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PART 1 – MAIN REPORT

1. Executive Summary
A primary objective of the UNITE project is the development of methodology for and production of marginal cost estimates. This information is crucial for the development of pricing policy, since understanding the way in which costs vary forms the starting-point for developing appropriate charging levels and structures.

 Conducting case studies for different transport modes enabled development of a range of marginal costs relevant in different contexts. Secondly, but not less important is the way that building upon the state-of-the-art will contribute to derive marginal costs at an appropriate level of aggregation. 

This deliverable is dedicated to the supplier operating costs case studies. The first part of the deliverable - the main report - contains the most important findings of each of the case studies allowing the general audience, not interested in the detail, to access the papers directly in an easy way. The second part - the supporting material - gathers additional detailed information on the case studies. This information is relevant to an in-depth comprehension on the approaches taken as well to the implications of the results presented in each of the studies.

The case studies will be presented in a journal-style paper format. Particular emphasis will be given to presentation that provides transparency in respect to the methodology implemented and to the key determinants of the estimates obtained. The ultimate goal of the case studies is to develop empirical estimates of cost structures for the transport modes considered, while making methodological advances to the existing state-of-the-art.

For the purpose of this deliverable it is convenient to define from the outset what is considered as operating costs’ for the provision of transport services: all monetary costs paid by the operator for the provision of a transport service, excluding infrastructure costs, which are the subject of another report (D10).
The case studies selected for the marginal supplier operating costs analyses are:

· Lisbon urban public transport – Fertagus, a train transport operator in the Lisbon area runs the service across the Tagus to and from Lisbon. The company is in the third year of operations and has the licence for providing the service for 30 years. 

· Swedish rail – It was chosen as case study the flexible-formation intercity train services that remain on many railway lines in Sweden. It should be stressed that on the dense routes the fixed-formation fast train, X-2000 is nowadays the main alternative. More precisely, the analysis was focused in the long-distance route between Stockholm and Sundsvall.

· European air transport – Based upon disaggregated airline operating cost data from financial information reported by ICAO and IATA, a sample of European airlines of various sizes was analysed and marginal costs estimated. In order to evaluate the quality of results, an additional control group of North American airlines was also included.

The marginal cost estimations were carried out, across the above mentioned case studies, through the application of distinct methodological approaches. Different situations of data quality and availability were determinant in the chosen approaches.

In short, the methodologies applied and the results achieved are described below:

· Lisbon urban public transport: Detailed cost data and indicators on transport service outputs were provided by the transport operator. The cost analysis was carried on using an adapted form of Allport's costing model (Allport, 1980). The results of that work allowed for the calculation of the following marginal costs: per train km; peak €17.640, off peak € 1.864, per passenger.km; peak € 0.0216, off peak € 0.0086.
· Swedish rail: The case study results are divided in two main parts. Firstly, a model was developed with the purpose of calculating the average level of marginal cost per passenger km, which was of € 0.036. Cost data from the manual for railway investment cost benefit analysis issued by the Swedish Railtrack and specific transport characteristics of the Stockholm/Sundsvall long-distance route were the main inputs for the estimations carried on. On this route, it was concluded that additional traffic could be carried simply by lengthening trains.  Secondly, an examination of peak-load pricing in time and space by time period. Therefore, MC per passenger km, in that particular line, in peak and off-peak periods were estimated: € 0.072 in peak and € 0.022 in off-peak. 
· European air transport: Two main methodologies have been applied in order to estimate marginal costs. The first one is based on a disaggregated costs approach that distinguishes four UNITE categories of costs (vehicle, service, infrastructure and administrative/commercial). The marginal costs were then estimated for each airline and for each regional sample, taking increments year by year since 1990 to 1998 and producing an average result for the whole period. As the ICAO data source does not exactly correspond with UNITE classification of costs, the first step within this methodology will be to establish such a correspondence. Marginal costs estimates resulting from the application of this methodology lead to the following values: for the European sample - € 14 815 per hour, for MC in terms of hours flown and € 753 per thousand ton-km, for MC in terms of available ton-km; for the North American sample - € 7 087 per hour, for MC in terms of hours flown and € 383 per thousand ton-km, for MC in terms of available ton-km. The second methodology selected applies econometrics techniques that allow estimating a system of equations that include a translog cost function and a series of productive factors share equations. Marginal costs estimates resulting from the application of this second methodology lead to the following values: for the European sample - € 12 255 per hour, for MC in terms of hours flown and € 644 per thousand ton-km, for MC in terms of available ton-km; for the North American sample - € 5 596 per hour, for MC in terms of hours flown and € 399 per thousand ton-km, for MC in terms of available ton-km.
An important aspect of this case study is that it enables estimation of economies of scale and direct comparison of econometric and cost allocation approaches.  As with much other evidence, it finds returns to scale of around 1 with respect to service levels produced, and the difference between the econometric and cost allocation approaches is not great.  This is important as it is difficult to get suitable data to apply the econometric approach whenever marginal operating costs are required.  Even if data is available to break output down by type of service and time of day, usually these outputs are so correlated that a detailed breakdown of marginal costs is not possible.  The cost allocation approach is much more readily applied.

