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Abstract:

This paper aims to reveal approaches from the literature on transaction cost economics that could be applied to the recently redrafted EU rail structures. We will discuss the few existing applications of Williamson’s approach to railways, which focused mainly on the UK and on rolling stock aspects. We found no studies measuring transaction cost in railways directly. We also present our first lessons learnt in trying to apply the theory within a wider comparative analysis of Swedish, British and German railways. We find it important to analyse the entire process chain at the rail infrastructure/operation interface and to address all rail related assets including human capital. This becomes more interesting but also more difficult with the substantially increased heterogeneity and complexity of today’s EU railways.
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1. Introduction

Along with the change in European (EU) legislation (91/440/EEC and 2001/12-14/EU) the EU governments changed the design of their railways significantly. The aim of the European Commission (EC) was to liberalise the rail markets, to make the railways more competitive against the other modes of transport and to create a truly European rail market. Since then the separation of rail infrastructure and operations has been the EC’s favourite way of introducing competition. Although each EU member state has in practice established its own specific model of rail organisation,
 Nash (2006) argues that they can be clustered into three main models, the Swedish model (complete separation) the French model (separation of key powers) and the German model (holding company). Ireland and Northern Ireland host the last remaining vertically integrated railway networks in Europe. As the systems compete against each other one might find competitive advantages in each model of rail organisation in regard to facilitating competition at low cost. 

Empirical data shows on one hand that the growth and performance of many of the EU railways has recently improved and that competition in as well as for the rail market (franchise model) have increased. On the other hand costs in some EU railways, particularly in Britain, have gone up sharply in recent years. At present it is still not clear whether the benefits of vertical separation of rail infrastructure from operations outweigh its cost. The literature offers many contradictory cost studies. Bitzan (2003) as well as Ivaldi and McCullough (2004) revealed that vertical separation may increase cost, but admit that there are different rail system characteristics worldwide and restrict their findings therefore to the vertical integrated US freight railways. Pollitt and Smith (2002) found in contrast that the total cost of the UK rail system decreased after splitting up the infrastructure from operations. Friebel et al. (2003) showed that introducing separation of infrastructure from operations, independent regulation and competition sequentially to EU railways improves efficiency, whilst introducing them as a package is neutral in terms of efficiency. At present there is no consensus in the literature whether a specific level of vertical separation in EU railways has lead to higher cost. The cost drivers and the critical transactions behind them still have to get tracked down for the railways. Transaction cost arguments are however mushrooming and often anecdotally used when it comes to highlight the risks of splitting the infrastructure from train operations (e.g. Growitsch and Wetzel, 2006). Co-ordination problems (which result in high transaction cost) of separated railways are also often seen as key cost drivers in today’s railways (e.g. Pfund, 2003). Kessides (2004) summarized the widely perceived trade off between vertically integrated and separated organizations: potential losses of coordination and scope economies as well as possible increases in transaction costs have to be seen in relation to potential efficiency gains from competition and increased transparency. 
It is therefore questionable whether the EU’s favourite rail model and especially the separation of infrastructure from operations results in practice in higher transaction cost, and if other factors (e.g. number of competitors on one line) contribute also to the level of transaction cost. One could also be interested in asking what higher transaction cost mean for total cost and whether lower transaction cost of an integrated incumbent come at higher transaction cost for new entrants. At present neither the precise governance structures in each EU rail system nor their effects on the level of transaction and total cost are clearly identified. Therefore we review in the next section the transaction cost economics literature for applicable models to apply to the separation of rail infrastructure and operation. Another aim of this review is to show whether the anecdotal arguments are backed up by comprehensive studies that applied a transaction cost model to the railways and found significant evidence. In a last step we present as first results of our own comparative study, a few lessons for trying to find further evidence on alignment of governance structures to transaction attributes at the infrastructure operation interface of today’s EU railways.
2. Transaction cost economics and its applications to railways

2.1 The general theory and the dominating model

In the literature, transaction cost economics stands beside the property rights theory and the agency theory as the mainstream of the new institutional economics, which tries to extend the standard neoclassical model of the firm by challenging the assumption that no transaction cost exist (frictionless environment).
 The aim of the new institutional economics is the understanding of the emergence and dynamics of different forms of organisation. Converse to the neoclassical assumption of perfect competition a central hypothesis of the new institutional approach is that all forms of organisation can be seen as a result of a search of cost minimisation (in the sense of Hayek, 1945). Hence there are no ready-made conclusions for the welfare optimum of an institutional arrangement available (Furubotn and Richter, 2005).

The origins of the transaction cost economics can be seen in the 1930s when Commons (1934) concluded that the creation of an economic organisation is not only related to economies of scale or scope but quite often to the aim to harmonise relations between parties who are otherwise in actual or potential conflict to each other. He also introduced the term transaction to the literature when he defined it as a result of a collective action of at least two parties limited to their collective group rules (Commons, 1924). Even more important are the findings of Coase (1937) who proposed, that in order to minimise transaction cost, activities are either organised within a firm (hierarchically) or between autonomous firms (market). Williamson (1985) defined transaction in a rather physical sense as it “occurs when a good or service is transferred across a technologically separable interface. One stage of activity terminates and another begins.” Even though he used in the same publication the term transaction also in the sense of transferring property rights, he follows in his more recent work again more Commons (1932) argument by seeing the transaction itself as the ultimate unit of analysis (Williamson, 1998, 2002b). 

