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1
Introduction

Transport forms an important part of everyone’s life. The spread of production, trade and ideas and the economic ascendancy of mankind all depend upon movement. Adequate transport is something that we tend to take for granted in the industrialised world and if it is not available public concerns soon emerge. The reasons for this are not difficult to find. Comprehensive transport provision is perceived as an important input into the efficient functioning of modern industry and commerce. It also affords individuals and households the benefits of mobility.

Transport has some characteristics that makes it different from other goods. Possibly the most important characteristic of transport is that it is often not really demanded in its own right (Button, 1993). People wish, in general, to travel so that some benefit can be obtained at the final destination. Similarly, users of freight transport perceive transport as a cost in their overall production function and seek to minimise it wherever possible.

While the demand for transport has particular, if not unique, features, also certain aspects of supply are entirely peculiar to transport. More specifically part of the plant is mobile - almost by definition – and is entirely different in its characteristics to the fixed plant (for example, roads, airports etc.). The fixed component is usually extremely long-lived and expansive to replace. Further, few pieces of transport infrastructure have alternative uses.     

Demand and supply work together to determine the market price in competitive markets. The price of a good or a service is what must be given in exchange for the good or service (Stiglitz and Driffill, 2000). When the forces of supply and demand operate freely, price measures scarcity. In addition, in the competitive model, the equilibrium price of an object will normally equal its cost of production (including the amount needed to pay a firm’s owner to stay in business rather than seek some other form of employment). Elementary economics tells us that in the long run price will then be equated with the marginal (and average) costs of each supplier. But the transport market is different. Simple market economic theory cannot directly be applied to transport for a variety of reasons. Since journeys are unique in space and time monopoly is likely to arise in varying degrees, especially when technological change offers an advantage to a particular mode or where economies of scale affect one mode more than another. This situation also affects the pricing of transport services. Transport prices do not simply result from the law of supply and demand. This paper addresses a range of complexities that arise due to the nature of the cost structure and different market conditions generally observed in the transport sector. Although general pricing issues in transport will be discussed, particular attention will be paid to pricing of passenger car transport. The focus is on the demand for transport, infrastructure will not be particularly dealt with.  

This paper comprises several sections. We start with a general discussion on pricing issues in transport. Section 3 will focus on marginal cost pricing including equity and efficiency. We move on with the market failures and pay particular attention to externalities, monopoly and indivisibilities, which play an important role in transport pricing. Section 5 discusses some second-best pricing issues, since a lot of research is nowadays focused on this topic. Finally some concluding remarks and lessons will be drawn from the issues raised in this paper.

2.
Transport pricing

Pricing is a method of resource allocation. Pricing strategies permit specified aims to be achieved, there is no such thing as the right price. The pricing policy adopted by any transport undertaking depends upon its basic objectives. For example, optimal price aimed at achieving profit maximisation may differ from that needed to maximise social welfare or ensure highest sales revenue. In some cases there is no attempt to devise a price to maximise or minimise anything but rather prices are set that permit lower level objectives (for example security, minimum market share) to be attained. Further, prices may be set to achieve certain objectives for the transport supplier in terms of his welfare. This is normally the case of private enterprise transport undertakings, while in other areas prices may be set to improve the welfare of consumers (as has been the case with publicly owned transport undertakings). This distinction is important as many undertakings consider that the employment of the pricing mechanisms to achieve their objectives is automatically to the benefit of customers. Bennathan and Walters (1979) have identified a major distinction between the European and Anglo Saxon doctrines for setting port prices. They argue that European prices facilitate economic growth of the port’s hinterland, whereas the latter attempt to ensure that ports cover their costs and, where possible, make a profit irrespective of the effects on the wider local economy. 

It is clear that pricing objectives differ depending on the provision of transport services (public or private) and market conditions. The following pricing objectives can be distinguished:

· Economic efficiency;

· Profit maximisation;

· Cost coverage;

· Environmental sustainability;

· Equity (including redistributive objectives);

· Objectives transcending the boundaries of transport markets, including macroeconomic objectives.

The objective of economic efficiency reflects the aim to maximise social welfare. This objective will be discussed in more detail in the following. Profitability is the traditional, classical economic assumption that firms set prices as to maximise profits. More recent variations on this theory suggests that many undertakings adopt prices that maximise sales revenues (Baumol, 1979) when in an expansive phase, or simply price to ensure that certain satisfactory levels of profit or market domination are achieved (Simon, 1959). A third possible objective is that of cost coverage. Most publicly owned firms are not so much focused on making profits but to stay in business and recoup their costs, often induced to do so for political or fiscal reasons. Protection of the environment has become an important objective for governments in recent years. Transport in general, and road transport in particular, are widely recognised as an important source of pollution which threatens environmental sustainability. Pricing measures have been suggested or introduced to deal with these problems. It is arguable that promoting environmental objectives is consistent with the aim of securing welfare maximisation through economic efficiency, in particular when social welfare incorporates environmental social costs and benefits. 

Equity objectives and the distribution of real incomes in society are important issues to a government, reflected in the pattern of taxation and public expenditures. Whilst transfer payments, such as benefits and pensions, are a major means of redistributing income, the provision of services, such as transport at subsidised prices, is often considered to be equally important (United Nations, 2001). Also this issue is often included in optimising social welfare, equity issues in car transport will consequently be touched upon in the discussion on economic efficiency. Moreover, tax policies (or other policies) aimed at regulating transport and the various possible allocations of tax revenues, will have distributional consequences that may or may not match more generally formulated distributional targets, and may therefore motivate adjustments in currently used (distortive) taxes, which in turn implies that indirect efficiency effects may occur elsewhere in the economy. Finally, public bodies are concerned with macroeconomic policy objectives. Governments usually focus on four target variables: the level of unemployment; the rate of inflation, the balance of payments and the rate of growth of national output (see Stiglitz and Driffill, 2000). The level of investment in, and the pricing of, transport infrastructure and transport services both affects and is affected by macroeconomic policies. 

These sorts of objectives mentioned above are complex and are often not compatible (see Table 1 below for some examples). Whilst there are many transport pricing objectives, economists often focus on the pursuance of economic efficiency in the transport sector alone. Prices that are socially optimal are seen as the first-best benchmark, which is in most cases politically desired.  