2. Introduction

2.1 Study context and purpose of this deliverable

The UNITE project is designed to support policy-makers in the setting of charges for transport infrastructure use by providing appropriate methodologies and empirical evidence. In order to achieve this aim UNITE has identified three core aspects which have to be elaborated, namely the transport accounts, the marginal cost estimation and the integration of both. 

Because good transport policy making requires detailed, link-based marginal cost information that can be used for the computation of optimal transport pricing in regulated transport firms, it is understandable that the empirical work on marginal cost estimations is a crucial part of UNITE.

In the first phase of UNITE a set of classification criteria has been selected to be used in determining the range of cost and benefit categories of relevance to the marginal costs, and in determining the characteristics of any individual category. Therefore, a set of six cost categories were devised, constituting the basis for the work developed both in the transport accounts and in the marginal cost case studies. The six cost categories are infrastructure, supplier operating, user, accident, environmental and taxes, charges and subsidies.

This deliverable reports the 3 supplier operating costs case studies, which are:

· Case study 6a - Lisbon urban public transport 

· Case study 6b - Swedish rail

· Case study 6c - European air transport

The following chart depicts the interrelationships between marginal cost components of UNITE. The work developed in the context of this deliverable is highlighted in the chart.
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Source: Adapted from Bossche et al., (2000), Marginal cost methodology , UNITE.

Regarding the objectives of this report, it seeks to provide, through the empirical work developed within the case studies:

·  A comprehensive and transparent demonstration of the practical application of the state of the art methodologies for the estimation of supplier operating marginal costs;

· A set of marginal cost results, which were estimated for different transport operation scenarios and stemming from heterogeneous data quality and disaggregation levels. 

· Clear guidance on what extent methodologies, cost functions, marginal cost estimates or other results could be transferred to other contexts. 

The output of this workpackage will feed the final stage of UNITE on generalisation of marginal costs. The development of the overall framework for maximising the transferability of MC estimates and their respective adaptation will be core elements to be treated. Among important issues to be covered are adaptations of results from one geographical area to another, between different time periods, and from current situations to other contexts. 

2.2 The structure of this report

This report integrates two main parts: The first part consists of a summary of the work done in the case studies providing also a view on where it fits in UNITE. The annex, presents the three case studies, and provides all the detailed information on methodologies applied and results achieved. 

The report starts with an overview of the study context and purpose of this deliverable. Objectives to be accomplished and in what extent the findings will contribute for the work to be developed in the final stage of the project are points necessarily included. 

Next, technical details on how marginal supplier operating cost analysis is approached will introduce the reader to the elements of the work produced within the case studies. Building on previous work developed within UNITE, chapter three elucidates what is considered supplier operating costs in the project as well as the state of the art methodologies applied to this cost category.

Further chapter four synthesises the scope of the case studies, the methodologies applied and the MC estimations produced. Particular emphasis is placed on the demonstration of the practical feasibility of the methods by highlighting the core steps followed.  

This is followed by the discussion of generalisation of results. Identification of constraints regarding the direct transferability of certain results, like economic unit values will be treated.

The report ends up with an annex presenting the complete case studies, in journal-style paper format. 

3. Issues on marginal supplier operating cost analysis

In this chapter we shed light on the concept of supplier operating costs in the context of UNITE. Firstly, we will define the spectrum of cost analysis. Secondly, we will describe state-of-the-art methodologies in marginal cost estimation. Focus will be placed on requirements and constraints identified in the application of these methodologies. 