Although the title transaction cost economics suggests a central position of the term transaction cost, there is no standard definition of the term in the related literature. Eggertsson (1990) is defending this critique while arguing that the costs of production in the neoclassical model are not well defined either. Arrow (1969) defines transaction cost as “cost of running the economic system”. Barzel (1997) defined transaction cost more related to the property rights approach and in the same sense Furubotn and Richter (2005) formulated the most comprehensive definition while writing: “transaction costs include the costs of resources utilized for the creation, maintenance, use, change, and so on of institutions and organizations….When considered in relation to existing property and contract rights, transaction costs consist of the costs of defining and measuring resources or claims, plus the costs of utilizing and enforcing the rights specified. Applied to the transfer of existing property rights and the establishment or transfer of contract rights between individuals (or legal entities), transaction costs include the costs of information, negotiation, and enforcement.”. For explanatory reasons one could add to this definition that transaction cost also include opportunity cost, time and effort spent, welfare losses and so on (but neither production nor transportation cost). 

As a result of its blurred definition transaction cost can also be distinguished into many different types. In respect of the time of their occurrence they can be categorized into pre-contracting (ex ante), contracting and post-contracting types (Dahlman, 1979). Referring to Coase’s early findings one can also focus on the place and institutional environment where the costs occur. Besides market transaction cost, as cost of using the market and managerial transaction cost as cost, which occur through employing the right to give orders within a firm or bureaucracy one can additionally identify political transaction cost of establishing and changing the institutional framework (incl. regulation). Each of those three transaction cost types can also occur either as variable or as fixed transaction cost (Furubotn and Richter, 2005). Following this definition one could argue that setting up and maintaining a formal regulation would impose political transaction cost but would save market transaction cost because of right alignment of incentives and safeguards of contracts.
The central and most advanced model of the transaction cost economics was developed by Williamson (1975, 1985, 1991, 2002a). Following his model transactions are made in line with a governance structure which minimises both production and transaction cost. Therefore transaction costs are highly relevant to make-or-buy decisions and for the degree of vertical integration. Beyond a certain level, organisational growth becomes inefficient because the transfer of transactions from the market into the firm weakens incentives and every additional transaction creates a control problem so that information costs rise (Williamson, 1985). A fundamental assumption of his concept is that institutions interact in a highly complex environment in which humans might be willing to act rationally but are limited by their cognitive capabilities. Selten (1990) added that the so called bounded rationality can have also motivational causes. The second key assumption of Williamson is opportunistic behaviour (self-seeking interest with guile and deceit) of the parties involved that can be distinguished into ex ante and ex post opportunism.

As a result of bounded rationality, opportunistic behaviour and unpredictable changes of environmental factors,
 all contracts are seen as incomplete and the resulting processes of negotiation, information, control or adjustment are identified as sources of transaction cost. The main hypothesis of his “organizational failures framework” is that problems of small-numbers exchange relationships
, an unsatisfying trading atmosphere (no friendships etc.)
, high asset specificity, complex environments, frequent exchanges and uncertainty push firms to internalise stages of the production process (Williamson, 1975). Continuing this argument, his more recent work (Williamson, 1991, 2002b) focuses on three dimensions of transaction attributes, which are uncertainty (including complexity), frequency and asset specificity. 

In Williamson’s model both partners will evaluate uncertainty based on their past experience and decide on that evaluation the design of a governance structure. Uncertainty is further distinguished into controllable behavioural uncertainty and parametric uncertainty, which is uncontrollable and unpredictable (Anderson, 1985). Langlois (1992) revealed learning effects regarding probabilities of future events which make parametric uncertainty less important over time. Initial high transaction cost of new environments can hence decrease over time. The second dimension Williamson addresses is the frequency of which transactions occur. As some forms of coordination are costlier than others he argues that for one-time or occasional transactions market solutions are most appropriate whilst frequent transactions are more likely to be integrated. In contrast reliance on formal safeguards decreases when transactions become more frequent, because of the cumulating reputation both transaction actors achieve with each exchange (Williamson 2005b). 
Asset specificity is the most important and most tested dimension in the framework of Williamson (Riordan and Williamson, 1985). Ménard (1995) showed that the three dimensions correlate to each other and it is believed that frequency as well as uncertainty become much more critical in combination with asset specificity. Given the case that one contracting partner has undertaken specific investments in expectation of the future contract/deal with a downstream or upstream partner, he might be locked into that particular relationship. The non-redeployability of specific assets, is seen as the reason for shifting an ex-ante competitive environment towards an ex-post bilateral dependency (lock-in), the so called fundamental transformation (Williamson, 1985). The partner which did not make the investment in the specific asset may extract the quasi-rent (Klein et al., 1978). Also if the contract is due for renewal the problem that the stronger partner is trying to dispossess the quasi rent of the weaker partner is inherent (hold-up). According to Williamson (1975) the level of asset specificity determines the level of opportunity cost and quasi rents and thus the degree of bilateral dependency. Figure 1 illustrates how different governance structures can therefore result in various levels of governance (transaction) cost.
Figure 1 Here
As asset specificity reaches a certain level (ki), it becomes efficient to organise the transaction in a more hierarchical governance structure. In that sense the firm is not seen as a production function but as a governance structure. Williamson (1998) recognized also that asset specificity takes a variety of forms and can be distinguished into six types: physical assets, human assets, site specificity, dedicated assets, brand name capital and temporal specificity.
 Picot et al. (2005) pointed out the strategic relevance of a transaction as an important contributor to asset specificity.


