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Abstract 

This paper suggests some ways to improve competition in the European rail industry, where transportation services and infrastructure management have been separated. This study is drawn from a revised analysis of rail natural monopolies, in the light of the new economics of regulation. Results are presented in order to provide an enforceable normative basis for introducing competition. Concerning passenger rail services, the paper focuses on the optimal size of public service franchises and on the efficiency of on-track competition for profitable intercity services. Concerning infrastructure management, the paper indicates which activities should remain operated by a large monopoly and which ones could be open to competition. 

It is shown that taking into account recent theoretical investigations as well as observations would lead to reconsider some political decisions, in order to favour of an increased welfare.

Keywords: railways; competition; competitive tenders; on-track competition; natural monopoly; network externalities; infrastructure management.
JEL Classification: L12; L51; L92.
Résumé :

Cet article propose quelques orientations visant à améliorer la concurrence dans l’industrie ferroviaire européenne où les services de transport ont été séparés de la gestion des infrastructures. Ce travail s’appuie sur une analyse inspirée de la nouvelle économie de la réglementation de ce que sont les monopoles naturels dans les systèmes ferroviaires. Les résultats obtenus sont présentés de façon à fournir des fondements normatifs concrets à l’introduction de la concurrence. Concernant les services ferroviaires de voyageurs, le papier met l’accent sur la taille optimale des réseaux soumis à appel d’offre et sur l’efficience de la concurrence frontale sur les services longue distance rentables. Pour ce qui est de la gestion d’infrastructure, l’article indique quelles activités devraient continuer à être intégrées au sein d’un large monopole et lesquelles pourraient faire l’objet de mise en concurrence.

L’article montre que des résultats théoriques récents, couplés à ce que l’on peut observer sur le marché, conduisent à remettre en question certaines orientations politiques, afin d’améliorer davantage le bien-être collectif.
Mots-clés : chemins de fer ; concurrence ; concurrence pour le marché ; concurrence sur le marché ; monopole naturel ; externalités de réseau ; gestion d’infrastructure.
1. Introduction

Rail deregulation in the European Union was aimed to promote competition, no easy task as the rail industry had been organized monopolistically since the beginning of the 20th century. Theoretically-speaking, competition provides incentives towards greater efficiency, however these are hindered by the recurring market failures in the railway sector.
The unbundling of the European rail industry has given birth to, on the one side infrastructure managers who are responsible for the rail network, and on the other railway undertakings who provide transport services. But even if this has reduced barriers to entry and favoured competition, there remains a risk that increasing returns to density and network externalities affect competition effectiveness. 

The understanding of competition limitations is of primary importance in order to maximize the social welfare of the rail industry. It is highly necessary for public authorities to foresee the effects of their regulatory decisions in terms of firms’ market power, customer satisfaction and transactional costs. Paradoxically and contrary to popular belief, the competitive deal is more complicated than “competitive tendering for public services, on-track competition for profitable intercity services and no-competition for infrastructure management”. Such a belief would lead to inefficient markets with high informational rents, due to a lack of theoretical knowledge. 
An excellent theoretical survey of the economics of rail transport was done by Seabright (2003). Other contributions were provided by Nash and Preston, following British rail experiments of the past decade. However there is no recent paper in the literature that analyzes the trade-off between competition and returns to scale in rail industry, although Gasmi, Laffont & Sharkey (2002) proposed an interesting analysis applied to telecommunications. Moreover, very few have been done with regards to the analysis of competition for rail infrastructure management. 
The purpose of this paper is to provide a normative basis for introducing competition into each respective rail activity that has not been yet liberalized by the EU. Following the liberalization of freight services
, we demonstrate that the introduction of competition to public services, to profitable intercity services and to infrastructure maintenance can be socially beneficial. For each relevant market, the paper discusses the competitive deal before suggesting ways to optimize competition in light of the new economics of regulation. 

The paper is organized as follows. The next section discusses the optimal size of public service networks awarded through competitive tendering. In the third section we explain why competitive tendering should be preferred to on-track competition for profitable intercity services. Section 4 suggests some ways to introduce competition for infrastructure management, by questioning the natural monopoly of these activities. Finally we conclude that some political decisions should be reconsidered, highlighting the necessity of creating efficient competition regulators for the rail industry.
2. Public services: What is the optimal size of networks awarded through competitive tendering?