Nevertheless, an expanding body of literature on transport pricing is emerging that considers pricing and revenue allocation in the context of a wider – general equilibrium – framework, in which (tax)distortions elsewhere in the economy and distributional objectives as represented in social welfare functions are considered explicitly (e.g. Mayeres and Proost, 1997 and Parry and Bento, 2002).  

Table 1: Pricing policy objectives and possible conflicts

Pricing Policy Objectives
Conflicts

Economic efficiency vs profit maximisation (or cost coverage)
Efficient pricing of the use of transport capacity may lead to financial losses 

Profitability vs income distribution
Pricing for profitability may lead to higher transport prices with adverse effects on the poor income groups

Economic efficiency vs macroeconomic policy
Macroeconomic price restraint policies may conflict with the need to increase transport prices during periods of congestion and excess demand

Source: Adapted from United Nations, 2001   

So efficient use of resources and optimising the welfare of society is clearly an important objective. It may even be the most important to governments involved setting prices in mobility. In the following the consequences of realising maximum welfare for price setting in general and transport pricing in particular will be discussed. We start by considering what is often called a ‘first-best’ world: apart from the (transport) price to be determined, all other markets have efficient pricing, there are no other constraints on the transport prices, and no market failures to be considered. Second best pricing issues will be discussed in section 5. 

3. Economic efficiency and equity in pricing 

3.1  
Efficiency: marginal cost pricing

The concept of economic efficiency is derived from the theory of welfare economics, and is concerned with the allocation of resources in an economy. Welfare economics takes a rather wide view of pricing, looking upon price as a method of resource allocation which maximises social welfare rather than simply the welfare of the supplier (Button, 1993). According to this view, prices should equate with marginal social cost to obtain maximal social welfare. Sometimes, public provision of the good or service may also result in maximising the suppliers’ welfare. Otherwise, regulatory policies may be applied to private companies so that their pricing policy is modified to maximise social rather than private welfare. This may take the form of price regulation, or taxing firms so that their prices become socially optimal. This will be explained below. 

Deriving optimal prices needs an objective function. The most general form of this function is a social welfare function. Formally, a social welfare function 
[image: image1.wmf](

)

n

V

V

W

W

...

1

=

 has as its arguments the indirect utility functions 
[image: image2.wmf]i

V

of individuals 
[image: image3.wmf]N

i

i

...

1

,

=

(Varian, 1999). These indirect utility functions indicate the maximum utility levels of the individuals. These utility levels depend on prices, income, and the magnitude of externalities such as congestion and pollution. The social welfare function incorporates welfare judgements with respect to the distribution of economic resources. These value judgements are reflected in the policy prescriptions based on the welfare function. 

Several alternatives can be used as a target. These include the search for local improvements to welfare (rather than a global optimum), Pareto improvements, potential Pareto improvements, compensating and equivalent variation, and social surplus. This last one is the most commonly used for applied welfare analysis. Social surplus is defined to be the sum of producers’ surplus and consumers’ surplus (CS). Consumers’ surplus represents the benefit to consumers, as expressed by their willingness to pay, in excess of the cost of providing a particular quantity or level of output. Producers’ surplus represents the revenue in excess of the cost of providing that level of output i.e., profit. The principal advantage is that CS can be calculated using uncompensated aggregate demand curves. On the other hand, CS makes the implicit welfare judgement that welfare distributional concerns do not matter by giving equal weight to the surplus of all individuals. Another drawback is that CS is not an exact money-metric measure of welfare.

Despite these disadvantages, the considerable practical advantages of CS make it attractive. CS is most commonly used to measure welfare changes associated with the change in the price of a good. Willig (1976) has shown that CS serves as a good approximation to the compensating and equivalent variation, which are exact measures of changes in welfare, as long as any one of three conditions hold:

1. the price change is not large

2. expenditure on the commodity is not a large fraction of income

3. the income elasticity of demand is not large
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Figure 1: Welfare maximisation in a partial equilibrium setting

Welfare theory assumes that interpersonal utility comparisons can be made and seeks to maximise the sum of consumers’ and producers’ surpluses. Diagrammatically, this can be illuminated as in Figure 1. In the diagram, MC is the marginal cost curve or supply function. Marginal cost is the increase in total cost that occurs from producing one more unit of output or service (Gomez-Ibanez, 1999). In the figure, it is assumed that marginal costs increase with output is increased. However, this is not necessarily the case in the transportation industry, where firms may face large fixed costs (see also section 4.3). D and MR represent the demand and marginal revenue curves, respectively. A profit maximising firm would produce the output 0g at the price 0c (marginal revenues equals marginal cost) (see also section 4.4 below). Consumers’ surplus (assuming no income effects) is equal to the area cde, and producers’ surplus is represented by the area acek, leading to a total of adek (social surplus level).  

If this firm were to set its price equal to marginal cost, output would expand to 0h and price would fall to 0b. Consumers’ surplus would be given by area bdf, and producers’ surplus by the area abf, resulting in a social surplus of adf. When we compare this with the previously obtained aggregate, it appears that the triangle kef makes the difference. The sum of the two surpluses is at the maximum when price equals marginal cost. In other words, social welfare is maximised when price is equated with marginal social cost (Pareto optimum). 

What marginal cost pricing does, in effect, is to result in transport services being provided up to the point where the benefit for the marginal unit is equated with the costs of providing that unit (Button, 1993). The traditional theory suggests that such a condition prevails in the long term when perfect competition exists despite the fact that each firm is trying to maximise its own profits i.e., producers’ surplus. The ability to exercise any degree of monopoly power, however, permits a firm to set prices above marginal cost, so that it can achieve additional profit at the expense of reduced output and at a cost to the consumer. This higher price, charged by the profit maximising monopolist, will deny some consumers the use of a service, even though they are prepared to pay at least the marginal social costs involved. This fear has been explicitly high in the transport market leading to a widespread price regulation in many sectors by numerous governments. 

