equal). Our findings for
Ghana and Zimbabwe indicate that there is no allocative justification for this policy.

Lower prices for gasoline than for diesel may result in an undesired switch of taxis,
trucks and buses from diesel to gasoline. Moreover, they may have adverse effects on
income distribution, in general, and on the income distribution between urban and rural
areas, in particular. Hence, policy-makers may be reluctant to levy a gasoline tax that is
lower than the tax on diesel. But where urban congestion is unimportant, efficiency
considerations imply equal tax rates and equal pump prices.

This conclusion naturally depends on the economy’s state of development. Economic
growth affects this result in several ways:

(a) Itleadstoincreased traffic volumeoninterurbanroads and to building stronger
roads.
(b) Increased urbanisation and motorisation lead to increased urban congestion.
(c) The increase in per capita income raises the value of time.
All three factors will tend to increase the ratio of optimum charges 7/, the first by
lowering the road damage externality, and the second and third by increasing the marginal
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cost of congestion. The difference in RDE estimates for Ghana and Zimbabwe demon-
strate the importance of increasing returns to scale in the production of loading.!* The
Zimbabwe case also points to one reservation: to the extent that economic growth is
associated with the development (or improved operation) of road haulage substitutes
(such as railroads) and stricter enforcement of axle-loading regulations, the relationship
between average loading (ESAL/km) and economic growth need not be monotone.

It is hard to predict the increase in congestion accompanying economic growth: it
depends on the level of motorisation, on theinvestment in infrastructure and on the special
features of each city. It is easier to predict the impact of growth on time valuation. Ignoring
the effect on the demand for bus travel and the occupancy rate (which may increase at low
income levels and fall later), and the effect of trip purpose on the value of time, the price
assigned to time increases, at a first approximation, proportionately to income. Thus, the
conclusion drawn for Ghana (with GNP per capita of $390) should probably be reversed
for an economy five times as rich (that is, with GNP per capita in excess of $2,000).1

A second lesson learned from the SSA study concerns differential charges for heavy
vehicles. Until now it has been assumed that all vehicles within a group (that is, light and
heavy) are homogeneous. This assumption can be defended in the case of light vehicles.
The disruptive effect to traffic flow of pick-up trucks, vans and minibuses is generally
assumed to be only one-and-a-half times that of private cars. When congestion costs are
low, this difference does not seriously affect the analysis. This is not soin the case ofheavy
vehicles. The damage inflicted on roads is proportional to the fourth power of the axle-
load. Therefore a small difference in axle-load results in a large difference in the
destructive effect (for example, if axle-loads differ by a factorof 1.5 the destructive power
differs by 5). Thus there are large differences in the destructive effect of various trucks.
In Ghana one study estimated the ratio for heavy vs light trucks at close to 5, while another
study putitat 120! The fuel efficiency (km per litre) of light trucks is two-and-a-half times
that of heavy trucks, but even if the lower ESAL ratio is used, this implies a charge on
heavy trucks which is twice that of light trucks.

To allow for these differences in the road damage externality one cannot rely on the
fuel tax alone. To avoid major misallocations, the diesel tax should be set at a level that
corresponds to the road damage externality of light trucks and full-size buses,!6 and the
difference in the RDE between these vehicles and heavier ones should be captured by
annual licence fees or acquisition taxes. Using Ghana’s example, if the optimum fuel tax
on heavy trucks is twice that on light trucks, the annual licence fee differential between
these two types of vehicle should equal the heavy vehicles’ annual payment of fuel taxes.

14 Another example is found in the Ghana study (Gronau, 1991, Table 9). Building on Newbery’s estimates
(1986) it is estimated that the RDE on a road with an annual use of less than 40,000 ESAL per km is ¢1.76
per ESAL-km, but the estimate drops to ¢0.50 when use grows to 200,000-400,000, and to ¢0.36 when use
exceeds 850,000 ESAL-km/year.

15 If 1} /ef; remains at a level of 1/5 and the correction coefficient is only a;/By, = 2 this will be true when
GNP per capita exceeds $1,000. Tunisia GNP per capita was $1,260 in 1989.

16 There is, unfortunately, noagreementon the destructive power of these two vehicles. InGhana one survey
found it to equal 0.8 ESAL/veh for both types of vehicles, while another found that light trucks cause hardly
any damage (ESAL/veh = 0.09) and the ESAL/veh for buses equals 1.5.
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Thedifferential in fees should be even higher if one adopts the higher estimate of the ESAL
per heavy truck. In this case, the differential should be divided between licence fees and
acquisition taxes.

Setting high annual fees (or acquisition taxes) for heavy trucks serves another
important purpose. The destructive power of a heavy truck depends largely on the
vehicle’s wheel configuration. Zimbabwe was exceptionally successful in curbing the
damaging effect of heavy vehicles by adopting rules and taxes to encourage the use of
multi-axle heavy trucks. These incentives, as well as tight enforcement of axle-load rules,
resulted in an average axle load of heavy vehicles in Zimbabwe which is only one quarter
tohalf that of Ghana. Creating an incentive scheme that favours heavy trucks with a wheel
configuration that is less susceptible to excess loading becomes even more important in
countries such as Ghana where the enforcement of axle-load rules are lax or non-existent.