2.1. The competitive deal for rail public services

Simply-put, public services are not profitable and must be subsidized by competent authorities. For these markets, competitive tendering is considered the best way to promote competition. This kind of competition has already been introduced in Sweden, Great-Britain and in some German Länders. This has led to significant cost-cutting, even as traffic were increasing. A proposal for a Regulation on public service obligations will be definitely adopted in the coming months by the EU. This Regulation will break down national legal monopolies in countries where it still exists (as in France), but it will let competent authorities choose between direct award and competitive tendering
. 
The main question these authorities have to answer is the optimal size of the transportation network for a competitive bidding process: should there be spatial disintegration? What should be the optimal length of track and the optimal traffic of a network awarded through competitive tendering?

2.2. Gasmi, Laffont and Sharkey’s natural monopoly test

To answer this question, we analyze the existence of natural monopolies in rail public services, following the natural monopoly test proposed by Gasmi, Laffont & Sharkey, (2002). These authors introduced a new way to test whether a market is a natural monopoly or whether it should be open to competition. Given that the cost function is endogenous to the market structure, they consider that the analysis should not rely exclusively on the loss of increasing returns to scale if competition were allowed. They suggest that the natural monopoly test should also take into account the reduction of informational rents due to increased competition. 

In addition to these two key parameters, the increase of interconnection costs between several networks should also be taken into account if the former monopolistic market opens to competition. These interconnection costs are two fold: firstly, they are due to lower network externalities if the former monopolistic network is divided into independent sub-networks. Secondly, higher transaction costs are generated by the introduction of competition and the need of providing efficient regulation.

Considering rail public services, we assume that the increase of interconnection costs is relatively negligible if spatial disintegration is conducted
 efficiently. This framework presents the trade-off between economies of scale and informational rents when the optimal market structure should be defined. Therefore, the question of the optimal network size relies on both returns to scale and competition benefits estimations. Firstly, we will present some broad estimates of returns to scale. Then we turn to inefficiency and discuss whether spatial disintegration may reduce barriers to entry, favouring competition and rent reduction, while not inducing substantial diseconomies of scale.
2.3. Returns to scale in rail public services

Concerning the estimation of returns to scale for transportation networks, Caves, Christensen and Tretheway showed in the early 80’s how to distinguish economies of size from economies of density (Caves, Christensen & Tretheway, 1984 and Caves, Christensen, Tretheway et al., 1985). The main difficulty consists in getting adequate data for estimating returns to scale on a particular market (passenger regional trains) instead of analyzing national networks, aggregating freight transportation, high speed trains and public services. 
In this paper, we summarize the results obtained by using panel data econometrics on two sets of cost and production data
. The first data set covers rail public services in 20 French regional networks (Greater Paris and Corsica are excluded, given their particular cost structure). The second set contains more disaggregated data, corresponding to sub-networks of 1 to 6 lines. Variable returns to scale have been estimated for each set, by using a translog cost function and error components models.
On the one hand, at the regional level (average traffic = 348 106 passenger-kilometres; average length of line = 1070 km), we show that returns to scale are insignificantly increasing. This suggests that disintegration of these regional networks is costless, while it may favour competition. On the other hand, sub-networks are small enough (traffic = 55 106 passenger-kilometres; length of line = 152 km) to exhibit increasing returns to scale. This suggests that, if one were to consider only returns to scale, the optimal size of a passenger regional rail network would be between 150 and 1000 km.
2.4. Spatial disintegration and competition benefits in rail public services

Concerning the effect of spatial disintegration on competition benefits, we have to distinguish two cases, whether a historic operator still exists (as in most of the European countries) or not (as in Great-Britain). When the historic operator is dismantled, all competitors are on the same playing field and thus competition is fair. In this case, the optimal network size relies mainly on the level of network externalities and transaction costs, given that returns to scale for large networks are almost constant. This result is coherent with the current reduction of the number of British franchises from 25 to 8.
On the contrary, the existence of a historic operator raises the complex issue of dominant position, which increases barriers to entry in spite of a benevolent regulation. To increase competition fairness, the regulator can reduce the informational advantage of the incumbent, by dismantling the former network, so that new operators can compete for the award of smaller franchises. The underlying idea is that the award of a large and complex network is not easily contestable by a new operator to the historic incumbent
. On the contrary, new operators can easily compete for the award of relatively small and simple networks. This is the reason why spatial disintegration may be interesting from a competitive point of view. 
In previous works (Lévêque, 2004 and Lévêque, 2005), we have estimated that French unregulated monopoly gives rise to at least 10 % of overcosts in addition to its given (and inefficient) production technology. Moreover, since freight liberalization, new operators have apparently cut costs by 30 % compared with the historic incumbent. Therefore, it should not be irrelevant to guess that favouring the introduction and growth of competition could cut costs by a quarter. 
2.5. Conclusion