This is the so-called first best optimum, which will prevail as a market equilibrium under certain conditions, among which:

· perfect competition

· no distortions in other market segments

· no externalities

· complete information about future prices, tastes and technology

· no subsidies or indivisibilities of demand or supply

An allocation is to be said first-best if it maximises social welfare subject to the irreducible technological constraints of production (Dreze and Stern, 1987). A first-best optimum in transport is an allocation defined by quantities of goods, including passenger and freight transport volumes, that maximises 
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 given the prevailing technology such as vehicle fuel consumption and emissions, and the capital stock including transport infrastructure (MC-ICAM, 2002). This definition encompasses externalities if their costs are internalised in the decisions of agents who generate them and included in their utility functions. Economic efficiency then implies that the full costs of transport services is accounted for including social and environmental costs (no externalities). Including these social and environmental costs in the welfare function is difficult, but estimates exist of most important externalities (see also section 4.2). 

3.2
Social welfare and equity

From the previous it becomes clear that in a fully competitive and distortion free economy, each price equilibrium is a Pareto optimum. This means that the market mechanism is able to guarantee efficiency for any initial distribution of resources over the population. However, this distribution might not be consistent with policy objectives and the public may perceive it as unfair. This section deals with pricing and its consequences in terms of equity. Equity is important from the viewpoint of distribution of income (or other items) and for the acceptability of pricing policies by the public. There are various types of equity concepts important in transport which will be discussed in the following as well as strategies to deal with distributional issues.    

Equity is important in the context of acceptability of pricing. Many stakeholders raise objections about pricing measures that they perceive to be unfair. If a pricing measure is unfair either to themselves in relation to other people or to people perceived to be less well off in society then there could be significant acceptability problems. Transport pricing can often be perceived to be a form of regressive taxation, allowing only those with enough money to access a resource (e.g. infrastructure) that was once considered free. Implementation strategies are therefore discussed that allow certain sections of the community to be exempted from pricing or compensate some groups with a lump-sum transfer. The problem of who should receive extra benefits (e.g. tax exemption) and the wider problem of making sure price measures are both equitable and perceived to be so, are important to be included in any successful implementation strategy. Here the concept of price discrimination shows up. In public transport, for instance, it is common that different prices are charged for the same service. Fare policy of governments may benefit particular groups of society, e.g. the elderly.

Public finance and tax literature makes the distinction between horizontal equity and vertical equity. Horizontal equity refers to the principle that says those who are in identical or similar circumstances should pay identical or similar amounts in taxes (Stiglitz and Driffill, 2000). It requires that those with equal status—whether measured by ability or some other appropriate scale—should be treated the same. If income were the only measure of a person, for instance, then two persons with equal incomes would be treated as equals. Vertical equity says that people who are better off should pay more taxes (Stiglitz and Driffill, 2000). This generally requires that those with less ability be treated favourably relative to those with greater ability. 

The role of these concepts in transport can be illustrated by describing the implementation of road pricing and the use of the revenues. Horizontal equity implicates that similar users should pay identical tolls. But the question who ‘deserves’ the benefit (or revenues) according to this criterion is matter of debate. It can be defined as those who actually pay the toll, or it could also include those who change their behaviour (travel pattern), thereby incurring costs in terms of inconvenience, and providing congestion reduction benefit to the toll payers. So the difficulty is that the initial users of the road have become ‘unlike’ after the implementation of the charge and should be compensated. The use of road charges to fund public transport is an example. Horizontal equity is further complicated by the existence of externalities from motor vehicle use, including accident risk and environmental degradation. That vehicle use imposes costs on other people itself represents horizontal inequity. If the criterion is horizontal equity and external impacts are recognised, then revenues may be used to compensate for external costs (Litman, 1996). Funding candidates may include environmental and social programs that mitigate the harms of motor vehicle use. Compensation of external costs, however, may in turn, induce inefficient behaviour by victims (Oates, 1983; Verhoef, 1994). This implies that (also) from this perspective, there may be trade-offs between efficiency and equity in the regulation of externalities. 

Vertical equity is concerned with the treatment of individuals and classes that are unlike. By this principle, the distribution of costs and benefits should reflect people’s needs and abilities. Progressive tax rates, and need-based services such as programs to help the poor, seniors and disabled people, are examples of policies reflecting vertical equity. Vertical equity is often measured with respect to income. This is an imperfect metric, since people with the same income often have very different needs and abilities. Road pricing is usually considered vertically inequitable because charges impose a relatively larger burden on the poor. For example, a €2 per day toll might be horizontally equitable (everybody pays the same amount), but vertically inequitable because it represents a larger portion of income for a low-income driver than for a high-income driver. This fact is tempered by the fact that lower income people drive less on average than those with higher incomes.

Another equity issue refers to spatial or geographical equity. This term is concerned with the treatment of individuals located in various regions or cities. Congestion pricing could be considered as unfair from this point of view as charges (depending on time and place) will differ among regions. Another illustration of spatial equity concerns in transport is the Sydney City Council, who decided that transport availability should not depend on the geographical area in which a person lives. Transport services should be available equally to people across the Sydney metropolitan region.

It should not be forgotten that it remains a political issue to decide what allocation of road pricing revenues is equitable. Whereas economic efficiency and equity can be evaluated with a certain degree of objectivity, political acceptability will reflect popular perceptions and the distribution of political power. When policy makers are not satisfied with the situation, implementation individual specific transfers can satisfy the distributional goals. If this redistribution may be realised without distorting the market mechanism, equity and efficiency can both be reached. The proper instrument for carrying out such transfers is a lump-sum tax, i.e. a tax that does not depend on any action of the individual; there is no way that he can change the tax liability (Atkinson and Stiglitz, 1980). A lump-sum tax would be one that induces income effects alone, no substitution effects. If such lump-sum transfers were possible there would be no reason to worry about distributional concerns in the transportation pricing policy domain. Unfortunately, in practice, it is almost impossible to effect transfers without distorting the market mechanism. 

It appeared from the previous that consumers’ surplus and the social surplus weight monetary gains and costs equally for all individuals. The fact that these objective functions are so often used in transportation policy analysis does not imply that researchers deliberately want to ignore distributional issues. The main reason for using social surplus as the welfare measure is that it is easier to use, mainly because it requires only information at the market level. 

