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Abstract

The European transport sector has traditionally been regarded as a natural monopoly, dominated by state owned vertically integrated railways. During the last decades the railway sector has been subject to a widespread European reform. The European Commission started the reform with the directive 91/440 asking for the separation between train operations and infrastructure provision. 

This paper will address some of the theoretical issues on congestion and scarcity in railway infrastructure and the cost related to congestion that have to be included in the tariff in accordance with the European directive 14/2001.
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1. Reform of the sector and need to introduce a charge for the access to the infrastructure

During the ‘90s, introducing the Directive 440/91/CE, the European Union started a reform of the whole railway sector. This reform had a twofold objective; to contrast the continuous loss of market share of railway transport, in comparison to road transport, and to restore the deficits that national public companies accrued in the past years.

The solution proposed by the European Commission was the opening of the market to competition, as a possibility to make railway companies more efficient, and therefore be able to reduce deficits and to attract greater market shares. This thanks to the ability to provide a quality improved services.

The European Commission issued different series of Directives:

· Three in the ‘90s: 440/91/CEE, 18/95/CEE and 19/95/CEE, in which the Commission outlined the reform’s guidelines;

· Three in 2001: 12/01/UE, 13/01/UE and 14/01/UE that modify and integrate the previously three directives. These directives also define the principles to uniform the rules in force at level of individual States;

· Other three in 2004: Directives 2004/49, 2004/50, 2004/51/EC.

The key point defined by these directives is the separation of infrastructure management from management of operations. The former keeps on being managed at national level, because of the natural monopoly characteristics of the network, the latter are opened to competition, with the possibility of a pluralism of operators. Train operators obtain the right to have access to the infrastructure by payment of a tariff to the infrastructure manager. Obviously the company has to prove to own the technical requirements foreseen by the regulations.

In this contest the government is called to manage the infrastructure, directly or indirectly, as a supervisor. It has also to ensure that the market of the service is consistent with the characteristics of a contestable market.

The introduction of a tariff to have access to infrastructure, set by the directive 440/91, detailed first in the directive 19/95 and then in the directive 14/2001, is useful for an effective liberalization of the railway transport sector. Due to the existence of growing deficits, it is essential to recover, al least in part, the costs that have to be held by infrastructure managers.

Open access to infrastructure and the payment of a charge to have access, discourage the use by inefficient operators; allowing the State to obtain compensation for the negative externalities produced by the inefficient users and permitting access only to operators able to better satisfy social interests.

To define the level of charge at which infrastructure managers make their resources available to others operators, is crucial for the general equilibrium of the sector. Prices define the effective level of competition in the sector. Prices should also assure the efficiency of the whole sector, i.e. they have to provide enough incentive to the monopolist, in order to assure the opening of the market to all competitors. At the same time charges shouldn’t be so heavy to induce competitors to turn to other options.

Pricing is a method for allocates resources; it does not exit a univocal principle that allows to determine optimal level of charges, but exist different criteria and different optimum. The optimality of a criterion depends on the objective we are looking to achieve.

Follows a list of the main objectives that a regulator may decide to achieve with the introduction of a charge for the use of the infrastructure. This list has to be taken into consideration when the regulator decides about the introduction of a tariff:

· efficient use of the infrastructure

· profitability for the infrastructure manager

· efficiency in the expansion of the infrastructure

· efficiency of the whole railway sector

· environmental sustainability of the transport sector

· other macroeconomics objectives.

However it does not exist a pricing method that allows the regulator to achieve all these objectives at the same time. Sometimes these objectives are opposing each other, i.e. the achievement of one doesn’t permit the fulfilment of another. For example the efficient use of the infrastructure contrasts with the profitability for the infrastructure manager. The definition of the objective that the regulator want to achieve, is therefore of leading relevance.

In the case of the railway infrastructure the goal is defined by the European Directive 14/2001 that is analysed in the next paragraph. This directive establishes that the efficient use of infrastructure has to be attained.

2. European policy on the railways infrastructure pricing: the EU directive 14/2001

In 1995 the European Commission started to outline the guidelines for an European infrastructure pricing policy publishing the Green Paper “Towards Fair and Efficient Pricing”. The principle enunciated in this book is that of marginal cost pricing, but it is also remarked the need to recover the full cost of infrastructure applying some mark-ups. It is also pointed out that the external costs, such as congestion, accidents, environmental and noise pollution, are elements hardly ever taken into consideration in the European Countries.

In the White Paper “Fair payment for infrastructure use: a phased approach to a common transport infrastructure charging framework in the UE” published in 1998, the European Commission sets that marginal social cost has to be used as reference model in infrastructure pricing policy and gives the following definition:

Marginal costs are those variable costs that reflect the cost of an additional vehicle or transport unit using the infrastructure. Strictly speaking, they can vary every minute, with different transport users, at different times, in different conditions and in different places... …More usefully, they should reflect infrastructure damage, congestion and pollution costs, and so would vary according to factors like unit weight or number of axles, peak times, urban travel, and engine emissions.