The results above show that benefits of competition widely compensate the insignificant diseconomies of scale due to spatial disintegration. This analysis offers a posterior normative basis to network spatial disintegration when competitive tenders are introduced, as in many German Länders where new entrants have won one half of the bids. It suggests how competent authorities should proceed, in countries or regions where the historic operator has not yet been dismantled (as in France), to prepare for future European Regulation. Depending on the precise typology of the network and on transaction costs, we estimate (Lévêque, 2007) that the average network length for French rail public service franchises would be around 200 to 300 kilometres, as in German Länders.
However, it should be noted that the results of our estimates are endogenous to the SNCF monopoly. Competition growth and the introduction of new entrants’ technologies will modify the estimated cost function, and therefore the returns to scale we have calculated. 
3. Profitable intercity services: Might on-track competition be efficient?

3.1. The competitive deal for profitable intercity services

Although European liberalization is introducing competition in freight and public services, profitable intercity services will surprisingly be the last segment of the rail transportation industry to be liberalized. The reader may question whether these services were indeed profitable. Very few routes are in fact turning a profit, most of which are being operated with high speed trains. Moreover, it should be noted that the profitability of a rail service for a railway undertaking is highly exogenous, depending on infrastructure fees and, correlatively, on the level of public funds transferred to the infrastructure manager. 
Given that intermodal competition has been insufficient to discipline rail monopolies, European countries have suggested different ways to introduce competition in profitable intercity services. Although Great Britain has implemented competitive tendering, Germany and other European countries that still have a historic operator prefer on-track competition. In this section, we examine whether competitive tendering might not be a more efficient way to promote competition for profitable intercity services, rather than on-track competition. We show that many severe limitations would erase the expected efficiency incentives of on-track competition. Therefore, we suggest that the political choice of favouring on-track competition may have been decided by Governments that were overtly influenced by their historic operator. 
3.2. Competitive tendering for profitable intercity services: theory and practice 

From a theoretical point of view, competitive tendering is an efficient way to induce competition when market failures prevent the regulator from introducing classic competition (Vickers, 1968; Riordan & Sappington, 1987; Laffont & Tirole, 1987 and 1988). As we underline it in the previous section, competent authorities can promote fair competition if franchises are adequately designed. Another interesting advantage of competitive tendering is the contracting process that can be used to prevent some market failures such as the loss of network externalities through suboptimal connections. 
Competitive tendering also has its theoretical limits. Contrary to Vickers’s initial premises, it requires strong regulation by public authority not only for the bidding process, but also for the whole duration of the contract. Contract designing requires particular attention to ensure fair competition between the incumbent and the other competitors, especially concerning investments transfers from the incumbent to the winner of the franchise. Franchise monitoring also requires the regulator’s intervention to ensure that the contract is executed fairly. Thus, the main disadvantage of competitive tendering would be the relatively high transaction costs it generates. 
In practice, British rail franchising has illustrated that intramodal competition for intercity services could be efficiently introduced through competitive tendering. The system is regulated by the Department for Transport (and formerly by the Strategic Rail Authority) who supports high transaction costs. Investment incentives have been given to the Train Operating Companies (TOCs) through the rolling stock leasing system provided by the Rolling Stock Companies (ROSCOs). Even if the particular problem of the ROSCOs oligopoly remains very problematic and a source of regular criticism (Shaoul, 2005), competitive tendering has led to effective surplus redistribution in the British railways.

Thus practice, as well as theory, support the idea that competitive tendering is an efficient way for introducing competition for profitable intercity services. We now turn to the theoretical examination of on-track competition.
3.3. On-track competition: theoretical advantages and limitations
As opposed to competitive tendering, the main advantage of on-track competition is its relatively low transaction costs due to lighter regulation. Another advantage of on-track competition (if it is fair and efficient) is to reduce concealed State aids to historic operators through generous franchises subsidies
. 
However, on-track competition is conditioned by several theoretical limitations that surely affect its efficiency. Before analyzing all these limitations, we would  firstly like to remind our reader what competition signifies: Competition is a way to attain Pareto optimality on a given market, that is to say, to maximise social welfare on this market. Thus, on-track competition cannot be reduced to the number of railway undertakings operating trains on the same track: these firms should really compete with each other on the same relevant market. 
From a theoretical point of view, there are many severe restrictions to on-track competition. First of all, economies of density are the main obstacle to on-track competition. Whatever the data set used to estimate them is, returns to density have always been shown to be significantly increasing (Cantos, 2001; Ida & Suda, 2004; Lévêque, 2007). That is to say that the relative increase of total costs of a railway undertaking is significantly inferior to the traffic increase, all else equal (for a given uncongested network of lines). Therefore the long term equilibrium is necessarily monopolistic. Seabright (2003) observes that “stable on-track competition may often not be viable: either it is infeasible, or it is feasible and the result is such fierce price competition that unless the competitors have precisely similar cost structures one of them may be forced to withdraw.”
In addition to economies of density, some other theoretical limitations contribute to distort competition in favour of the historic incumbent:

· Switching costs are incurred by passengers when moving from the incumbent to another operator. It has been demonstrated in many other industries (banking, telecommunications, electricity distribution) that this remains a strong constraint to competition. Seabright (2003) underlines that switching costs are all the greater if customers travel frequently. Given that frequent customers are also the most profitable ones, incumbent’s marketing loyalty programs maintain their loyalty. 
· Moreover, asymmetrical supply favours the incumbent, who benefits from network externalities. These externalities are two-fold. Firstly the incumbent supplies a very large set of interconnected services, benefiting from a hub-and-spoke effect, contrary to the new entrant, who competes only on point-to-point routes. Secondly, due to her historic heritage, the incumbent supplies higher frequencies on those profitable routes
, what is very attractive for business people (i.e. profitable travellers). 
Thus, ensuring effective competition requires very high entry investments (rolling stock, human training), what is all the more risked that a large part of these investments are sunk costs. Moreover, it should be noted that the incumbent is also advantaged regarding to the timing of the entry process. Liberalization of freight transportation has shown that a few years are necessary before a new operator can significantly compete with the incumbent. That is to say that the incumbent foresees the entry of its competitor sufficiently early to adopt a competitive behaviour, which may dissuade the new entrant to pursue its entry process. Therefore, the hit and run entry suggested by Baumol, Panzar & Willig (1982) for contestable markets seems much less operational for the rail industry than for airlines.

Lastly, some other limitations to on-track competition weaken competition efficiency, assuming that new entrants have significantly penetrated the market:

· Vertical differentiation is used by competitors to soften price competition. On a given route, services are differentiated through quality, which relies mainly on travel time and comfort on board. De Villemeur, Ivaldi & Pouyet (2003) have shown that, in real life, a duopoly with differentiated services cannot often be a long term equilibrium on profitable rail markets. 
· Cream skimming is another well-known limitation to effective competition on the whole network. A new private entrant would compete with the incumbent on the most profitable routes, where he expects positive returns without incurring too great a risk. But other routes that are less profitable to the historic operator will not attract competitors and will remain monopolized by the incumbent.

3.4. On-track competition in practice

In practice, the very low intensity of on-track competition in Germany supports our analysis that this kind of competition is not relevant for railways. Only two experiments of on-track competition have been pursued in Germany, although open access was voted in 1996. In the first case the historic operator DB “competes” with Connex on three interregional lines around Berlin. On these routes, Connex extends some of its public (subsidized) services. But the new entrant has differentiated its services by supplying slower trains that stop in many stations, which DB had abandoned. Thus Connex trains are more likely to satisfy a particular demand, than to compete with DB trains. Moreover, due to insufficient demand, Connex has shut down one of the three routes, between Cologne and Berlin. 

The other experiment of on-track competition, between Brussels and Cologne, opposes German high-speed trains (ICE) to the Franco-Belgian one, Thalys. However both services operate in cooperation rather than competition; both railway undertakings have agreed on sharing the track and on a regular timetable
. On this route, both services are differentiated through their own marketing strategy: open access to an ICE (for attracting German customers) versus compulsory reservation for Thalys (dedicated to French and Belgian customers). This aims to ensure customer-loyalty in their respective countries. Moreover, each operator has a very low notoriety in the other country, which is a direct consequence of the switching costs. 
All these observations prove that two firms operating trains on the same track does not necessarily lead to effective on-track competition.
3.5. Conclusion

Thus, practice as well as theory shows that on-track competition cannot efficiently discipline a rail monopoly. On the contrary, this kind of competition favours historic operators by maintaining their high market power. National companies have well understood this opportunity: 
· One of them ordered the above-mentioned reports of Seabright (2003) and de Villemeur et al. (2003), which are highly sceptical about the effectiveness of on-track competition. But in spite of these results, railway undertakings continue to claim that competition for profitable intercity services should be introduced on-track. 
· Moreover, the main historic undertakings are trying to form a high-speed train cartel across Europe through the project of alliance “Rail Team”. Although the official goal of this alliance consists in competing with airlines, railway undertakings forgive that for cross-European routes, railways and airlines are two different markets. 
Therefore, the risk is very high that “laisser-faire leads not to competition, but to unregulated monopoly” (Cowan & Vickers, 1994). This is the reason why, we believe that the political choice of favouring on-track competition may have been decided by Governments that were under the influence of their historic operator. Thus we feel European and national competition authorities should reconsider the introduction of on-track competition for profitable intercity services.