According to Barzel (2005) who refers to a fourth dimension, the problem of measurement cost (which are a result of ex ante lack of knowledge regarding the quality of assets), the combination of forming long-term relations and contractual guarantees in exchange agreements could be superior to vertical integration, because it allows the measurement of the purchased commodity at consumption and enables to enforce rights. This is in line with the general assumption that there is more than the black and white picture of markets and hierarchies of Coase (1937) early work. Because of their strong incentives, spot markets are thereby initially seen as most efficient. Depending on transaction attributes hybrid modes of governance like franchises or long term contracts become more efficient (Williamson, 2002a). There is a wide heterogeneity of arrangements of hybrid organisations (Ménard, 2004), and regulation as well as administrative contracts enrich the organisation continuum (Goldberg, 1976). Powell (1990) even argued that the continuum between market and hierarchy “blinds us to the role played by reciprocity and collaboration as alternative governance mechanisms” and indicated a wide range of contractual arrangements (e.g. strategic alliances). Following Stinchcombe (1985) contracts also often contain strong elements of hierarchy and domination and Eccles (1985) observed that large firms often rely on market based tools like transfer pricing. Thus it can be argued that it is difficult both to define discrete boundaries of the firm precisely and to identify the underlying governance structures. Additionally one can find beside the main transaction cost economics stream many contributions from the wider new institutional economics like North’s (1997) research on the change of transaction cost through time.
 Some of them are overlapping with the two other streams of the new institutional economics, the property rights theory and the agency theory.
 
To sum up, the transaction cost economics understanding of the firm is a safeguarding governance structure which minimises the sum of production and transaction cost. In a Williamson world a transaction tends be integrated if it has to be frequently managed within a bad handling atmosphere with high uncertainty and if the regarded assets are highly specific as well as strategically important. The aim is not to measure transaction cost directly, but to reveal different ordinal levels of transaction cost through their attributes in order to indicate why (often quite similar) transactions are differently organised. The unit of analysis is the transaction.

2.2 Quantitative applications of transaction cost economics 

The conceptual framework of transaction cost economics has been tested and used widely and within a broad range of disciplines. As Williamson insists that empirical testing has been a goal of his transaction cost framework, it is not surprising to him that the number of cumulative empirical articles on transaction cost economics exceeded 600 through the year 2000 (Williamson, 2005a). Most of the empirical work focused thereby on one or two variants of asset specificity (Lyons, 1995). The most cited example for this is the investigation of vertical relationships between electric utilities and their coal suppliers in the US, revealing that relations-specific investments made it often desirable for both partners to enter into long-term contracts (Joskow, 1987, 1990). Building up on this Crocker and Masten (1996) showed that those deregulation efforts which force spot market exchange over long-term contracts or formal regulation may induce substantial inefficiencies. To provide an overview of the empirical studies, a number of literature surveys have emerged. By studying most of these surveys, including the ones of Shelanski and Klein (1995), Lyons (1996), Rindfleisch and Heide (1997), Vannoni (2002), Klein (2005) and Macher and Richman (2006) we found many applications to transportation (e.g. Pirrong, 1993) but rarely quantitative applications of the transaction cost theory to railways. 
One of these rare quantitative rail related studies (and even this one does not use many statistical tools) is the work of Palay (1984) who investigated 51 transactions between rail carriers and shippers by defining asset specificity as the independent variable and the governance structure as the dependent variable. He showed for this set a correlation between highly specific investments by the exchange partners and the use of long-term bilateral contracting devices. Affuso and Newberry (2002) analysed the contractual arrangements of British rail franchises over their investment performance and their empirical findings did not show that longer franchise contracts (15-20 years) would be beneficial. Conversely to the theory they revealed that in the presence of asset specificity combined with vertical separation and short franchise contracts, the competitive forces in the market provided strong incentives to the TOCs to invest. At this point it should be mentioned that this study only looked at rolling stock investment which was not part of any franchise agreement. Yvrande-Billon (2003) has in contradiction to Affuso and Newberry investigated that the duration of the franchise contracts (seven years on average) were misaligned firstly to the physical lifetimes of the rolling stock and secondly to the level of asset specificity and were therefore initially deteriorating the financial performance of the operators. 