Marginal cost components can include:

· Operating costs;

· Infrastructure damage costs;

· Congestion and scarcity costs;

· Environmental costs: air, water, and noise pollution;

· Accident costs;
The same direction is pointed out in the Directive 14/2001/UE, specific for railway transport, entitled “On the allocation of railway infrastructure capacity and the levying of charges for the use of railways infrastructure and safety certification”.

As we can easily understand reading the title, the directive is consisting of three mains parts. The first is related to infrastructure charges, art. 4-12; the second is devoted to infrastructure allocation, art. 13-29 and the third provide on safety, art. 30-33. This paper is only about the first part of the directive: infrastructure charging.

The directive does not provide specific rules or methods for setting the charging system. These have to be developed by each country.

The basic principles contained in the Directive 14/2001 are as follow:

· the charge shall be set at the cost that is directly incurred as a result of operating the train service, art. 7 paragraph 3;

· the charge may include a charge which reflects the scarcity of capacity, art. 7 paragraph 4;

· the charge may be modified to take into account the environmental costs (only if such charging is applied to competing modes of transport and at a comparable level),art. 7 paragraph 5;

· The charge may be levying a charge for capacity used for infrastructure maintenance; this shall not exceed the net revenue loss to the infrastructure manager caused by the maintenance, art. 7 paragraph 9;

· in order to obtain the full recovery of the costs, the infrastructure manager can levy mark-ups on the basis of efficient, transparent and non-discriminatory principles (if the market can bear this), art. 8 paragraph 1;

· higher charges may be set for the recovery of specific future investments, art. 8 paragraph 2;

· discount may be allowed, but they shall be limited to the actual saving of the administrative cost to the infrastructure manager, art.9;

· compensation may be allowed for unpaid environmental, accident and infrastructure costs of competing modes of transport, art. 10;

· the charge shall include a performance regime that encourage both railway undertakings and infrastructure managers to minimise disruption of service and improve the performance of the network;

· the charge may include a charge for capacity requested but not used, art. 12.

Taking into consideration the above list we cannot say that the directive point out a specific principle of charging, on the contrary, many principles are involved.

Certainly the basic principle stated in the art. 7 paragraph 3, is that of marginal cost pricing. This because it is established that charges shall be set at the cost that is directly incurred as a result of operating the train service.

In the same article is pointed out that it is possible, but not compulsory, to add at this basic price, the social component of scarcity and environmental pollution. So, in our opinion, it is not right to say that the directive exactly meets the marginal social cost principle established in the White Paper 1998 because it is not compulsory to take into account social components.

Moreover according to the definition of congestion given in the fourth paragraph of this paper, in the directive (art. 11) it is only mentioned the existence of a performance regime. It is this the real cost of congestion?

There is a clear reference to full recovery cost principle when is reminded the possibility to apply for mark-ups, if the market can bear them. There is also reference to long run pricing at the art. 8 paragraph. 2. It is possible increase the charge for financing future investments or recovering investments ended 15 years before 2001.

The possibility to charge for the capacity reserved but not used is beyond of the above mentioned principles, and it is also outside of the marginal social cost principle.

3. Theoretical discussion about congestion and scarcity concepts

It is not easy to define in an unambiguously way the concepts of congestion and scarcity in railway transport; the literature in fact is quite conflicting.

In the White Paper of 1998, the European Commission defines congestion in this way: “Congestion arises when traffic exceeds infrastructure capacity and the speed of traffic declines. It can be defined as a situation where traffic is slower than it would be if traffic flows were at low levels. The definition of these “low levels” (reference level) is complicated and varies from country to country.

Congestion costs comprise direct costs (time costs, operating costs) and indirect costs (the opportunity cost of the time lost, costs occurred to third parties due to delayed deliveries of goods, environmental costs)”.

When we talk about congestion the mean of transport that theory generally use as reference is road transport.

If roads get more crewed, average speed decreases. An additional vehicle thus increases average travel time. This creates a negative external social cost that should be properly taken into consideration. Since the additional driver experiences only his own travel time, and not the effects of his trip on other users’ travel time, there will be a discrepancy between his own private cost-benefit trade-off and a social cost-benefit analysis that accounts for all effects.

The difference between the cost perceived by the single user, private marginal cost, and the real cost sustained by society, social marginal cost, is the cost of congestion that has to be charged to road users.

More complex and undoubtedly less studied is the case of congestion and scarcity in railway transport. Frequently in the literature we find only the classical definition that refers to road congestion explained above.

The problem we face in railway transport, like in air transport for the airport, springs because, while in road there is free access to infrastructure, the circulation of trains is planned once a year in advance and does not change during the year.