4. Infrastructure management: Is there a natural monopoly?

4.1. The competitive deal for infrastructure management

In this section, we discuss the introduction of competition for infrastructure management by challenging the myth of the natural monopoly of this industry. Surprisingly, competition for infrastructure management has never been a consideration for the EU, which is likely due to two convictions which are in fact irrelevant. First of all, as soon as “infrastructure” matters, every deciders believe that there is a large natural monopoly, although liberalization has shown that telecom infrastructures could be beneficially duplicated. The second reason for not promoting competition for rail infrastructure management relies on Railtrack’s unsuccessful story. Railtrack’s competitive tendering policy for infrastructure maintenance has given rise to high transaction costs. At the same time, a few fatal accidents reinforced the idea that safety was not compatible with competition, which is as much based on human, emotional considerations as objective, scientific ones. 
However, both the current growth of high speed networks and the scarcity of public funds have led to an increase of public private partnerships for new rail infrastructure investments. This new trend favours a re-examination of the supposed natural monopoly of the rail infrastructure industry. In order to define more precisely what a rail infrastructure natural monopoly could be, we apply Gasmi, Laffont and Sharkey’s analysis on the following activities of a rail infrastructure manager:

· slot allocation and operational trains path;
· infrastructure maintenance;

· infrastructure renewal;

· infrastructure development;

· infrastructure charging.

4.2. A large natural monopoly for slot allocation and operational trains path

Slot allocation and operational trains path are the core activities of an infrastructure manager; even  former Railtrack did not delegate these activities. Introducing competition on this market is of little interest for the following reasons:
· Economies of scale are high due to fixed costs generated by human training and investments
. 
· Transaction costs would be too great if competition is introduced. This is due to the necessity of perfect interoperability between the networks of different infrastructure managers. In particular, slots should be continuous on the whole train path. This requires strong coordination between the different units and therefore high transaction costs. On the contrary, if all units depend on the same infrastructure manager, transaction costs are minimized. 
· Network externalities are negligible concerning these activities. As long as the firm which is responsible for these activities executes her contract in all fairness, she does not generate any particular externalities for the other actors.
· Competition benefits are relatively small. On the one hand, fixed costs would be barely reduced by competition. On the other hand, labour costs are constrained by three-shift working and the scarcity of the required skilled labour.

Thus, slot allocation and operational trains path seem to be the foundation of the large natural monopoly of a given infrastructure manager. 

4.3. Competition for infrastructure maintenance

Introducing competition for infrastructure maintenance is a real challenge. On the one hand, one intuitively assumes that introducing competition would improve the efficiency significantly. On the other hand, experiments of infrastructure maintenance delegation
 have not been successful, due to high transaction costs. So what would be best: should maintenance and its tens of thousands of workers remain in a national, under-regulated
 monopoly? Or should there be competitive tendering for sub-networks maintenance?
· Concerning economies of scale, an OLS regression on a sample of maintenance costs for 596 track sections of RFF’s network leads to estimate weak, but significant, economies of scale (1.056; see in appendices). This can be explained by the fact that the continuity of surveillance and maintenance works on a long track avoids logistical costs due to the move from a short line to another one. Therefore, the national network can be almost subdivided costlessly into smaller maintenance units if it does not overly reduce the length of continuous track.  
· Network externalities are negligible: As long as the firm who takes the responsibility for maintaining a sub-network executes her contract fairly, she does not generate any particular effect for any other actor. 
· Competition benefits should be very important due to the high level of funds involved in this activity. In France, infrastructure maintenance costs 1.7 bn € each year. Thus, even if competition gives rise to only 6% of productivity increase, this corresponds to a gain of 100M€/year
. 
· Transaction costs are high, due to the difficulty for the contractor to design and monitor efficiently maintenance contracts. However, transaction costs to provide quality incentives can be reduced if maintenance is delegated to the main railway undertaking using the track. In this case, quality incentives are rendered endogenous: the operator has no interest in infrastructure damages. 
Therefore, given the high benefits that can be expected from competition, we believe that, in spite of relatively high transaction costs, introducing competition can improve social welfare. 
4.4. Competition for infrastructure renewal

Competition for infrastructure renewal has already been introduced: a major part of renewal investments corresponds to public works that are awarded to firms after competitive tenders
. Thus, the question of increasing competition leads to the introduction of competition for renewal investments management. The assessment of the impact of such a decision is similar to the previous analysis concerning competition for infrastructure maintenance. In the case of renewal investment management, economics is less favourable to the introduction of competition:
· Firstly, as we have noted, competition plays only a minor part of renewal investment. Thus the expected gains from introducing competition for infrastructure renewal management are lower than in the case of maintenance.