3.1 Delimitation of supplier operating costs in UNITE 

The definition of which cost elements should be classified within the supplier cost category was one of the crucial inputs for the work developed either in marginal cost case studies or in national accounts. Considering the extensive range of costs covered within the project, precise boundaries had to be set in order to avoid possible cost definition overlaps. It should however be stressed that marginal cost calculation does not include all potential operating costs. 

As a result, we can identify two basic objectives to pursue in the analysis of supplier operating costs:

· Exclusion of all non-operating costs (e.g. taxes, fines, and so forth). 

· Cost classification should be done according to sensible criteria so that the final output can be easily used for marginal cost purposes, without requiring sophisticated theoretical approaches with a difficult match to business accounting practices. 

For purposes of the work developed, supplier operating costs (“SOC”) include all monetary costs paid by the operator for the provision of a transport service, which can be considered as and directly generated by the production and delivery of the service to the final users.

Building upon this definition, the following cost categories can be identified: 

1. Vehicle-related costs

2. Service-related costs

3. Administration and commercial costs

4. Insurance and Financial costs

5. Costs linked to the use of buildings
6. Maintenance costs of buildings
1. Vehicle-related costs: Includes annual depreciation of equipment, fuel, maintenance, repairs, consumables.  All costs related to essential personnel required for the operation of vehicles (drivers, mechanics, etc).

2. Service-related costs: Includes all costs directly related to the transport service such as catering, cleaning, ticketing etc.  All personnel required to service passengers and freight: stewards, inspectors, ticket sellers, etc. 

3. Administration and commercial costs: Includes rental payments for buildings or offices; consumables; advertising. All personnel assigned to administration.

4. Insurance and Financial costs: Includes all insurance payments on policies linked to the transport activity (civil responsibility, accidents, etc.).  It also includes financial costs considered to be fixed (interest on general loans, debt services, banks and other financial institutions’ fees), provided they are related to the provision of transport services and are easily identifiable. For instance, aircraft may be rented or purchased. If the carrier decides to rent it, the cost incurred will be incorporated as a flight operation cost. Note that in such a case the airline will face a relatively high leasing payment that will be reflecting interest levels and depreciation that the carrier would have had to face in case of purchase. So the typical situation when airlines choose to rent their flight equipment is to find smaller depreciation and financial costs than when the equipment is purchased. In fact, North American airlines include the rental cost under the depreciation heading.

However, in some cases the determination of capital costs directly related to the provision of the transport service is not straightforward. For instance, one can mention the case of an operator’s balance sheet that includes fixed assets not directly related to the transport service supply, (e.g. transport infrastructure). Thus, the imputation of the capital cost value to the operating cost category should be done carefully. 

5. Costs linked to the use of buildings: Includes all payments for the use of facilities for parking vehicles (garages, hangars, etc).  Tariffs and prices paid for the use of basic infrastructure, as for example, tolls or port tariffs should be also considered. 

6. Maintenance of infrastructure: Includes all costs related to ordinary maintenance operations performed on buildings and assumed by the operator (cleaning, minor repairs, etc.).

Note that cost categories should be looked as a general framework for supplier operating cost classification. They can, de facto, be further refined or adapted according to the opinions of experts in each transport mode and in light of particular input data.

For the purpose of marginal cost analysis, all cost elements should be classified as either: 

· Variable costs, or

· Fixed costs

Theoretically, this distinction is established considering that variable costs should be all categories of expenditure that may vary according to the level of transport service provided, while fixed costs should be paid even when the level of service is null.

3.2 Methodological approaches to marginal cost estimation

This chapter provides a summary of methodologies considered state-of-the-art in the analysis of marginal supplier operating costs. 

A good starting point is probably to present a definition for marginal cost. Marginal cost is the change in the total costs associated to the production of one additional unit of a given output. In the particular case of transport service supplier operating cost we refer to the change in total cost associated to the production of a unit of transport service output. Examples of output are additional vehicle kilometre, passenger kilometre, tonne kilometre, etc.

Three primary approaches for marginal cost estimation can be identified:

· the econometric approach

· the engineering approach

· the cost allocation approach

3.2.1 The econometric approach

In this approach, costs are the dependent variable and transport outputs are among the independent variables. Cross sectional and/or time series analysis produces parameters that may be directly interpreted as marginal costs, or used to construct the total cost function.