Stated that, in our opinion the two terms are so closely linked that they cannot be clearly distinct,  we pursue quoting the more important definitions that we found in the literature.

Expert Advisors to the High Level Group on Infrastructure Charging (1999). They distinguish between the case of road and that of rail, and for the latter report the following definition. The concept of scarcity is deducible by this sentence: “…but the main consequence of full utilisation of capacity is that users simply cannot get the capacity they want when they want it; they have to run their trains at times and possibly speeds different to their preferred alternative, or to give up the journey” pg. 16. There is not, instead, a clear definition of congestion, but there is reference to delays in the paragraph 2.2 pg. 6 “Unscheduled delays imposed by one train operator on another may be measured ex post if adequate monitoring is undertaken to measure both the extent and the cause of delays. However, this will only measure the delays directly caused and not those where the presence of the additional train has worsened the consequences of other delays by absorbing part of the recovery margin. It is therefore more accurate to measure anticipated delays by simulation modelling and charge these as part of the tariff. Of course these additional delays will vary by route, type of train and time of day”.

(Gibson, Cooper and Ball 2002 p. 345) accurately define congestion cost: “for any given level of exogenous delay to one train, it is clear that increasing the congestion on the network increases the expected level of reactionary delay...” “…this is a marginal cost to Railtrack of the extra train on the network. (known as the ‘‘congestion cost’’ of the additional train). While scarcity cost “… is one that seeks to ration demand to the capacity available, which might provide Railtrack with an ability to capture monopoly rents where the network is congested”.

(Thomas, Dionori, Foster 2002) distinguish between “capacity charges (or congestion charges)” e “scarcity pricing”, defining “capacity charges are levied in Britain and are set to recover the infrastructure manager’s increased congestion cost which result from running an additional train on the network…” “…reducing the gap between services makes it more difficult and costly for the infrastructure manager to manage the knock on effects of an initial delay (known as reactionary delay). Referring to scarcity pricing there is not a definition, but the ways to evaluate it making reference to that of the High Level Group.

In (Nilsson 2003 p. 13), there are the following definitions “Scarcity is manifested either in that trains have to depart at other times than they would prefer or in that they are completely closed off from operation”. For congestion “A congested situation may occur once a certain timetable has been established. One possible reason is that an operator’s train is delayed and that other operators as a consequence may have also their trains delayed”.

(Quinet, Vickerman 2004 ) do not distinguish between congestion and scarcity, also if there is explicit reference to railways. There is only the definition of congestion “it is revealed in the gap between desired and effective arrival time in the published timetable”.

In (Nash 2005 p. 7) (the same definitions are in ECMT 2005 p. 38) there are two accurately definition. “Congestion arises where one train delays another. In a planned system such as a railway the timetable is designed to prevent this from happening, but it remains the case that at high levels of utilization, the presence of an additional train on the tracks may lead to additional delays to other trains by reducing the ability of the system to recover from delays. Congestion charges should be distinguished from the costs of delays imposed by the infrastructure manager or by one train operator on another. Where these are charged for, they are part of a separate performance regime”

“Scarcity costs arise where the presence of a train prevents another train from operating, or requires it to take an inferior path”.

4. Some considerations on congestion

With reference to the concept of scarcity, we agree with most of the authors. Scarcity arises when the presence of a train prevents another train from operating, or requires it to take an inferior path. More controversial is the definition of congestion. The term congestion is often associated with the concept of delay, so that often we risk making a mess of these terms, confusing the “social costs of delays” with the “cost of congestion”.

In our opinion they are two concepts quite different. Not necessarily, in fact, a delay is consequence of a situation of congested network. For example the late arrival of a train, may be due to a failure in rolling stock or in the line, without interaction with other trains. This implies an additional cost for passengers arriving late and has to be taken into consideraton in the performance regime, but it is not consequence of the presence of too many trains on the network. So it has not to be considered in the cost of congestion.

Therefore a point that needs to be clarified, is that of what kind of delays we have to take into consideration while defining congestion. Congestion manifests itself in a certain point of time and space on the network. Exactly when the network is used by too many users. Therefore could be computed only those delays that manifest themselves in such specific points of the network. Afterward, when we use the word delay, we refer only to the delays due to congestion.

We consider appropriate to define who the active and passive parts of congestion are. Certainly are active parts infrastructure managers and train operators. We have also to consider passengers. For example, they can cause delays reopening the doors of a departing train for going on board. Or they realise of having forgotten their luggage on the train; so they need to go back onto the train, delaying the time of stopping. To this list we can add also exogenous causes to the system, such as suicides, snags on the track, and so on.