· Secondly, transaction costs are expected to be higher than those related to the introduction of competition for maintenance. This is due to increased difficulties to provide long term quality incentives for renewal investment management, compared to short-medium term quality incentives for maintenance.

Even if economies of scale and network externalities were supposed to be null, the welfare gains due to competition for renewal investment management do not seem sufficiently high to compensate for transaction costs. Therefore, we believe that renewal investment should be managed by the infrastructure manager himself.
4.5. Competition for new infrastructures

We now discuss how competition for new infrastructure investments could improve general welfare. From a positive point of view, one observes a trend across Europe in favour of new infrastructure managers, building and operating new high speed lines or airport shuttle lines. Public Private Partnerships and franchises are expected to reduce investment costs, but they may also give rise to high transaction costs. These costs would be due to high network externalities between the historic infrastructure manager and the new partner or franchisee. Therefore, competition for new infrastructure may be only interesting for infrastructure that have few connections with the historic network.
· Concerning economies of scale for the contracting ownership of a given new infrastructure, there is no limitation to competition, given that such a responsibility is indivisible. 
· Competition benefits should be all the greater that the historic infrastructure manager is barely regulated. This is the case in France where the maintenance of the new infrastructure have to be delegated to the historic operator SNCF.

· Network externalities should be very significant, due to several facts: 
· On the one hand, the new infrastructure is diverting some trains that previously were using the historic infrastructure. Depending on the infrastructure fees they were paying, the new infrastructure involves profit reduction for the historic infrastructure manager. 
· On the other hand, trains using the new infrastructure are also using the historic one. If infrastructure fees are higher than long run marginal costs, additional trains due to the new infrastructure will generate cash-flows on the historic network. Given the scarcity of public funds, the Government would like these cash-flows to fund the new infrastructure, by internalizing the positive externality. 
· Last, both infrastructure managers have to agree upon their respective infrastructure fees, instead of competing with each other for a greater share of the total willingness-to-pay for infrastructure fee. 
· Transaction costs would therefore also be high, in order to internalize network externalities between the two infrastructure managers.

Thus, competition for new infrastructure seems interesting, if network externalities between both infrastructure managers are minimized. This suggests that PPP or franchises should be relatively isolated from the historic network. Either they should be located at the extremity of the current lines (as the Channel Tunnel or the Franco-Spanish line from Perpignan to Figueras) or they should be connected to the historic network near the terminal station, to minimize the use of the historic infrastructure (as the Channel Tunnel Rail Link in Great-Britain or the High Speed Line Zuid in Netherland). 
Contrary to this recommendation which can seem fairly intuitive, the French government decided to grant the high speed line between Tours and Bordeaux, extending the current high speed line between Paris and Tours (see map in appendices). Instead of reducing network externalities between the two networks, this political decision will generate high network externalities: every trains from Paris to Bordeaux, Toulouse or Basque country (60 trains per day) are going to use successively 250 km of RFF track, then 300 km of the franchisee track, before coming back on RFF’s network. 
4.6. A large natural monopoly to internalize network externalities through infrastructure charging
Finally, we consider the most strategic activity of an infrastructure manager: infrastructure charging. As it has been shown by Nash, Matthews & Thompson (2005), there are essentially three different philosophies behind the setting of rail infrastructure charges. Depending on political choices, infrastructure charging may be based on social marginal cost pricing, marginal cost pricing with markups or full cost recovery after receipt of grants. 
Since the appearance of independent rail infrastructure managers, there is an growing trend to consider infrastructure manager as a commercial organization needing to recover its costs. This leads infrastructure managers to maximize the value of their infrastructure network, by capturing the willingness-to-pay of each type of trains through a differentiated infrastructure charging. For example, European freight trains have a low willingness-to-pay due to trunk competition; in urban areas, road congestion favours a higher willingness-to-pay of the passengers than in rural areas; last, high speed trains are used by businessmen and other people whose willingness-to-pay is very high. 
Therefore, the infrastructure manager is able to extract from different rail users the surplus provided by the infrastructure network. Such a charging scheme leads to an optimal trade-off between the use of infrastructure and its cost recovery through cross-subsidies between different types of trains and between different lines. The internalization of these network effects through an efficient infrastructure charging scheme is one of the main argument in favour of a large natural monopoly for infrastructure management. 
On the contrary, spatial disintegration of infrastructure management would lead to reduced opportunities to fit prices to the willingness-to-pay and therefore to a social loss. It would lead to high transaction costs due to the need of strong regulation between the several infrastructure managers, whereas competition benefits and economies of scale should be negligible.
This summary analysis of infrastructure management activities shows that slot allocation, operational trains path and infrastructure charging are the core of a large natural monopoly. The management of infrastructure maintenance and renewal is too tactic and too difficult to monitor for being open to competition. However, there remains some other possibilities to introduce competition for infrastructure maintenance and for new infrastructure, but this requires particular attention due to high transaction costs.
5. Conclusion