As described in Macário et al (2000) this type of analysis was first applied in the rail sector, relating total operating cost per gross ton-mile to gross ton-mile per mile of track.  From these earliest formulations it was recognised that traffic density was an important determinant of unit cost and that average length of haul affected cost-output relationships. 

Until the 1970s the rail industry tended to adopt linear functions of the type:

TOC/MT = A+B(GTM/MT)

Where TOC = Total Operating Costs; MT = miles of track; and GTM = gross ton.miles.

It should be noted that from the 1930s until 1980s the US Interstate Commerce Commission
 has used these linear functions to analyse the relation between cost and output. However it is important to mention that several researchers produced work explaining why this type of approach imposes very strong assumptions about the nature of the underlying technology (Braeutigam, 1999).

An important break from linear cost functions was introduced by Keeler (1974). So as to derive and estimate log-linear cost functions for US passenger and freight operations, he used Cobb-Douglas production functions to derive and then estimate the corresponding log-linear cost functions.

However, the major breakthrough in cost studies was the introduction of less restrictive functional forms – the so-called flexible forms – that include among others: the generalized Leontieff function, the quadratic mean of order R function, the Generalised Cobb-Douglas function and the translog function.

Allowing for full modelling of substitution or complementarity between inputs, the translog function has proven to be the one most often employed in transport cost studies. 

The translog function for the case of M outputs and N inputs can be written as:

ln C = ao + 
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where C is total cost; yi is the level of output i, wj is the price of input j.  

Christensen and Greene (cited in Braeutigam, 1999) developed the procedure that is used in the estimation of most of the applications of the translog applications. A set of restrictions is imposed on the parameters to guarantee that the cost function is linear homogeneous in factor prices (
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 for all j). The coefficients are also strained to be symmetric (
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 for all i and j), so that the function is well behaved in its second derivatives. Where data is available, factor share equations are estimated with the cost function to improve the precision of estimates.

The main drawback of the translog function is the accommodation of zero value observations. In that case the translog specification is problematic because the logarithm of zero is negative infinity. This can be a problem if one needs to consider the underlying economies of scope, which analysis requires information along the axes of output, even if the level of output is zero.  

This problem can be overcome by using a technique known as Box-Cox transformation. The translog with a Box-Cox transformation is often called generalised translog. If data on y assumes the value of zero, instead of 
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is a parameter to be estimated.

Another way to deal with data sets including zero values for observations is the use of a functional form called quadratic-CES (constant elasticity of substitution) introduced by Roller (REF). In short, if y is a vector of outputs and w a vector of factor prices, the functional form will be 
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The Cobb-Douglas cost function is a special case of the translog function shown above and as a result, it is also a good example of consistency with the theory of production. Such consistency is achieved not only because of proper treatment of factor prices, but also because variables  may contribute to technological changes over time. However, some restrictive aspects should be pointed out (Braeutigam, 1999): 

· elasticity of total cost with respect to output is constant independent of company size;

· elasticity of cost with respect to each factor price is constant; 

· elasticity of substitution of one factor for another is always unity; and
· the share of expenditures on each factor of production is a constant regardless of the total relative factor prices or level of output.

The application of econometric approaches has been widely undertaken and contributed to the assessment of economies of scale and density. Ideally, multi-product cost functions could be specified to capture the relation between cost and different services, incorporating also information on relevant service characteristics. For example, if we consider that si represents service i, ai  represents a vector of attributes of the service and there are m  inputs (each with its own factor price) and n outputs, the cost function for the firm is like C(s1, s2,…, sn, a1, a2,…, an,  r1, r2,…,rm). It is easy to demonstrate how data intensive this type of functions could be.

A synthesis of important references in marginal cost estimation using econometric cost functions is shown below:
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In practice, the usage of econometric methods at the detailed level necessary for marginal cost estimation has proven very difficult for a variety of reasons. Firstly, output measures are too aggregate, which means that existing heterogeneity due to journey length, origin-destination patterns, and peak/off-peak travel is often ignored. Secondly, it is difficult to separate the relevant elements of total accounting cost data that relate to output and besides such costs do not necessarily relate to real costs. In other words, relationship between cost and service output is not always easy to estimate. Thirdly, because the way in which quality of service systematically varies at different levels of output requires some type of adjustment.