Sometimes the term first-best optimum is reserved to situations in which lump-sum taxes can be used to address distributional issues. In such circumstances, the marginal social value of the public good is in the optimum equal to the welfare weight of each traveller. In such a first-best optimum prices are then equal to marginal costs. This does not mean that there is no reason for government intervention because of the existence of externalities. Charges including the marginal external costs have to be introduced in order to guarantee that the travellers pay the full marginal cost associated with their actions. Marginal cost based pricing can therefore be regarded as being fully consistent with the user pays principle under first-best circumstances. However, all dimensions of travel behaviour must be priced at marginal social cost, and distortions elsewhere in the economy must be absent in a first-best optimum.

Under this interpretation, the user pays principle implies that each user fully pays for the cost he imposes. But the principle can also be interpreted to mean that users together should cover the costs they collectively impose, implying average cost pricing, rather than marginal cost pricing. These two concepts are mutually inconsistent, unless marginal cost pricing just suffices to cover costs.  

4.
Transport pricing in practice

4.1
Deviations from marginal cost pricing

The previous has showed us that equality of prices and marginal costs leads to an efficient use of resources in an otherwise ideal world. But the practical world is not ideal. Actual (market) prices may deviate from marginal costs for a number of reasons. Moreover, given the existence of such distortions, it is usually not optimal to set the other prices exactly equal to marginal costs. Most of these reasons result from market failures. The following reasons can be mentioned: 

· Imperfect competition (e.g. monopoly)

· Increasing returns to scale (indivisibilities of supply: fixed capacity)

· Imperfect information

· Indivisibilites of demand: peak load

· Externalities

· Difficulties with implementing marginal cost pricing (price instrument)

· Policies in favour of equity

Imperfect competition implies that individual suppliers do not face a completely elastic demand curve. Profit maximisation then implies that a mark-up will be added to marginal costs. Only under conditions of perfect competition will market prices be equal to marginal cost. 

If prices are equal to marginal costs, industries with increasing returns to scale (decreasing cost industries) will suffer losses, and are therefore unable to exist. In the absence of subsidies, it is impossible to have prices equal to marginal cost in such industries. 

Imperfect information can reduce market efficiency, consumers need to have accurate information about their choices. For example, a rideshare program could fail to attract users because there is little demand for the service, or it could be that potential users do not know about it or have an inaccurate impression of it. 

Many parts of the transport industry experience a systematic pattern of demand fluctuations within a given period, the pattern repeating itself from period to period. The duration of the fluctuations is too short to permit capacity to be varied to match them, while it is too expensive or physically impossible to store spare capacity to meet the requirements of the peak demand period. If sufficient capacity is provided to meet the peaks, then the rest of the time varying amounts of it will be lying idle. On the other hand, the demand at each time will depend on the price that prevails at that time, as well as the prices set for all other times. In general, therefore, pricing policy could be used to flatten the peaks and raise the lows, so as to get a more even rate of capacity utilisation and a lower level of required capacity. The indivisibilities of demand is then that of determining an overall capacity level and optimal values for a sequence of prices over the demand cycle. The problem may be regarded as one of applying marginal cost pricing to a system with fluctuating demand.

In the presence of external effects market prices will (even under conditions of perfect competition) not be equal to marginal cost. In order to make prices equal to marginal costs, they have to be adjusted appropriately by internalising the external effects. As we will see later this requires tolls or subsidies, which are not always easy to implement.

Difficulties with implementing marginal cost pricing may arise when it is impossible to impose perfect competition or equality between prices and marginal costs by means of a governmental decree. Even if this would be possible, it is doubtful whether it would be desirable. In modern economies many markets are characterised by product differentiation which implies that producers can, to some extent, create their own markets and have some market power. Moreover, product differentiation is often to the benefit of the consumer. The development of new versions of a differentiated product usually requires large investments that are not reflected in the marginal costs of its production. Another sort of difficulty is related to the transaction costs incurred in setting prices equal to marginal costs. The administrative cost of collecting marginal cost fees, most of which are highly variable, can be rather high. This places a limit on the precision with which rate structures can reflect specific costs, although new electronic pricing systems reduce transaction costs.

When governments are unable to impose marginal cost pricing in other markets than transport, marginal cost pricing in transport itself would typically no longer be optimal. A straightforward example concerns labour taxes that would distort the labour market. When these exist, it is to be expected that optimal congestion charges for road transport – mainly affecting commuters and hence affecting labour supply decisions – would not only reflect marginal external congestion costs but in addition would reflect also the current distortions on the labour market.  

Social policy is not only concerned with efficiency, but also with equity. In the absence of instruments that enable the government to redistribute resources without distortions, this may require prices that deviate from marginal costs, for instance when luxury goods are taxed heavily (see also section 3.2).

The implication of this list is that one should not expect that in actual economies all prices will be (or can even be) equal to marginal costs. The transport market is characterised by several market imperfections which makes it very unlikely that the market, without regulation, will set transport prices equal to marginal social costs and, therefore, social welfare is not optimised. In the following, three specific market failures playing an import role in the transport market will be discussed, namely externalities, cost related issues (i.e. economies of scale, indivisibilities and common costs) and monopolies. In addition, some remarks will be made on the question of whether it is possible to correct for these market failures and in which way.  

4.2
Externalities

The essence of an externality is that it involves (i) interdependence between two or more economic agents, and (ii) failure to price that interdependence. Formally, externalities exist when the activities of one group (either consumers or producers) affect the welfare of another group without any payment or compensation being made (Button, 1993). Most attention in transport is paid to the negative (costs) externalities, although also positive (benefits) externalities can be identified. It is quite clear from everyday experience, that there are costs associated with transport that are not directly borne by those generating them. Transport generates many negative externalities, including noise, accidents, pollution, and congestion. Road travellers, for example, impose noise and vibration costs on those living adjacent to highways. These costs may be significant. Recent estimates of the external costs give us a feeling of the significance of these costs. Total external costs (excluding congestion) in Western Europe (EU 15 plus Norway and Switzerland) amount to 530 billion Euro for 1995, being 7,8% of the total GDP in these countries (INFRAS/IWW, 2000). Accidents are the most important cost category and responsible for 29% of total external costs. Air pollution (25%) and climate change (23%) costs are other important cost categories. The congestion costs are separately estimated in the same study and amount approximately 33.3 billion Euro (0,5% of total GDP). 