What one could learn out of the quantitative empirical work on the transaction cost economics is that the findings are going very much in line with the theory’s predictions. Even empirical studies that tried to extend Williamson’s model confirm the importance of asset specificity and uncertainty for the choice between market and hierarchical governance (Ebers and Oerlemans, 2006). Most studies are related to investment decisions and nearly all faced measurement problems. Lyons (1996) summarised that some aspects like the duration of a contract in years are easy to measure, however many other ones are not continuously measurable, but are discrete choice variables (e.g. whether there is a franchise contract or not) for which logit or probit analysis should be used instead of ordinary least squares. Additionally he argued that the independent variables (e.g. specificity of an investment) are even more difficult to measure.
 This might be one of the reasons why most of the transport related transaction cost applications were done as case studies.

2.3 Qualitative applications of transaction cost economics 

The more qualitative transport related applications try to describe causes and effects of transaction cost (e.g. Fuhr, 2005). Williamson (1985) himself was the first to apply some of his ideas to the railways and argued that the US railroad industry differs significantly from the trucking industry because of the higher site specificity features. In his view the railways also illustrate the importance of hierarchies because he believes that the operation of such large rail systems was only possible upon solving huge administrative complexities. In the literature on rail organisation transaction cost arguments are very often used without going into a deeper analysis. Nash for example raised in 1994 the question whether the UK rail system would be ready to enter into a Williamson experiment with many new ad hoc interactions between many new institutions (OECD 1994) and Foster (1994) also pointed out that much of the future of the UK rail industry was depending on the created contracts of the reform he helped to design. Many others anecdotally describe transaction cost issues, in context to fragmentation and vertical separation of rail infrastructure from operations without significant evidence and without going much into any detail of the theory or its possible applications (e.g. Ehrmann, 2003; Pittman, 2005; Drew, 2005). Alexandersson and Hultén (2006) identify many interesting possible sources of transaction costs in respect of rail franchising in Britain (for example for setting contracts up and for bidding), also without delivering empirical evidence.

The first real case study on transaction cost economics in railways was done by Yvrande (2000), who revealed that the chosen UK governance structure (of 1994 rail reform) was misaligned with the asset specificity of the relevant rolling stock. Her findings were strengthened by her following quantitative work (Yvrande-Billon, 2003) and resulted in a comprehensive case study with investments in rolling stock as the key variable (Yvrande-Billon and Ménard, 2005). In that study it is concluded that the ROSCOS adapted to the imposed organisation mode and misaligned hybrid governance structure of the reform in 1994 by changing some of the attributes of their rolling stock (e.g. new design and construction targeting standardisation and thereby reducing asset specificity). It is shown that asset specificity not only influences the choice of organisational structures but is also reciprocally influenced by the organisation mode. The misaligned (in terms of asset specificity) organisational structure of the 1994 reform is therefore seen as incidental driver of technical innovation (e.g. trains with dual-voltage). 

Tyrrall (2003) looked at the British rail reform by using transaction cost arguments. He argued that through outsourcing the infrastructure maintenance and through replacing permanent employees with temporary staff, the industry lost central railway asset-specific skills (engineering expertise). Therefore he concluded that the contracts of the privatised structure proved to be inadequate to replace the internal organisational control of transaction costs. He argued additionally that a rather conflictual culture has emerged due to the way the industry was privatised. Tyrrall and Parker (2005) revealed that already under BR (in the 1990s) a rather antagonistic than cooperative approach was chosen by introducing management by contracts. 

Preston (2002) studied also the British case but used partially results of the Swedish reform as well to discuss the advantages and disadvantages of vertical separation of railway infrastructure from operations. With a focus on asset specificity he argued that most of the cost rises of Railtrack were due to underestimation of the governance costs that have resulted from the complex vertical separation. Relevant to this paper is his empirically unsupported notion that vertical separation leads not only in investment decisions but also in co-ordination of timetabling, capacity allocation or scheduling of maintenance to excessive transaction cost. He proposed as a result of his study a vertically re-integrated model with Network Rail as the infrastructure manager, split into around 15 zones. The operation of both, infrastructure and trains running on that infrastructure would then be long term franchised to rail companies in each zone. Because of transaction cost arguments he proposed as well a simplification of the regulatory structure and a reduction of subcontracting. As this happened already an update of Preston’s arguments, may conclude different things. His focus on both disadvantages of vertical separation and on the franchised passenger market might have also contributed to his results. A joint analysis of rail freight and passenger transport (with the potential of on track competition) could be more suitable to reveal a sustainable rail system in respect of transaction cost economics. Finally he concluded by himself that a more detailed analysis of transaction cost issues in British railways is needed, which our wider study is trying to deliver. 