3.2.2 The engineering approach

In this type of approach, total costs are disaggregated into categories, and for each one of these, individualised analysis provides the technical relationship between inputs and output measures. 

Application of the engineering approach has been demonstrated for a range of modes, including urban bus transport (OECD, 1985), rail passenger transport (ECMT, 1998) and scheduled public transport in general (Jansson, 1984). 

To illustrate the basic idea  one can conceptualize a system of scheduled public transport consisting of a number of vehicles, which produce transport services along given routes, according to a given timetable. The output of this production system can be increased in two different ways: by increasing the number of transport vehicles (N) or their size (S). 

The following simple, symbolic production function is used to show this aspect: 

Q = f (N, S, V, H, (),

where Q denotes the number of trips, N – the number of equi-sized scheduled public transport vehicles, S - vehicle size in terms of holding capacity (e. g. the maximum number of passengers), V - speed, H - "handling capacity", i.e. the number of passengers boarding and/or alighting per unit of time, and ( - occupancy rate (that is holding capacity utilisation).

Note that the production function does not include general factors like capital or labour on its arguments, but transport service-specific variables. The above unspecified function is of no further use and the next step is to translate the available industry-specific engineering knowledge into cost-output relationships. In the case of railway passenger transport this could drive to form trains by combining engines and carriages of specified design, and rail transport systems by allocating trains to different lines, and different schedules, or time tables.  
A marginal cost proxy in passenger transport is the incremental system cost of another unit of supply (a round trip of a vehicle, or a round trip of an additional carriage) divided by the number of additional passenger trips produced by another vehicle or carriage round. 

3.2.3 The cost allocation approach

The cost allocation approach takes accounting data by cost category, divides them into fixed and variable costs and associates variable costs with particular measures of output.  This approach permits details cost calculation for particular changes in output that are not easily obtained from econometric models (econometric models require an adequate database with sufficient variability, and very often the different measures of output are highly correlated).

In short, with the cost allocation approach it is possible to obtain not only global marginal cost estimates related to all activities but also more detailed cost information. Thus, the cost allocation approach is appropriate for detailed marginal cost calculations, but it should draw on the evidence provided from econometric and engineering studies on issues such economies of scale and cost variability.
4. Synthetic overview of the work produced in the supplier operating costs’ case studies 

This chapter includes three sections. The first one will introduce us to the generic elements of the case studies while providing information on data sources and associated constraints. The second is focused on the description of the methodologies applied in each of the case studies. The methodological options should be looked at carefully, considering specific degrees of data availability and previous elements brought to discussion in the section on marginal cost methodological approaches. The last section presents the main results and conclusions stemming from the work developed.

4.1 Case studies overview

4.1.1 Case study 6a - Urban public transport, Lisbon

This case study is dedicated to the estimation of the supplier operating marginal costs of a recent commuter service crossing Tagus river, in Lisbon. 

The operator, Fertagus, started the production of the service in 1999, framed in the new legal structure for the rail sector, which established the division between rail infrastructure and rail operation.   
The company runs the service across the Tagus to and from Lisbon and benefits  from a 30-year concession period. Service is provided from 5:35 AM to 1:55 AM, linking the two line extremes in 27 minutes. During peak periods, the service headway is 7.5 minutes.

Detailed information about the goods and services used by the operator for the production of the transport service was gathered and analysed. Moreover because the operator provides a single homogenous type of service, marginal cost estimates should be quite accurate.  One of the major difficulties that had to be overcome relates to the fact that it was just possible to consider one data period (2001) in the analysis. This was due to the recent implementation of the operation and to the probable existence of start-up costs in 2000.   A cost allocation approach based on the year 2001 data was the only feasible approach.
4.1.2 Case study 6b - Swedish rail case study 

This case study provides an analysis of the price-relevant marginal cost of an interurban rail passenger transport service, in Sweden, with emphasis on the supplier's marginal cost. More precisely, the analysis was focused in the long-distance route between Stockholm and Sundsvall that has a total distance of 816 km. This route integrates the following segments: Stockolm/Gävle; Gävle/Söderhamn and Söderhamn/Sundsvall. The service is operated with a flexible-formation train as are many other railway services in Sweden. However, since the fixed formation train has taken a substantial share of the total rail market, the case study also considers this type of operation.
In order to compute an average value for the price-relevant marginal cost of the Stockholm/Sundsvall operation, cost data from the manual for railway investment cost-benefit analysis issued by the Swedish Railtrack was used. This data was applied to the specific reality of this long-distance service. Important conclusions for tariff design were drawn from the analysis of the price-relevant marginal cost in peak and off-peak periods. This case study also infers on how to allocate this price to s line segments between successive pairs of stations.
4.1.3 Case study 6c - European air transport operating costs

The goal of this work is  to produce marginal cost estimates for a group of European airlines. Note that the aim of the case study is not to compare European carriers versus American competitors. However it was thought that the control of the quality of the results could be made using another set of American carriers.
 