A result from the clear presence of externalities in transport is that the early neo-classical writers studying market failures frequently illustrated their viewpoints using transport examples. Dupuit was the one of the first in 1844 to illustrate efficient pricing of public goods (Button and Verhoef, 1998). Coase (1960) considered sparkles from a railway when studying the absence of property rights in relation to the existence of externalities. Another well-known example is that of a congested road, including optimal congestion charges (Pigou in 1920).

They all showed that the market mechanism fails to allocate resources efficiently. It should be emphasised that optimality does not imply the total elimination of congestion and pollution, but rather the achievement of optimal levels of external cost. Ideally, externalities should be contained to the point where the costs of further reductions exceed the marginal social benefits. Let us analyse the problem of externalities by examining road traffic congestion in general terms. This analysis will also hold for other transport modes and other externalities, but road traffic poses some of the greatest congestion problems and also offers a useful basis for analysis.

4.2.1
Congestion

The demand for transport is not constant over time. In large cities there are regular peaks in commuter travel while on holiday routes, both within the country and to overseas destinations, there are seasonal peaks in demand. Transport infrastructure, although flexible in the long run, has a finite capacity at any given period of time. When users of a particular facility begin to interfere with other users because the capacity of the infrastructure is limited, then congestion externalities arise. One should add that congestion does not only impose costs on the road user in terms of wasted time and fuel (also referred to as the pure congestion cost) but the stopping and starting it entails can also worsen atmospheric and other forms of pollution. This latter problem is particularly acute with local forms of pollution because road traffic congestion tends to be focused in urban areas.  

One idea for optimising the level of congestion is to use the price mechanism to make road users more fully aware of the impedance they impose upon one another. The idea that motorists should pay for the additional congestion they create, when entering a congested road was first suggested by Pigou (Pigou, 1920). Ideally they should pay the actual road users affected, but practically this is impossible, so the idea is that an organisation (e.g. the relevant road authority) should be made responsible for collecting the charges.

The economic costs of road congestion can be calculated using the engineering concept of the speed-flow relationship. If we take a straight one-way street and consider traffic flows along it over a period over time at different speed levels then the relationship between speed and flow would appear as in Figure 2. It shows that as vehicle numbers entering a road increase, average speed at first does not significantly change as does flow, measured by vehicles per hour. At low volumes of traffic, when vehicle impedance is zero, high speeds are possible, constrained only by the capability of the vehicle and legal speed limits, but as the number of vehicles trying to enter the road increases (so they interact with existing traffic) drivers will slow one another down. Up to a point, flow will continue to rise because the effect of additional vehicle number outweighs the reduction in average speed. The maximum flow is reached when increased traffic volume ceases to offset the reduced speed (the road’s engineering capacity). Absence of information causes motorists continue to enter the road beyond this volume leading to further drops in speed and resulting in the speed-flow relationship turning back on itself. These levels are known as forced flows; economists often use the term ‘hypercongestion’.  

Figure 2: The speed-flow relationship
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Source: Button, 1993

Speed-flow curves can be used to measure the economic costs of congestion. Generalised travel costs include the motoring costs plus the travel time cost for a certain journey. Broadly, faster travel in urban areas means cheaper travel in terms of generalised cost – vehicles are used more effectively and travel times are reduced. The average generalised costs of a trip will increase as flow increases up to the maximum flow rate. It will continue to rise as hypercongestion sets in and produces a reduction in the rate of vehicle flow. 

Pigou’s economic analysis of road pricing and costs will be explained in the following. We use a simplified framework and are not concerned with matters such as pollution and safety and suppose a simple road without junctions. In these circumstances, road users are identical apart from their marginal willingness to pay for a trip, represented by the demand curve D=MPB=MSB (marginal private and social benefits, respectively). Individual users entering the road will only consider the costs they personally bear (marginal private costs, MPC), but not the external congestion costs (marginal social cost, MSC) they impose on other road users. The difference between marginal social cost and marginal private cost is caused by congestion. The individual motorist will only consider the average costs experienced by road users and take no account of the impact of their trip on other vehicles. Consequently, the marginal private cost is equal to the average social cost (ASC).

Figure 3: The economics of road pricing
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Source: Button and Verhoef, 1998

The fact that potential trip makers tend to consider only the private costs of any trip and ignore the external or social costs means that effectively ASC is the decision making curve for private motorists. This means that road utilisation will be 
[image: image8.wmf]0

N

, at which marginal private benefits equals marginal private cost (the free market equilibrium outcome). This is excessive from a social point of view, since at traffic flow
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, the marginal social cost (including congestion cost) is (much) higher. The socially optimal level of traffic flow is 
[image: image10.wmf]*

N

. To internalise the externality or external costs of congestion, it would be necessary to impose a congestion tax. The charge that accomplishes this optimum is the Pigouvian charge 
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. This is equal to the difference between the marginal social costs and marginal private costs at the optimum, also known as the marginal external congestion costs. The shaded area reflects the welfare gain realised through introducing this charge. The Pigouvian tax is a charge imposed on the traveller or car driver, equal to the amount of the marginal external cost of the transport activity concerned, ensuring a Pareto-efficient allocation of resources. Theoretically, this policy strategy is preferable in a market system, but its implementation may encounter great difficulties as a result of high transaction costs caused by the ‘large number’ case and circumnavigating behaviour of travellers.  
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Many parts of the transport industry experience a systematic pattern of demand fluctuations leading to congestion within a given time period, the pattern repeating itself from period to period. The duration of the fluctuations is too short to permit capacity to be varied to match them, while it is too expansive to store spare capacity to meet the requirements of the peak demand period. This has led Vickrey (1969) to assume that traffic congestion takes the form of cars queuing behind a bottleneck. This model endogenised individuals’ departure times which generated a wealth of insights into urban rush-hour auto congestion (see for instance Arnott, De Palma and Lindsey, 1998).

4.3
Economies of scale, indivisibilities and common costs

The presence of externalities, discussed above, is one of several peculiar characteristics of transportation causing the failure of applying marginal cost pricing. Transportation facilities and services often face capital intensive infrastructure and vehicle needs leading to certain industry specific characteristics causing particular pricing problems. Specifically the large fixed investment costs and the joint use of the facilities and services may result in necessary deviations from marginal cost pricing. We will discuss the exhibition of economies of scale in transport, the implications of indivisibilities and the existence of common or joint costs.