This study shows that there are many ways to improve competition within the European rail industry. Theoretical results have been compared to observations in order to provide an enforceable normative basis for the introduction of competition. More precisely, the following conclusions can be drawn from the analysis presented in this paper:

· When a historic railway undertaking still exists, the size of rail public service franchises awarded through competitive tenders shall be minimized, taking into account returns to scale. 
· Competition for profitable intercity services shall be introduced through competitive tendering, rather than through on-track competition that would not be effective.

· Although some activities of infrastructure management shall be operated within a monopolistic infrastructure manager, some others can be delegated and open to competition.

However, current political decisions are decided by Governments that are under the influence of their historic operator. Therefore, there is a strong need for competitive regulators in order to favour a more rationale enforcement of competition within the rail industry.

As the previous analysis has underlined it, introducing competition for infrastructure maintenance would lead to a great welfare improvement, but we have shown that there was difficulties to provide medium term quality incentives. This is why there is a need for further studies concerning the design of efficient incentive contracts for infrastructure maintenance.
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Appendices

Econometric analysis of returns to scale in rail public services

A translog cost function is used for the first estimates:

lnC = 0 + PK lnPK + LL ln LL +PK (lnPK)2 + LL (lnLL)2 +  lnPK lnLL 
(1)

where C corresponds to the total cost,

PK corresponds to the traffic (passenger.km),

LL is the length of line.

1. Regional data
The first set of regional data can be described as follows:
	Variable - 120 observations
	Mean
	St. Deviation
	Minimum
	Maximum

	Costs (k€ 2004)
	78608
	46091
	21232
	260946

	Passengers.km (millions)
	348
	246
	61
	1245

	Length of lines (km)
	1070
	326
	598
	2033


The Akaike Information Criteria and the Lagrange Multiplier test lead to estimate to following, reduced, cost function:

lnC = 0 +PK (lnPK)2 + LL (lnLL)2 
(2)

Due to the time invariant nature of the variable Length of Line, the estimation is drawn in two stages, following Hausman & Taylor (1981):
· firstly, PK estimate is based on the within estimator,

· secondly, 0 and LL are obtained, using the between estimator:

lnCi,. -
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The results are the following:
	Observations: 120

	Endogenous variable: ln C

	Parameter
	Coefficient
	t-test

	0
	13,51
	22,22

	VK 
	0,01525
	9,110

	LL 
	0,04317
	3,429


Returns to scale are equal to 
[image: image2.wmf](

)

LL

PK

ln

04317

,

0

ln

01525

,

0

2

1

+


They vary from 1.143 (in the smallest region) to 0.960 (in the largest region). 

2. Sub-networks data

The second set of sub-networks data can be described as follows:

	Variable
	Mean
	St. Deviation
	Minimum
	Maximum

	Costs (k€ 2004)
	13,3
	14,5
	0,6
	86,8

	Passengers.km (millions)
	55
	73
	1,4
	393

	Length of lines (km)
	152
	113
	8
	648


The Akaike Information Criteria and the Lagrange Multiplier test lead to estimate to following, reduced, cost function:

lnC = 0 + VK lnVK + LL ln LL +VK (lnVK)2 + LL (lnLL)2 
(3)

Due to the time invariant nature of the variable Length of Line, the estimates are obtained, using the Generalized Least Square estimator, following Hausman & Taylor (1981):

The results are the following:

	Observations: 169

	Endogenous Variable: ln C

	Parameter
	Coefficient
	t-test

	0
	18,27
	7,086

	VK 
	-1,074
	-3,465

	LL 
	1,092
	3,902

	VK 
	0,04312
	4,790

	LL 
	-0,07802
	-2,646

	R2
	0,941
	 


Returns to scale are equal to 
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They vary from 1.77 (on the sub-network with the less traffic) to 1.02 (in the sub-network with the highest traffic). 