A group of 13 airlines was selected for the analysis, which was observed during nine consecutive years from 1990 to 1998 (although not all companies report data every year). The evaluation of the quality of the results was performed through a complementary analysis of a set of 9 airlines from North America.

Annual cost information was sourced from ICAO Financial Data. Airline operating statistics were collected from IATA’s World Air Transport Statistics (WATS), which is also published on an annual basis. Since this latter data set did not include detailed statistics on airline personnel and wages, additional information was obtained from ICAO’s Fleet and Personnel publication.

The next table enumerates the airlines considered in the case study. Basic information on operational variables is also included. 

[image: image18.png]Sample air carriers operating variables

Available Average Stage
Airlines Departures|  Length
(Km/Departure)
Air France 402,354 1393
Alialia 277 009 1076
Austrian 12959 1459
Bftich Ainways 525 455 1622
Bitish Midlands 95,938 498
Finnair 116.236 664
Europe Theria 2720 1077
KIM 156,64 1511
Lufthansa 495 581 1,168
Olympic 50,71 734
SAS 334571 755
Swissair 163128 1352
TAP 53,291 1463
Air Canada 217 359 1554
American Air 791825 192
Canadian 57059 213
Continental 453 376 1663
North America Delta 962 695 1504
Northwest 536 948 1446
TWA 275 442 1.352
United 601579 1754
Usair 707108 961





Monetary data were deflated to 1998 prices by using each airline’s country GDP deflator. As cost data was expressed in dollars, the change to euros was carried out by applying the 1998 purchasing power parity (“PPP”) Euro-Dollar conversion rate. Note that airline costs are partly international by nature, and therefore, will have to be paid in dollars, whilst other cost items are paid in national currency. Had data been available in such format, the correct way to proceed would have been to use the 1998 PPP Euro-Dollar for the former, and the 1998 PPP National Currency-Dollar for the latter. Given that it was not possible to disentangle costs that have the dollar international reference from those that are national by nature, the method selected was finally the one mentioned above.  Available ton km were used as the best measure of output, taking account of the mix of aircraft sizes.  Passenger km is not a good measure to use in the cost function as load factors have little impact on costs; it is the capacity supplied that determines costs.

4.2 Description of the methodologies applied

The main methodologies applied for the estimation of marginal supplier operating costs were described in chapter 3. These methodologies have become reasonably established from a theoretical standpoint in modern transportation economics. Next,  is discussed the methodologies applied in each of the case studies and presented the basic technical rationale behind them.

In case study 6a  - Urban Public Transport, Lisbon - the methodology applied was a cost allocation approach. It relies upon the analysis of detailed cost information and service output level. 
The work developed by Allport (1980) was the main theoretical reference. This author developed a cost allocation method for different public transport modes, based on the concept of “cost escapability”. Availability of data at low cost and ease of understanding cost calculations were behind the decision to adopt this model.

The first step towards the marginal cost proxies -i.e. average variable costs (“AVC”)- was to classify the accounts of the operator according to the supplier operating cost boundaries set within UNITE. 

Next, the observed cost items are categorised according to a series of cost drivers and the ratio over the relevant output measure is calculated. The model for the allocation of cost categories is presented in the next table:

Case study costing model (based on Allport model)

Disaggregated total SOC by production factors and timescale of escapability

	Traditional classification
	Timescale of escapability
	Per Veh km*
	Per Train km
	Per Passenger km
	Per Peak Veh per annum



	
	
	Traction power
	Drivers wages (variable component)
	Bus feeder
	

	
	Very short
	Maintenance staff wages (variable component)
	Other operational staff wages (variable component)
	Commercial staff wages (variable component)
	Rolling stock cleaning

	
	