4.3.1
Economies of scale

A characteristic of physical transport infrastructure is the considerable capital costs, which are often higher than the associated operating and maintenance costs for the infrastructure provider (especially on longer distance infrastructure), and can be very long lasting (see also Nijkamp and Rienstra, 1995). Once committed, infrastructure investment usually has few alternative uses and is normally regarded as sunk cost. This fixed component, such as roads, railways, bridges and runways give normally rise to significant economies of scale (marginal cost is below average cost). Once a rail track is laid the marginal cost of using it falls until some maximum capacity is reached. Firms with large sunk costs and facing economies of scale have marginal costs that are lower than average costs, so that pricing at marginal cost does not generate enough revenue for the firm to be financially self sufficient. In addition, transport vehicles, such as railcars and buses are also subject to scale economies in operation, though they are generally not as expensive as the infrastructure. 

In the long run however, congestion externalities may show up resulting in an increase in marginal costs. A toll should be installed which optimally should equal the external costs (Pigouvian charge). A major contribution of Mohring and Harwitz (1962) was to show that the revenues from such a congestion toll will just cover the costs of the facility provider so long as there are no economies or diseconomies of scale in facility capacity and the facility provider is investing optimally. This holds under certain conditions and concerns optimal highway investment in a first-best world (Lindsey and Verhoef, 2000). 

Budgetary problems are especially common in transportation because transport services often exhibit economies of scale so that marginal cost pricing does not generate enough revenues to cover costs. Ramsey pricing is often suggested to be a solution in order not to deviate too much from efficient pricing. Ramsey pricing minimises the distorting effect of charging more than marginal cost by increasing prices more in those markets where demand is least sensitive to price (Nash, 2001). The basic idea is to charge those customers with the least price elastic demand the largest markups to cover marginal cost and thereby minimise the reduction in consumption that occurs from charging prices that are higher than marginal cost. Commuters, for instance, will be charged more than shoppers and business travellers more than leisure passengers. It should be noted, however, that this form of price discrimination has itself often been regarded as unfair as it exploits market power to raise price to the captive user. If the view of equity is that all users should contribute to the cost of that facility in proportion to their use of it, then some form of average-cost pricing is the only admissible pricing policy.

4.3.2
Indivisibilities

Problems arise when applying marginal cost pricing to transport infrastructure and services, because capacity can only be increased in relatively large indivisible units. There are many examples to be found in the transport sector: if the capacity of railway coach is 60 passengers, then to carry 61 persons requires another coach. Existing airports at capacity are another example, expansion requires a new runway and terminal facilities. It is often extremely costly to make (small) additions to physical capacity. The issue is one of optimal investment timing since, under conditions of growing demand, there will come a point at which an increase in capacity will be worthwhile. This brings us to the distinction between short run and long-run marginal costs.

In specifying the marginal cost pricing rule, it is important to understand the distinction between short-run and long-run marginal costs. The distinction arises because different factors of production, used in providing transport services, have differing degrees of fixedness or variability over various business planning horizons. Airports, for example, facing increased demand may be able to increase throughput in the short term, whereas in the longer term the operator is forced to invest in new infrastructure (e.g. a terminal or runway). In the very short term, all inputs and costs are essentially fixed, and conversely, in the long run, all inputs and costs are ultimately variable (Braeutigam, 1999). Over a planning horizon, it is important to identify those costs that can be varied (variable costs) and those which cannot be varied (fixed costs). Prices should normally be set in relation to short-run marginal cost, which may lie above, below, or be equal to long run marginal cost.

What this means for optimal pricing and optimal investment can be illustrated with an airport example (investment in a terminal). The initial marginal costs of using a terminal will be very low, so the price is low when set according to short run marginal cost (excluding investment cost). There is no need for new investment as there is spare capacity. If the demand function shift outwards over time, the marginal costs will (sharply) increase due to congestion effects. A new terminal might be needed now. When the price in the peak period consists of operational cost (including that of additional investment), the corresponding demand will give a clear indication of the necessity of the investment. Continuation of excess demand with these LRMC charges justifies investment in a new terminal. In the long run optimum SRMC=LRMC may apply (Mohring-Harwitz type of equilibrium, see section 4.3.1).

This analysis implies that marginal cost pricing could produce market fluctuations in price before and after capacity adjustments are made. Further, whether or not the airport makes a profit depends on whether the price lies above or below the long-run marginal cost curve, LRMC. At any given point in time, the terminal might be profit or loss making; however, over its life, the net present value of the investment in additional capacity should be positive if it is to be worthwhile. Such fluctuations in prices and profits are likely to be undesirable; however, any other pricing pattern will produce welfare losses. If the price floor is raised above marginal running costs during times of excess capacity, then underutilisation will occur. If a price ceiling is set, during periods of excess demand, non-price rationing methods will be required. Similarly, premature investment in capacity is likely to represent a waste of capital resources, it will, however, keep marginal cost based prices low. 

4.3.3
Common and joint costs

A related set of pricing complications occurs because transportation firms often use the same facilities, equipment and labour to produce different services: they are multiproduct firms. This leads to the conceptual and practical problems of determining transport prices associated with fixed and variable costs and choosing the relevant time period because many costs may also be ‘joint’ or ‘common’ to a number of users. Pricing in these circumstances may be difficult as it is not always clear how to allocate costs between products. This may make it difficult to determine marginal costs. Joint costs exist when the provision of a specific service necessarily entails the output of some other service or product at little extra expense (Gomez-Ibanez, 1999). Jointness is a technical feature and exists at all points in time, that is, both before and after investment or capacity decisions are made. The classic example of jointness is the return trip or ’black-haul’, where the supply of a transport service in one direction normally implies the provision of a return service (Button, 1993). 

Common costs are similar to joint costs, in that they are incurred as a result of providing services to a wide range of users, but differ, in that the resources used to provide one service do not unavoidably result in the production of other services (United Nations, 2001). An airport, for example, faces considerable common costs. A terminal is used by different types of users, terminal retailers and air passengers. The same holds for runways, these are used by different types of planes. The allocation of these common costs among users poses particular practical problems, which consequently also leads to pricing problems. 