The most comprehensive study on transaction cost in railways was a done by Brenck et al. (2004) who mainly focused on the German model and synergies between the infrastructure and operations but discussed also transaction cost issues. Due to empirical difficulties they described the key transactions on the infrastructure/operation interface however only at a theoretical level. For operations, capacity/slot allocation & timetabling they recommended for all types of rail transport a market organisation but for safety as well as for research & development they could not find a clear answer. They found the investment & finance interface area most critical especially when it came to high speed and regional passenger transport because they revealed from their theoretical analysis that there should be most asset specificity (for infrastructure manager as well as for train operators). In summary they were not be able to conclude a rail organisation best for all interface areas but showed that a separated railway could be efficient from a transaction cost economical point of view.  The main message of this study is that it may be efficient to have different governance structures for different rail tasks as well as for different types of train operation and infrastructure provision.

One source of rail related transaction cost could be seen in procedures to settle emerging disputes between the involved parties. Nash and Preston (1994) highlighted the importance of this area, by defining its development as a key indicator for the success of the entire 1994 rail reform. Bouf et al. (2005) picked that point up and studied differences in the dispute resolution between the infrastructure manager and train operations in the UK and France. They specified areas where disputes would be likely to occur. As potentially critical activities pre train circulation they identified access and timetable establishment, for the time during train circulation they pointed out delays and disruptions and for future rail undertakings they focused on changes in the network. By analysing the dispute resolution procedures in the two countries they revealed that the more hierarchical French systems facilitates competition better, because the UK systems relies strongly on industry wide committees where cartelisation may in practice thwart the introduction of competition. This study did not analyse all relevant dispute areas though. Beside the specified areas one could find it interesting to analyse disputes over changes of rolling stock and other assets like stations or depots, disputes over planning and enforcement of safety, disputes in respect of performance regimes or disputes over maintenance of all kind of rail assets.

In general, rail applications of transaction cost economics, like in most other sectors, focus on asset specificity. Most application concentrated furthermore on the British rail market. As a result one can find only marginal quantitative and qualitative evidence in the literature on current governance structures at the EU rail infrastructure/operation interfaces and their impact on transaction attributes. 

2.4 Measurement of transaction cost

Besides the literature around Williamson’s concept a second kind of transaction cost literature has emerged, which tries to estimate/model transaction cost directly. The units of analysis in this literature are the transaction as activity and the actual transaction cost. Some authors argue that it seems to be impossible to measure transaction cost precisely in the near future (Hobbs 1996, Döring 1998), but find it additionally not necessary to do so, because this is not a condition for most of the theoretical transaction cost analysis.
 The industrial organisation literature (e.g. Tirole 1988) for example is mainly interested in revealing the reasons for the emergence of alternative forms of organisations and high/low level of transaction cost are seen as one potential explanation. However a few studies were conducted with the aim to estimate the size of transaction cost more precisely.

The first attempt to measure specifically the level of transaction cost was made by Wallis and North (1986), who tried to estimate transaction cost of the U.S. economy and their change through time. Although admitting to be unable to observe the level of all transaction cost, they estimated a fundamental part of it (that summed up to 50% of GDP), the so called “transaction services” which are transaction cost embodied in marketed services. This approach has so far only once been applied to a single industry by quantifying the transaction cost of the US banking industry (Polski, 2001).

As Wang (2003) pointed out, there is also literature on something which was missing in the transaction sector view, the so called non-marketed transaction cost of individuals using the market (own transaction activities rather than transaction services). This literature attempts to measure transaction cost of individuals who want to purchase a good or service or want to set up a business (e.g. Benham and Benham, 2004). Furthermore one can find various attempts to measure parts of transaction cost. Dudkin and Välilä (2005) quantified transaction cost related to the procurement phase of Public-Private Partnerships to well over 10 % of the capital value of the relevant projects. Furubotn and Richter (2005) estimated for the U.S. the managerial transaction cost connected with production at 20-35% of the total cost. In respect of political transaction cost Estache and Martimort (1999) highlighted the cost imposed by government interventions (e.g. through influence of interest groups) and concluded that efficient regulatory institutions must be independent, autonomous and accountable. Another stream of the measurement literature discussed different ways of modelling transaction cost analogous to production functions (e.g. Dietrich, 2003). The literature provides in total many approaches to measure transaction cost in a more metric scale compared to the indirect indication of certain attributes of transactions within Williamson’s concept. With the transaction cost (instead of its attributes) as the unit of analysis there exists surprisingly no systematic application to the transport sector including railways.
 
2.5 Critique on transaction cost economics

Transaction cost economics and especially the model developed by Williamson found many opponents in the field of organisation and management studies, whereby the main source of critique is seen in his assumptions. Like all economic models of behaviour Williamson’s model presumes behaviour to be rational (Pfeffer, 1997). However, already Mayo (1945) has shown that human behaviour has also a social dimension. Granovetter (1985) argued that transaction cost economics is not taking into account those social ways of motivation and pointed out the embedded nature of behaviour. The humanistic psychology pointed out intrinsic motivation and that the main goal for the individual is self-actualisation (e.g. Maslow, 1977). More recent contributions
 and their applications
 refuse as well to follow the traditional concept of the homo economicus and support the argument that not all behaviour can be reduced to a rational formula. Finally Ghoshal and Moran (1996) summarise that the assumptions of transaction cost economics and the logic on which it is based are partially misleading, certainly “bad for practice” and therefore dangerous. As one result of seeing managers as untrustworthy as transaction cost economics does (Donaldson, 1995) one recommendation for policy and practices would be to put more emphasis on control-orientated hierarchies, which might be however costly and counterproductive at the same time (Pfeffer, 1997). If one keeps however those arguments in mind, Williamson’s model can be still seen as useful for analysing railway organisation. It is unquestionable that transaction costs occur in certain sets of organisation, the critique lies more in the question of how to govern the organisation in the light of the existence of those costs. To the other main critique on transaction cost economics, which stresses that Williamson’s model is unsupported by empirical evidence (e.g. Simon, 1991) we replied already by showing that the evidence found in many papers lines up with Williamson’s logic of organisation. 