5. Cost Recovery

The theoretical discussion has emphasised the difficulties encountered by the road
authority inrecoveringits currentexpenditures and capital outlays when roaduser charges
are set at their optimum level. We have found that SSA is no exception. Given the
prevailing weather conditions, about half of all maintenance costs are fixed, or depend on
the weather, and should not be charged to traffic. Given the low level of urban congestion,
most of the investment in urban roads and most of the expenditure on traffic management
is not affected by traffic volume but dictated by the need to assure access by households
and firms to the market at a minimum level of service. It was nonetheless observed that
in both countries investigated, Ghana and Zimbabwe, revenues from transport taxes
exceed current public outlay on the road system. This was achieved by adopting two
completely different tax-formats. In Ghana, acquisition charges were virtually non-
existent (with an effective import tax of less than 10 per cent of retail price), annual licence
fees are modest (and widely evaded), and with tolls playing only a minor role, fuel taxes
areleft as almost the sole source of transport revenue. Ex-refinery prices in 1988 were very
close to world prices, and the effective tax on gasoline and diesel was almost identical (14-
15 ¢/gallon). In Zimbabwe, the government relied on a whole array of transport taxes.
Distortions in the foreign exchange market make it difficult to evaluate the effective
acquisition tax, but at a shadow price of foreign exchange of one-and-a-half times the
official rate, these taxes were still positive (and increase with the weight of the vehicle).
Licence fees were of almost equal importance. Fuel taxes, however, still constituted the
major part of the tax base. But whereas gasoline was heavily taxed, diesel was subsidised
(at the shadow rate of exchange).

The scheme suggested in the preceding section calls for taxing diesel fuel at a level
equal to the road user charge on buses and light trucks, and relying on annual licence fees
and acquisition taxes to generate the differential between the externality associated with
light and heavy trucks. Assuming that the variable part of maintenance costs (routine and
periodic) varies proportionally with loading, taxes on heavy vehicles should generate
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sufficient revenue to cover this variable component (and, perhaps, also part of the capital
costs). To cover the rest one has to resort to gasoline taxes.

Gasoline-driven vehicles account for almost three-quarters of the annual km travelled
(70 per cent in Ghana; almost 80 per centin Zimbabwe). If the fuel efficiency of gasoline-
driven vehicles is two to three times that of heavier diesel-burning vehicles, then total
gasoline consumption should be one to one-and-a-half times that of diesel (for transport
use). Thus, if the tax imposed on gasoline equals that on diesel, the revenue generated
should equal one to one-and-a-half times that raised by heavy vehicles. User charges will
therefore cover maintenance costs as long as the share of the fixed component in these
costs does not exceed 60 per cent.

6. Summary and Conclusion

Higher taxes on gasoline than on diesel fuel are almost universal, regardless of the
country’s income level. There are sound economic reasons for adopting such a policy in
developed countries. This paper examines whether efficiency considerations dictate
pursuing a similar policy in less developed countries.

The paper focuses on two types of externality associated withroad usage: road damage
and congestion. The theoretical section emphasises the identical features of these two
problems (unlike the approach sometimes adopted by policy makers). These two exter-
nalities are associated with two different types of vehicle: road damage is caused by heavy
vehicles, while congestion, which occurs mainly on urban roads (or, more specifically, in
the centres of large cities), is caused by light vehicles. As a first approximation, road user
charges imposed onheavy vehicles should equal the road damage externality, whereas the
charge on light vehicles should equal only part of the urban congestion social costs, taking
into account the fact that almost one third to half of light vehicle travel is on congestion-
free interurban roads. If one has to rely on fuel taxes as proxies for these charges, then the
tax on light vehicles (the gasoline tax) should exceed the tax on heavy vehicles (the tax
on diesel) only if urban congestion costs per vehicle exceed road damage costs.

The data for Zimbabwe and Ghana, supported by other sources, indicate that at this
stage of development urban congestion is confined to very few SSA urban centres.
Efficiency considerations advocate lower taxes on light vehicles than on heavy ones in
low-income countries. (This policy should, however, be re-evaluated when the economy
grows and GNP per capita exceeds $1,000-2,000.) There is an additional factor advocat-
ing low taxes on diesel fuel in the more developed countries: diesel fuel is an input in the
production of road haulage services. Taxing these services directly is preferred to the
taxation ofinputs (Newbery et al., 1988). This type of tax may be administratively feasible
in an advanced economy, but not in LDCs.