Although many think that all fixed costs may be regarded as common or joint costs, variable costs may also be joint or common. For instance, runway maintenance costs are, to an extent, common to all types of planes. However, some fixed costs are specific; for example, railway freight wagons are not relevant to passenger traffic. 

4.4
Monopoly

Firms facing the previous mentioned aspects such as high fixed costs and economies of scale, together with significant indivisibilities in the provision of capacity, have limited competition  and give rise to monopolies in the transport industry – particularly in terms of infrastructure. Under these conditions, and a fairly small transport market relative to the optimal size, a good or a service can only be produced at least cost if only one firm is engaged in its production and a natural monopoly is likely to emerge. Public transport companies are often claimed to be a natural monopoly, although there may be little evidence of scale economies (Gomez-Ibanez, 1999). Constraints on competition are intended to avoid certain problems, but this tends to increase costs and does not provide incentive for the development of alternatives, such as demand response transport and premium service commuter buses. A more competitive transport market may therefore result in benefits to consumers.

The existence of monopoly creates a major distortion in the market for transport services. There is every risk that the unregulated market will not provide optimal transport prices and, therefore, will not lead to the maximisation of social welfare. In such circumstances, government often intervenes by either directly providing the transport services or by regulating prices. 

In a competitive environment with many providers of transport services, prices will normally equate to marginal costs. However, this is unlikely to be the case under conditions of monopoly. Figure 4 depicts how price and output would be determined under conditions of monopoly and under competition within a transit industry, subject to declining costs.

The monopolist aiming to maximise profit will expand output up to the point at which marginal revenue is equal to marginal cost – point a in Figure 4. The corresponding level of output, QM, leads the monopolist to charge a price of PM and supply the market at an average cost of CM. The profit equals QM (PM- CM). Under perfect competition, demand and supply determine the price. The aggregate marginal cost curves are assumed to represent the industry supply curve which result in an equilibrium at point b in Figure 4 with output QC. Costs are higher than revenues and at this point the firms in the industry will make a financial loss. This is often the case in transport due to economies of scale. 

The existence of declining costs in the transport industry is an important reason for the emergence of natural monopolies in many sectors. The potential monopoly power and the possibility of abuse of this position may reflect in high prices (or price discrimination) and has often led to government price regulation and public ownership. This is often the case in the airport industry. Governments are most often afraid of private airports setting inefficiently high prices. Therefore airports are often in public hands, or privatised airports are regulated. The existence of monopoly implies that the market mechanism will not achieve, without regulation, economic efficiency and welfare maximisation.

Figure 4: Price determination under monopoly vs perfect competition
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5.
Second-best pricing issues

From the previous it became clear that marginal cost pricing maximises social welfare. The standard exposition uses the well-known market diagram that identifies the free-market equilibrium at the intersection of the marginal benefit (demand) and the marginal private cost function (see figure 1), and the optimum at the intersection of the marginal benefit and the marginal social cost function. When the existence of marginal external costs drives a wedge between marginal private and marginal social costs, the free market equilibrium and the optimum will not coincide. A (so-called Pigouvian) tax could then be used, equal to marginal external costs, which makes sure the consumer is confronted with all costs of their decision. These pricing principles and a Pigouvian tax only hold in a theoretical first best world. This first-best pricing is increasingly recognised as being of limited practical relevance, but it might serve as a useful theoretical benchmark. 

We have seen that various market circumstances and characteristics hinder the transport market in setting prices based on marginal costs. In addition, various constraints and barriers may exist that prevent a regulator from charging prices that it ideally would like. Under such conditions, the regulator has to resort to second-best pricing: setting the prices that are available optimally, under the constraints applying. Verhoef (2002) mentions the following important constraints:

· Technological and practical constraints; first-best pricing requires charges that vary continuously over time, place, route chosen, type of vehicle, driving style etc, which might be too sophisticated and not understood by drivers or impossible to implement under available charging technologies;

· Acceptability constraints; there may be too much resistance and uncertainty (e.g. about objective and necessity of the measure) that it may seem preferable to start with a few small-scale demonstration projects;

· Institutional constraints; one example is where local or regional governments cannot affect some transport charges that are set by a higher level government;

· Legal constraints; ideal prices might not be possible on the basis of legal arguments (e.g. when taxes should be predictable)

· Financial constraints; for instance the prior definition of minimum or maximum tax revenue sums to be collected;

· Market interaction constraints; transport taxes will have many consequences for other markets, among the most important is the labour market;

· Political constraints; charges may become a political issue much more than an economic question.

Examples of second-best tolling include the use of toll cordons around cities instead of tolling each road in the network and the use of step tolls instead of smoothly time-varying tolls. It is safe to state that second-best pricing will be the rule for the implementation of marginal cost based pricing in reality. 

5.1
Second-best pricing: an overview of some results

It is clear that some aspects of the transport sector do not correspond to first-best conditions. We then enter the world of second-best where the imperfectness of one variable has consequences for the optimal value of others. The conclusions that emerge from second-best analyses are dependent on the details of the situation under consideration and it is hard to draw general conclusions. A substantial technical literature has emerged over the last decade, that addresses various types of second-best pricing schemes (i.e. what do the tax rules look like, how do they deviate from Pigouvian charges), and towards the relative efficiency of these schemes. Attention has turned in the recent literature to more realistic types of “second-best” pricing, in which various costs or constraints deter or prevent the setting of first-best tolls. Much of this literature is reviewed in Lindsey and Verhoef (2001), whereas MC-ICAM (2002) gives insight into the kind of analysis. The following briefly presents some of the most relevant second-best problems that have been studied in transportation (congestion) pricing and draws heavily on both studies.

Networks

First-best pricing in a network assumes that each link of a road network is efficiently priced. This is often impossible due to excessive costs, the requirement of toll-free alternatives by governments and the likeliness of incremental implementation rather than at once. The question under study is then how second-best tolls should be set on toll roads given unpriced congestion on untolled roads elsewhere in the network. 