Are to be considered passive parts:

· Railway operators. Specifically, all railway operators involved, when the infrastructure manager causes the delay. In case that cause of the delay is one train operator, are passive subjects all train operators affected by this delay, except for the operator that is cause;

· Passengers or owners of the goods carried, in any case; 

· Infrastructure manager, when railways operators cause the delays. The infrastructure manager has to support an additional charge, not only due to the greater permanence of the trains on the line, but mainly to the need of reorganizing the movement on the line, because of the impossibility to follow the ordinary timetable.

The costs sustained by all these people and goods involved, as consequence of the presence of congestion, have to be take into account, for the definition set in the White Paper 1998, in the tariff computed in accordance with the social marginal cost pricing.

Moreover there is a component that often is not considered in the congestion costs explained by the literature, and this is the time interval that normally is added to the minimum technical time necessary for the movement, in our case of the train, from one point of the network to another.

When we look at the timetable that we find in the station, we can see the travel time of trips; this times are enlarged with respect to the technical times, because it is presumed, or better, it is learnt by experience, that the possibility that delays arise is high, so could be necessary to recover from these delays by means of extra period of time. These latter are called buffers.

As the traffic on the lines increases, increase also the need for buffers and their length, because of reactionary delays, so more difficult become the ability to recover from delays.

Moreover there are other elements that contribute to the extension of the travel time and that are absorbed in the timetable. In case of overcrowding of the network is possible that in planning the timetable we have to:

· reduce the speed of the train;

· impose extra stops for permitting the overpass of faster trains;

· lightly retard or anticipate the departure or the arrival and so on.

This in order to allow to the greatest number of trains the right to access to the infrastructure, optimising the use of the infrastructure.

As these modifications in the travel time wouldn’t be necessary if there is no congestion, we deem right to ascribe this waste of time to the cost of congestion.

5. Congestion cost

The most used definition of congestion is that of Nash, ECMT(2005), based on the congestion cost concept studied by Gibson (2002). This definition is used for the tariff structure actually applied in United Kingdom. They define the congestion cost in the follow way. Starting from historical data on delays, they model a function able to reproduce the delays. At this point they use this function for one timetable. The objective is to simulate the possible delays (expected delays). The cost linked to these expected delays is the congestion cost.

If we want to introduce the congestion cost into a tariff paid ex-ante, this procedure is right. However we deem that in this way the cost of congestion is not full computed, because it does not take into consideration the cost of the buffers, the reduction of train speeds, the imposition extra stops for permitting the overpass of faster trains, the lightly retard or advance of departures and arrivals and so on. In our opinion these elements have to be taken into consideration in the congestion cost.

In conclusion we define the costs that have to be taken into consideration in the congestion cost, according to our opinion,  :

· passenger value of time, this cost generally is calculated in €/h based on wages of the passengers. In this case it should know the exact number of passengers travelling on all trains involved in the delay. This problem may be overcome knowing the number of seats offered and applying a presumed load coefficient (Nombela, De Rus, Betancor 2002). More, as consequence of delays it is possible that passengers fail the connection with other trains or means of transport. We think this involve remarkable costs, but does not exist, as far as we know, studies concerning this field;

· additional costs for staff, calculated in €/h based on wages. These costs are sustained either by infrastructure mangers and train operators;

· additional energy costs, that depend by the line and the type of train;

· cost to recover from delays, reorganizing the traffic; this is sustained by the infrastructure manager;

· wear and tear of track and rolling stock.

So we can write the total cost of congestion has made up of:

TCC = ∆CPASS + ∆CTOCS + ∆CIM
Where: 

∆CPASS is the additional costs for passengers;  ∆CTOCS the additional costs for train operators involved in; ∆CIM the additional costs for the infrastructure manager. As mentioned above, these costs have to be calculated either with reference to explicit delays either with reference to delays computed in the timetable.

∆CPASS is made up of the value of time per minute, multiplied for the number of minutes of delay, and for the number of passengers involved.

∆CTOCS is made up of the additional staff costs and wear and tear cost for rolling stocks. To avoid double counting, the costs of energy are added only to the infrastructure manager.

∆CIM is made up of costs of energy, wear and tear of infrastructure and the cost for reorganizing the service to recover from the delays.

6. Conclusions

Dealing with the problems of congestion and scarcity in railways remain issues that have to be overcome in European infrastructure railways policy. 

One problem linked to the inclusion of congestion and scarcity in the tariff, is that of the high number of variables involved in. It is quite difficult to take into consideration all of them. The ECMT underline the need for a simple tariff structure. We think that the simplicity of the tariff structure not necessarily is conflicting with a proper value of congestion.

For this purpose more research is need in order to identify and introduce all factors mentioned in this paper into the charging systems. Congestion charge in the tariff is necessary because it provide signal to train operators about where and when the network is congested. In this way it should influence train operators in their requests for train paths. Inducing them to apply for point of the network and hours less congested.
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