2.6. Summary of what the literature tells us
In summary we were neither able to find a coherent definition for transaction nor for transaction cost. We found however in Williamson’s transaction cost economics a model that was widely tested in other industries and which would be sensible to use on the rail infrastructure/operation interface. This has been partially done on a theoretical level and some qualitative applications also used his framework, however mostly in respect of misalignments of governance structures to the attributes of rolling stock and mainly in regard to the UK system before it changed in 2005. Although some economy wide studies estimate transaction cost to up to 50% of GDP (Wallis and North, 1986), we found no literature on direct measurement of rail related transaction cost. As a result there is little more than the anecdotal arguments on the effects and levels of transaction cost in railways available and therefore this remains an interesting research area. At present it is not clear whether vertical integration in itself leads in total to higher transaction cost and in result to higher total cost too.
3. First lessons learnt in applying transaction cost economics to the rail infrastructure/operation interface
In this section of the paper we present our first six lessons we have learnt by trying to apply transaction cost economics to the rail infrastructure operation interface within a disaggregated comparative study of the British, German and Swedish rail systems. Our aim is to reveal how to close some of the presented gaps in the literature and to share our experiences and perceived pitfalls of the first stage of our project.
We first found it challenging to define the term transaction for the railways (1) and to distinguish between transaction and production cost. As the literature provides no coherent definition, we believe that the following definition would be sensible for transactions between rail infrastructure manager and train operators: Relation specific processes and transfers of rights at the rail infrastructure/operation interface which are specified through informal or formal agreements between the two parties.
From our point of view it is interesting to analyse not only investment processes but also other strategic, tactical and operational transaction areas (2). Timetabling might for example not require specific investments but is usually seen as very iterative, complex and therefore time consuming. Within our study we first identified and ordered potentially problematic processes at the rail infrastructure/operation interface as displayed in figure 2. 
Figure 2 Here
Out of these processes we have then specified the following seven crucial transaction areas, which extend the dispute areas revealed by Bouf et al. (2005): Market entry processes (bids for franchises, negotiation of open access), Procurement, built up, enhancement and renewal of assets (changes regarding tracks, stations, depots, rolling stock and human capital incl. set up of leasing contracts for stations/depots etc.), Set up of access and performance regimes (overall rules of the game), Slot allocation,  timetabling and train planning (regular & ad-hoc), day-to-day operation (regular and ad-hoc, incl. maintenance and customer information), Billing and application of performance regimes (all other contracts should be applied already in the earlier processes) and finally Safety planning and enforcement processes.
We find it furthermore important to note, that these rail procedures build up on each other (3), so that there are significant interdependencies between transactions. This has implications for the attributes of each transaction and for the overall complexity of the rail system. 
Additionally we argue that it is interesting to analyse all attributes of every single rail related asset (4). These include besides rolling stock and track, on which the literature focused so far, physical assets like depots, stations and terminals but also human and social capital.
 In that respect it is also important to analyse all six types of asset specificity (see table 1) to reveal what asset specificity actually means in the railways. For the EU railways we are beside asset specificity, uncertainty and frequency especially interested in the complexity of the relevant transactions.
Table 1 Here
The key challenge within our comparative study lies in capturing the heterogeneity of today’s railways (5), which we perceived in regard to the following seven areas (5a-f).
Although the members of the EU share common values and want to develop a European market, we found our relevant EU countries still very heterogeneous (5a). As Ksoll (2004) concluded integration has more advantages in countries such as Germany because of its co-ordination advantages and less in Sweden where traffic patterns are less complex. We believe that historical, political, cultural, institutional, geographical, economic and other aspects matter as well and that all these aspects have a different impact on each of our relevant rail systems. The Swedish case where an institutional separation of the infrastructure from train operation has been already done in 1988 is different to the German and British system in many aspects. Some of its key characteristics are the clear separation at the track-wheel-interface, its philosophy for changing the rail system including continued public ownership of the infrastructure and SJ as the dominant incumbent passenger rail operator. In Germany Deutsche Bahn AG (2006) argues (with confirmation of IBM and Kirchner, 2004), that their holding model in combination with the strong regulator facilitates extensive competition on their network. Therefore they claim that a further vertical split of their company would not change anything except losing economies of scope and increasing transaction cost.
 The British railway system is often characterised as a complex contractual system. Its rail passenger market is not dominated by a single incumbent but a few companies control the rail market via franchises they operate. Although the system is since 1994 vertical separated, the infrastructure manager Network Rail has taken maintenance back in house in 2004 and there is a general trend towards virtual integration observable since 2001. Besides a concentration process among the train operating companies (TOCs), attempts were made to align the franchises of the TOCs in a geographical sense more closely to Network Rail’s core routes. 
Especially for railways we consider the argument of Caves (1989) as very significant, that in a world where competition works identically in every country and where country specific laws, cultures, and other features have no consequences on the boundaries of firms in respect of transaction cost, the allocation between firms and markets would differ only marginally from country to country. 
Additionally we find the product rail service very heterogeneous (5b) as high speed, freight or rural passenger transport operations are different in their transaction attributes. Related to that we follow Brenck et al. (2004) and recognize also the heterogeneity of rail infrastructure where high speed lines are usually associated with higher asset specificity than simple freight lines. Additionally there may be a difference in that respect between passenger stations and freight terminals. Furthermore it becomes apparent that timetabled trains differ from charter operators in respect of the amount of coordination needed. 
As a result of the heterogeneity of the product rail service we revealed also heterogeneity of governance structures (5c) like contracts (franchise vs. open access, leasing) and safeguards (regulation, access conditions etc.). For the EU railways most formal governance structures and safeguards were exogenously drafted by political decision makers. Because some of them emerged as partially market driven (informally) in practice they are now often difficult to identify.