Moreover, within the group of heavy vehicles, heavy trucks cause at least five times
more road damage than do light trucks and buses. A uniform tax rate on all heavy vehicles
is bound to cause misallocations in this sector. It is suggested, therefore, that the tax rate
ondiesel should be set toreflect theroad damage caused by light trucks and buses, whereas
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annual licence fees and acquisition taxes of heavy and medium trucks should be adjusted
to reflect the greater damage caused by these vehicles. These higher fixed charges, if
wisely chosen, may encourage truckers to use equipment with lower axle-loads (that is,
multi-axle trucks). Given the large component of fixed maintenance expenditures that are
insensitive to road loading, it is hard to believe that taxes on heavy vehicles alone will
suffice toraise the funds required for road maintenance. Hence, although road congestion
does not justify a gasoline tax that is as high as the diesel tax, considerations of cost
recovery (among others) suggest equal tax rates on gasoline and diesel. Fuel taxes and a
differentiated scheme of annual licence fees and acquisition taxes should assure the
recovery of maintenance costs and part of capital costs. This scheme has an additional
advantage: it creates minimal misallocation due to intermodal competition. It restores the
“true” prices in freight transport competition and causes only modest disruptions in (and
may even improve) passenger transport competition.

Throughout this analysis it was assumed that the variable component of road damage
is load-related, and hence unaffected by the passage of light vehicles (especially private
cars). Assuming that some of this damage is axle-related shifts some of the road damage
externality from heavy to light vehicles, increasing the optimum gasoline tax relative to
the diesel fuel tax. Road engineers agree that the wear of unpaved roads is mostly axle-
related. However, given the small share (less than 15 per cent in Ghana and Zimbabwe)
of the km driven by light vehicles on unpaved roads, this factor has little effect on our
previous conclusions. Road experts disagree on what part of the deterioration of paved
roads should be attributed to axle-passage (rather than loading). However, even if only
half of road damage is caused by loading, then, given the Ghana data, our conclusion will
still hold, but the results are much more sensitive to the country’s level of income (and the
passengers’ value of time).

This analysis ignores other possible externalities associated with motor vehicles. Of
these, the mostimportantin the LDC context seems to be the issue of road accidents. Ihave
not addressed this issue directly in my SSA studies. However, an earlier study in
Zimbabwe (SWECO, 1985) found that the externalities caused by accidents involving
light vehicles (per km) are less than one-third of the externalities from road damage caused
by heavy vehicles.

Another issue that has not been addressed is the effect of fuel taxation on income
distribution and other fuel-consuming sectors of the economy. The issue has been
examined in Ghana, but it is not clear whether the Ghanaian experience can be applied to
other SSA countries or LDCs as a whole. Oil imports constitute less than one quarter of
the Ghanian energy consumption (almost three-quarters are provided by biomass). Most
of the electricity is generated by hydroelectric plants, so that half of the petroleum imports
are used by the road transport sector (the percentage is lower in Zimbabwe). The reliance
onother forms of energy renders the household sector in Ghana almost immune to changes
in fuel taxation. Likewise, an increase in the tax on diesel fuel may have only minor
repercussions on the non-transport sector.

In developed countries the taxation of public transport (or imports used in its
production) is considered regressive, as the share of income spent on this service
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diminishes as income rises. Judging by the Ghana experience, this is not true at the bottom
of the income scale, where households are too poor to use public transport. Moreover, one
of the major problems in taxing diesel oil is that it requires a similar rise in the kerosene
tax to prevent the dilution of diesel with kerosene. Raising the tax on kerosene may have
adverse distributive effects since it is often used by the poor as a major source of cooking
fuel. In Ghana, where the poor rely mostly on wood or charcoal, the impact of such a tax
rise will be minor. Expenditures on fuel are less than 1.5 per cent of the consumption of
the poor. Modest changes in taxes will affect total consumption only marginally (see
UNDP/World Bank, 1986, and Oti Boateng et al., 1990).

Ghana may be unique in its ample supply of non-fuel sources of energy, but the
findings are supported by a study by Deaton (1987) of travel habits in five LDCs. Deaton
emphasises the large fraction of the poor who do not use any form of motorised transport
(they walk or ride bicycles) and the neutrality of transport taxes.

Finally, employing our Ghanaian estimate of RDE = ¢0.9 per ESAL-km, assuming the
average axle load of light trucks and buses is 0.8 ESAL/veh, and that their fuel
consumption is 5 to 7 km/litre, the diesel fuel tax should be ¢3.5 to ¢5 per litre. Data
presented by Heggie (1991, Figure 2.1) show thatin January 1988 most LDCs were within
these bounds. Hardly any of these countries charged an equal gasoline tax.

The proportion of fuel taxes in total transport taxes varies widely from one country to
another. A sample of developing countries (Heggie 1991, p.26) shows arange from 25 to
90 per cent, with amode of 60 per cent. Gasoline taxes contribute the largest share of these
taxes. Transport taxes, in turn, contribute between 5 to 16 per cent of total government
revenues. Given the narrow tax base of LDCs, the low price elasticity of gasoline
(estimated in most countries to be in the range of 0.1 to 0.5), and the negligible collection
costs, it is not surprising that most LDC governments prefer revenue and income
distribution considerations to those of motor transport allocative efficiency, charging
gasoline taxes which are, on average, one-and-a-half times higher than those on diesel oil.
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