Econometric analysis of returns to scale in infrastructure maintenance

The costs of infrastructure maintenance in 2005 have been regressed by ordinary least squares. A set of 596 track sections has been used; each track section is located on main tracks with passenger traffic, excepted high-speed lines. Endogenous variables are:

· LV: the length of track

· UIC: a variable reflecting the UIC-group of the track, that is the level of traffic

It has been shown in previous estimations that there is no significant cost variations across the regions. The following log-linear cost function is estimated: 
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+-----------------------------------------------------------------------+

| Ordinary    least squares regression    Weighting variable = none     |

| Dep. var. = LNC      Mean=   13.86254540    , S.D.=   1.498596955     |

| Model size: Observations =     596, Parameters =   3, Deg.Fr.=    593 |

| Residuals:  Sum of squares= 392.3126552    , Std.Dev.=         .81337 |

| Fit:        R-squared=  .706407, Adjusted R-squared =          .70542 |

| Model test: F[  2,    593] =  713.40,    Prob value =          .00000 |

| Diagnostic: Log-L =   -721.0693, Restricted(b=0) Log-L =   -1086.2864 |

|             LogAmemiyaPrCrt.=    -.408, Akaike Info. Crt.=      2.430 |

| Autocorrel: Durbin-Watson Statistic =   1.91572,   Rho =       .04214 |

+-----------------------------------------------------------------------+

+---------+--------------+----------------+--------+---------+----------+

|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X|

+---------+--------------+----------------+--------+---------+----------+

 0     
11.93615029      .18353704       65.034   .0000

 LV      
.9473469046      .27326947E-01   34.667   .0000  3.6187933

 UIC       -.8877440619      .82542573E-01  -10.755   .0000  1.6917686

Returns to scale are equal to 
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. Given the standard error corresponding to LV, returns to scale are significantly superior to one, that is that they are significantly increasing.
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Map of the franchised high speed line from Tours to Bordeaux
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Maintenance cost function of the length of track and the UIC group





(596 obs. main track without high-speed lines for passenger trains; log-linear cost function)
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* The views expressed in this paper are the author’s sole responsibility and do not reflect those of RFF. 


Contact: � HYPERLINK "mailto:jleveque.research@gmail.com" ��jleveque.research@gmail.com�


� Competition for freight services has been introduced through competitive tenders conducted by carriers. This has led to the development of new operators challenging the incumbent with more efficient production technology. The historic operators have then improved their efficiency and reduced cross-subsidies from passenger services to freight services. Even if the first experimental observations are positive in terms of cost reduction, barriers to entry remain high and the historic operators still have a very strong market power. But slowly, European competition policy reduces the protection of historic operators: state aids and anti-competitive agreements are increasingly monitored. 


� However, note that operators benefiting from direct award from an authority cannot participate to tenders organized by other authorities.


� New British rail franchises and current German franchises for rail public services support this assumption.


� See in appendices the main econometric results; the full econometric analysis is given in Lévêque (2007).


� This has become a well-known example of legal competition distortion used by reluctant authorities that have to liberalize their network industries. 


� As in other European countries, French transportation competitive tenders are suspected to subsidy historic incumbents such as Air France for national air routes or the Société Nationale maritime Corse Méditerranée (SNCM) for the award of the maritime franchise between Marseille and Corsica.


� For example, on Paris-Lyon (the most profitable route of the French rail network – 450 km in 2 hours), SNCF supplies 24 two-ways between 6 a.m. and 9 p.m., as if it were a suburban relation.


� On a given working day, high speed trains are leaving Brussels in the morning at 6:25 (DB), 8:28, 10:28, 12:28 (Thalys) and in the afternoon at 1:28 (DB), 2:28 (Thalys), 4:28 (DB), 5:28, 7:28, 8:28 (Thalys).


� As an example, RFF and other European infrastructure managers are involved in the improvement of their operational trains path system, with the building of new centralized command systems. Such an investment of 4bn € induces high economies of scale (through the duplication of the first unit) when it is managed by a sole infrastructure manager.


� This has been formerly the case in Great-Britain where Railtrack awarded sub-networks maintenance through competitive tendering. This is still the case in France where RFF is forced by law to delegate infrastructure maintenance to the historic operator SNCF.


� Network Rail may be the most regulated of European infrastructure managers. However, informational asymmetry is so high in the post-Hatfield period that the Office of Rail Regulation seems to have difficulties to assess and monitor Network Rail costs.


� An independent audit conducted by Pr. Rivier from the EPFL has shown that maintenance productivity could be improved by questioning the operational organization of the historic operator.


� In France, more than 60% of infrastructure renewal costs are paid to delegated firms, chosen after bidding processes.
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