As new entrants entered all three rail markets and as the former incumbents are now differently organised in each market there is also a strong heterogeneity of market structures (5d) as table 2 reveals for the year 2007. Nowadays we see all kinds of settings. In the UK we see timetabled TOCs, freight train operators (FOCs) and open access operators as well as several charter operators and smaller railway undertakings that move for example track maintenance equipment using the infrastructure of Network Rail. However, most depots and stations are operated by TOCs (leased from Network Rail) so that some TOCs need agreements with other TOCs to access these quasi integrated assets. To complicate things one could include Northern Ireland Railways (462 km of track) and Island Line Ltd. (recently merged with Stagecoach South Western Trains franchise), both integrated, into the British picture. In Germany Veolia Verkehr GmbH operates vertically integrated trains on its own 324km tracks and in Sweden this is the case with Inlandsbanan AB (1049km track) an Arlanda Express (18km track). Although Deutsche Bahn AG is still overwhelmingly dominating all rail market segments in Germany, in April 2007 364 national companies (some with international parent companies) and eight international railways had a full licence to operate trains there. However, only a few operate them with significant market share. Most of them are just point-to-point-services, are very small (e.g. museums railways) and various operate as subcontractors for the incumbents. Many of the EU train operators are additionally owned by the same parent companies, for example 24 German train operators belong to Deutsche Bahn AG and six out of 20 British TOCs belong to National Express Group. Multinational parent companies (Arriva, Veolia and Railion) control moreover train operating companies in more than one country.
Table 2 Here
Additionally we can observe differences even within one market resulting partially from the heterogeneity of areas on a specific rail network (5e). Table 3 displays for example, that each route of Network Rail is used by a different number of TOCs. As their theoretical sum of 62 is higher than the actual existing 20 TOCs it becomes apparent that there are many overlapping operations, indicating different level of complexity in different parts of the network. Partially because of this heterogeneity we find it interesting to analyse beside vertical separation also effects of other factors (e.g. number of competitors and third parties involved) on the transaction attributes.
Table 3 Here
Regarding heterogeneity we finally want to draw attention to the heterogeneity of the internal organisation of the relevant firms (5f). There are two key issues here. Firstly, train operators are often owned by a parent company, but the governance structures and outsourced/centralised management functions differ from case to case. Secondly, most firms are differently organised in respect of hierarchies and types of organisation (functional, regional etc.). This is often determined by the size of the firms or their attitude to customer orientation. As a result we argue that a detailed bottom up approach and individual analysis of the relevant firms is needed to be able to understand both, the cost of interaction betweens firms as well as the cost of internal processes and assistance from parent companies that support the initial interaction.
The five described lessons so far were learnt by building up a methodology and by preparing the data collection. There is however one aspect resulting out of these findings that is also highly relevant for a later interpretation of our data. We want to bring forward the argument that high levels of transaction cost are not always a bad thing (6). High levels of transaction cost for the incumbent could mean lower transaction cost for the rest of the market. High transaction cost for the infrastructure manager could result in low transaction cost for train operators and regulators. High transaction for setting up a system could result in much lower transaction cost for running the system. High transaction cost could also decrease over time through learning effects and development of social capital. Moreover high transaction cost could result in lower total cost and/or in better decisions for the railways.
In conclusion we recognize that applying transaction cost economics to EU railways on a disaggregate level is very complex and requires us to extend the past applications to railways in many ways. We are however hopeful that we have revealed the key theoretical and practical pitfalls. With our further studies we aim to deliver qualitative as well as quantitative evidence on the effects of different EU rail organisation models on transaction attributes and thereby transaction cost.
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Tables