This network problem is one of the most widely studied where the simplest version concerns a simple network in which there are two links connecting the same origin and destination. Verhoef et al. (1996) demonstrate that if one of the links is often congested, the optimal second-best toll of the other link can be negative. This study also shows that the optimal toll depends on the relative free-flow travel times and capacities of two routes, and on the price elasticity of travel demand. Welfare gains from second-best pricing are, according to this study, a small fraction of the benefits from the first-best benchmark (only 10%). Other studies have looked at ways to enhance efficiency and incorporated the possibility of dynamic (time varying) tolls and sorting of drivers according of value of travel time. This indeed yields higher absolute efficiency gains. 

Most network studies assume a unimodal network. In reality, a traveller has the possibility to choose between modes. The leading example is the choice between public transport and the private car. The main difference between second-best problems on networks and those for mode choice is that in the former case an assumption of perfect substitutability is often made. Although at first sight the two mode problem appears to be relatively simple, it has proved to be difficult to solve (MC-ICAM, 2002). Results are very much restricted by the assumptions made (such as  fixed capacity and a fixed toll) and often complicated and difficult to interpret. 

Heterogeneity

Travellers and road vehicles differ in a number of characteristics. Vehicles vary for example in the road space they occupy and weight and acceleration capabilities. Travellers have different values of time, desired speed, and so on. First-best pricing often requires to distinguish between different vehicle types and users (because of different marginal costs). It is important to know whether first-best congestion pricing can still be implemented given these dimensions of heterogeneity, and if not, how second-best tolls are optimally determined. In this context a distinction is often made between anonymous tolling schemes (independent of vehicle type and driver) and non-anonymous (type-specific) tolls.  

Many studies have been conducted towards the implications of the problem of heterogeneity and pricing. The topics range from heterogeneity in drivers’ values of time and trip timing preferences to the heterogeneity in travel speed. Another example of a study that can referred to here is that of Verhoef and Small (1999) who consider a differentiation of tolls across parallel traffic lanes by using a static model. They show that an anonymous toll may still be optimal on each lane separately, and efficient segregation of drivers is achieved without regulation. It should be noted that the extra gains are rather small, so that a second-best single toll applied to the entire highway does not impose much of a welfare loss. Optimal anonymous tolling may entail segregation of vehicle or driver types onto separate routes.    

Interactions with other sectors

Imperfections in other sectors of the economy have consequences for second-best optimal pricing of transport services. Modelling the transport sector typically assumes that the rest of the economy operates under first-best conditions. Although applied with the aim to simplify the modelling exercise, it is usually well off the mark. For example, the existence of distortionary taxes on other markets (especially the labour market) and income distribution (which might be suboptimal) can be motivated by governmental objectives but have implications for pricing in transport. Intersectoral issues matter because transport pricing interacts with other markets that may be strongly distorted. 

The existing literature on intersectoral issues shows the importance of them for optimal pricing: they are almost always relevant (MC-ICAM, 2002). The most relevant relation is with the labour market, which is heavily distorted: labour taxes exist mainly due to the governmental need for revenues and equity reasons but strongly distort the labour-leisure choice. This implicates that whenever there is a reform in transport prices, the effect on the labour market distortion should be taken into account. Moreover, since distributional objectives can hardly be achieved by using distortionary labour taxes alone, the distributional concern will almost always be relevant in transport pricing.

In this context, also the spending of revenues from pricing schemes is important for the over-all success of the measure. These revenues might be used to subsidise public transport, but also to reduce labour taxes, to increase government spending on other services and so on. The effects for other sectors should not be neglected when looking at the effects of pricing. Parry and Bento (1999), for instance, show that the general equilibrium effects of road pricing schemes are sensitive to the spending of revenues, and may deviate considerably from partial equilibrium outcomes (see also section 2). This may have important implications for buying social acceptance for congestion pricing schemes.     

6.
Concluding remarks

This paper aimed to give an overview of the economics of transport pricing and provide some basic understanding of key issues important for prices in transport markets. It addresses a range of complexities that arise due to the nature of the cost structure and different market conditions generally observed in the transport sector. 

Pricing is a method of resource allocation, there exists no right price, rather there are optimal pricing strategies to permit specified aims to be achieved. Several transport pricing objectives can be distinguished, such as economic efficiency, profitability and cost coverage. Whilst there are many transport pricing objectives, economics will usually argue that the pursuance of economic efficiency should take precedence. Optimising the welfare of society may even be the most important to governments involved in setting prices in mobility. The concept of economic efficiency is derived from welfare economics, and is concerned with the allocation of resources in an economy. According to this theory, prices should equate with marginal social cost (throughout the economy) to obtain maximum social welfare. Marginal cost pricing results in transport services being provided up to the point where the benefit for the marginal unit is equated with the costs of providing that unit. 

This efficient price will only prevail as a market equilibrium under certain conditions, i.e. all other markets have also efficient pricing, there are no constraints on transport prices and market failures are non-existing. However, this optimal outcome may not reflect policy objectives. Distributional goals can be satisfied by making individual specific transfers and if these can be realised without distorting the market, equity and efficiency can both be reached. 

In most cases however, actual market prices deviate from marginal costs due to several reasons. The transport market has some characteristics making it very unlikely that the market, without regulation, will set transport prices equal to marginal social costs and, therefore, social welfare is not optimised. Examples of these reasons include imperfect competition (monopoly), increasing returns to scale and externalities. One of the most particular externalities in transport is congestion. Congestion is in fact caused by excessive demand exceeding capacity. The price is not equal to marginal costs because the externality is not reflected in the price to be paid by the users. A Pigouvian charge would, in a first-best world, be the optimal way to internalise the external costs of congestion resulting in optimal prices. 

These characteristics make marginal cost pricing unrealistic in a free market. Governments may want to intervene and set more efficient prices. This is not straightforward as the regulator may face several barriers and constraints preventing it from setting optimal prices (e.g. technical or political in nature). The regulator has then obviously to resort to ‘second-best’ pricing: setting prices that are available optimally under the constraints applying. Recent research has therefore focused on more realistic types of second-best pricing, in which various costs or constraints deter or prevent the setting of first-best tolls. This latter is often regarded as a useful benchmark. Examples of second-best problems discussed in this paper include the problem of networks and the interactions with other markets or sectors. Under second-best conditions, optimal prices may be said to be marginal cost based, rather than identical to marginal costs. It appears that second-best prices are more difficult to determine and implement and may lead to considerably lower welfare gains compared with first-best prices.
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