Table 1: Example of different dimensions of asset specificity in railways

	Type of asset specificity
	Description
	Examples at rail infrastructure/ operation interface

	Physical asset specificity
	Assets are developed or customized to a particular use
	Specific tracks for specific rolling stock

	site specificity
	Facilities are located so that inventory and transportation cost are minimized
	light maintenance depots; axle-gauge changeover points at borders

	human asset specificity
	Employees with firm specific knowledge or skills
	tacit knowledge in timetabling or train driving

	Dedicated assets
	Additions to existing assets that are made in expectation of selling services to a particular customer on long term basis
	Enhancements of stations or terminals which are done for a particular train operator

	brand capital specificity
	Investment into reputation of both exchange partners
	investment into advertising a brand (e.g. Eurostar)

	temporal specificity (takes time to substitute)
	Timing and coordination are the specific asset, difficult with alternative suppliers which come in on short notice
	the infrastructure manager may want to ensure punctual and safe services on his wider network


Source: the descriptions are based on Lamminmaki (2005)
Table 2: Market structure in April 2007 (rough estimation)
	Type/ Country
	UK
	Germany
	Sweden
	Total

	Infrastructure manager (% of total track km)
	1 (97%) 

+ 5
	1 (87%) 

+ 110
	1 (80%) 

+ 3
	121

	Franchised passenger train operator
 (% of total franchised pkm)
	20
	29 (99%) 

+ (x≤ 256)
	9
	58 (+x)

	“Open access” passenger train operator
	7 
	1 (99%) + 3
	3 
	14

	Freight train operator (% of total tkm)
	6+4
	27 (99%)
+ (x≤ 283)
	16
	53 (+x)

	
	
	
	
	246+(x≤ 313)


Source: EBA, VDV, Network Rail, Banverket (2006), several websites of train operators

“Open access” train operators include set ups like Eurostar as well as DB Fernverkehr and SJ in long distance passenger rail transport, as their contracts are not franchised. The number of infrastructure manager includes the smaller ones described above. In Germany 29 TOCs and 27 FOCs and 4 “open access” train operator with significant operations could be identified. The rest of the market is shared by the remaining 313 licenses. Northern Ireland (NIR) is included but light-rail systems are excluded.
Table 3: The routes of Network Rail and the number of TOC that operate on them

	Route in April 2007
	Number of TOC
	Route
	Number of TOC

	Scotland
	4
	Wessex
	7

	London North Eastern
	11
	Sussex
	9

	London North Western
	14
	Kent
	4

	Western
	7
	Anglia
	6

	
	
	theoretical sum
	62


Source: Network Rail and own calculations as Island Line recently merged with South West Trains

Illustrations

Figure 1: Impact of asset specificity and coordination to governance cost 

Source: Adapted from Williamson (1991, p. 284)

Figure 2: Key interactions between rail infrastructure manager and train operations
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� IBM (2006) gives an overview of the implementation progress in the EU countries. 


� See Furubotn (2001) or Picot et al. (2005) for updated insights. 


� According to Hayek (1945, p. 523)


� The strongest case is the bilateral monopoly situation, e.g. the lighthouse case of Arrow (1969, p. 59).


� Williamson (1975) noted that “technological separability does not imply attitudinal separability”.


� For an overview of the six types of asset specificity see Masten et al. (1991) or Lohtia et al. (1994).


� Other examples are Jensen and Meckling (1976), Grossman and Hart (1986) or Demsetz (1997)


� Williamson’s fundamental transformation is for example also discussed in the agency approach as the hold-up problem.


� Fuhr (2006) tried to overcome this problem by using a question survey in a 7 Likert scale format.


� As we found no empirical evidence for this in railways it is worth to mention that Fuhr (2006) showed empirically that the role of airports (hub-secondary-spoke) determines the level of asset specificity and thus the governance structure between the ground handler and the airline’s network.


� Some studies tried however to measure transaction cost indirectly through their attributes. Levy (1985) measured for instance the level of research and development expenditures as an indicator for asset specifity and Hobbs (1997) used a Tobit limited dependent variable analysis to reveal the importance of the key transactions costs in cattle marketing.


� There is however a recent study of Booz-Allen-Hamilton (2006) that estimated the total cost of splitting (incl. losses of synergies) DB Netz from the DB train operators at EUR 1.5bn for the years 2006 until 2009 (DB’s own estimates of these cost are at EUR 4.9bn-5.6bn).


� See for example Smith V.L. (2002) or Kirsch (2006).


� Kirsch’s theoretical contribution was for example applied by Merkert (2006), who revealed in which way both feelings of anxiety and fear contributed to the massive cost increase of the British rail system after a fatal train crash in the year 2001.


� We thereby understand social capital as investment in social structure (Burt, 1992).


� This argument can only stand as long as DB controls the major part of the operation side as well. If the DB train operating wings had less than 20% market share it would be interesting to reconsider their transaction cost argument. One could also ask how the different parts (DB Netz etc.) of the holding interact with each other internally, because this organisation might induce on one hand less market transaction cost but on the other hand higher managerial transaction cost. 
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