	Spare and maintenance materials
	Administration staff wages (variable component)
	Communications (stations)
	Civil responsibility insurance

	Variable
	
	Training of maintenance staff
	Uniforms cleaning (operational staff)
	Station water consumption
	Insurance for rolling stock

	
	
	
	
	Station cleaning
	breakdown

	
	
	
	
	Ticket machines maintenance
	

	
	Short
	Gas & Electricity – maintenance
	Telecommunications package (trains, traffic control, etc)
	Marketing
	Rolling stock depreciation

	
	
	Fluids
	Training of drivers and other operational staff
	Bank expenses (commissions related to
	

	
	
	Tools depreciation
	
	ticket sales)
	

	
	
	Other regular maintenance
	
	Training of commercial staff
	

	
	
	
	
	
	

	
	
	Maintenance staff wages (fixed
	Drivers wages (fixed component)
	
	

	
	
	component)
	Other operational staff (fixed component)
	Commercial staff wages (fixed component)
	

	
	
	
	Office equipment
	
	

	
	
	Rent of
	Office consumables
	
	

	
	
	maintenance
	Cleaning (administration)
	
	

	
	
	buildings
	Vehicle depreciation
	
	

	
	
	
	Security
	
	

	
	
	
	Vehicle leasing
	
	

	
	
	Communications-maintenance
	Office staff wages (fixed component)
	Security-stations
	Rolling stock garaging

	Fixed
	Long
	
	Communications
	
	(rents)

	
	
	
	Computer assistance
	
	

	
	
	
	Insurances for losses in exploitation
	
	

	
	
	Depreciation of
	Vehicles insurance
	
	

	
	
	maintenance

building
	Depreciation of administration building
	Depreciation and rents of stations
	

	
	
	
	Repair and maintenance of adminsitrative facilities
	
	

	
	
	
	Travel insurance
	
	


*Note that a ‘vehicle’ in this case study is in fact a 4-car multiple unit accommodating 600 passengers.


The model has two dimensions:

1. A functional dimension, in which the supplier operating costs are assigned according to a series of cost drivers. Thus, costs caused by vehicle km are allocated to vehicle km, those by train km according to train km, those by passenger km allocated to passenger km and those by fleet size allocated to the peak vehicle per annum. 

2. A temporal dimension, in which the concept of escapability of costs is introduced, corresponding to the time allocation of the supplier operating costs. The very short term corresponds to a possible scenario of instantaneous capacity increase, by making more intensive use of existing rolling stock. It corresponds to short time periods where reinforcement of operational staff shifts or small production adjustments may have occurred. In this case, the operator structural capacity remains the same. The short term should be considered when there is an increase in rolling stock fleet size. The long term is related to important capacity increases that imply structural changes, including additional support staff, more logistic facilities or building of new stations.   The costs are decreed to be irrelevant for the measurement of short run marginal cost.





The calculation of marginal cost proxies was performed considering the average variable costs and assuming that:

· The marginal cost of a vehicle kilometre is the average variable cost per vehicle kilometre. 

· The marginal cost of a passenger km is the average variable cost per passenger km.

· The marginal cost proxy of a train in peak is given by the following expression: 
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· The marginal cost proxy of a train in off-peak is given by the following expression:
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AVC peak= = average variable cost per train in peak

AVC off-peak= average variable cost per train in off-peak
AC  v.km. = average cost per vehicle.km

AC t.km = average cost per train.km
FS = fleet size related costs

AC peak = average cost per peak vehicle 
n= number of vehicles in the composition 

D= line distance (Km)

In short, it is the fleet size related costs, i.e. those under the heading per peak vehicle, that allow for the differentiation between peak and off-peak periods. Vehicle costs are the same as carriage costs (in this case study UQEs) and train costs are those incurred when a connection is made, regardless of the number of carriages. Only costs considered to be directly related to variations in the passengers km output are included in the calculation of the passenger km indicator. To compute the price- relevant AVC for a passenger km trip, in peak and off-peak periods, one can use the following equations:
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Index 0 refers to off-peak

Index 1 refers to 1 to peak

AVC= price relevant average variable cost per passenger.km

d = distance of the trip (km)

AVCt= average variable cost per train 

AVCp.km= average variable cost per passenger.km

( = average occupancy rate 

s= seats per vehicle

n= number of vehicles in the composition (train)
Because average variable costs were used as a proxy for marginal cost, some theoretical aspects should be highlighted:

· The average variable cost function measures the variable costs per unit of output. Starting in a zero level of output and considering the production of one unit of output, the AVC is just the variable cost of producing this one unit. If more units are produced one could expect that, at worst, AVC would remain constant. If production can be organised in a more efficient way, as the scale of output increases, AVC might even decrease initially. However, the fixed factors will eventually constrain the production process leading to the increase of AVC. (e.g. for instance due to congestion).
· The marginal cost function measures the change in costs for a given change in output. One can present the definition of marginal cost in terms of the variable cost function. 
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This is the same to say that MC is the increase in total cost associated with a one unit increase in output. Then, when the firm is producing in a range of output where AVC are decreasing, it must be that the MC are less than the AVC in that range. Similarly, if the firm is producing in a range of output where AVC are rising, it must be that the MC are greater than the AVC. In short, AVC=MC at the first unit of output and at the minimum of the AVC function.  In the Lisbon case study, the necessary condition for MC=AVC is that the operator is producing at a level of output where AVC is minimum.  However, we believe it reasonable to assume that AVC is roughly constant, so that even if this condition does not hold our result is a reasonable approximation to SRMC.

The engineering approach was also applied in the Swedish rail case study. Here, a stylised model of a specific railway line was developed with the purpose of calculating the average level of marginal cost. Certain core considerations should be stressed: 

· The case study analyses the price relevant marginal cost of a flexible formation train service, in a long distance line. In the calculation of the marginal cost for flexible-formation trains, the best approach for long-distance services is to assume that additional passenger demand is met by vehicle size increases. This approach avoids the difficulties associated to the user cost estimation, which are beyond our scope, because the frequency of service can be assumed unchanged when transport volume increases. 

· From a previous study it was concluded that, given train speed, energy consumption would increase linearly with train length in the whole range of observations. Taking this into account, the price relevant marginal cost can be formulated in a very simple way as shown below.
The level of the price-relevant marginal cost, represented by the incremental cost of an additional carriage round trip divided by the number of occupied seats was computed using the following equation:
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(1)

MCti   =
pricing-relevant marginal cost per occupied seat, day t, train departure i 

(t=1,…,365, and i= 1,…,m)

bti      =
time cost of carriages including capital cost (rent), guards' wage costs, and the

cost of cleaning per round trip
k       =
number of round trips per traffic day made by each train

c      =
distance-dependent cost per carriage-km

D      =
line distance (one round trip)

n      =
number of seats per carriage

(       =
occupancy rate

However, since this average value conceals wide variations in the price-relevant marginal cost both in time and space, a further advance was achieved by calculating the differentiated peak and off-peak marginal cost. Assuming that capital cost should be charged to the peak demand, the marginal costs of a round trip in peak and off-peak periods were calculated from the following expressions
:
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From which we take,
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opeak   = number of operation peak days per year

c1       = time cost of carriage - guard's wage per carriage-hour

c2       = time cost of carriage - cleaning per carriage-hour 

c      =
distance-dependent cost per carriage-km

R      = annual capital cost

V      = running speed

The sum of the price-relevant marginal costs of the individual line segments for one particular round voyage should be equal to the price-relevant marginal cost of the whole round voyage, and since the carriage time-cost, as stated in expression (8)
bt1 = bt2 = bti…=btm = bt



(6)
is the same each round voyage on a particular day, which also goes for the distance-dependent component cD, the sum of the  line segment costs is equal to MCt. Therefore, the optimal ticket price of a particular journey is obtained by summing up all line segment costs involved. The basic rule of thumb is that individual line segment prices should be determined such that the expected occupancy rate equals the target value of ( everywhere all the time (if this were not the case for any segment, the marginal cost on that segment would be zero).

In the European air transport operating costs case study two methodologies have been applied in the estimation of marginal costs. The combination of both methodologies will allow to test the robustness of the marginal cost estimates.

The first one is based on a cost allocation approach that distinguishes four UNITE categories of costs (i.e. vehicle, service, infrastructure and administrative/commercial).  In this case, the definition of marginal cost is the classical one:
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TC = total costs (that in turn could be vehicle, service, infrastructure or administrative/commercial specific costs).

X = any airline output measure used.

In the implementation of this approach, the way to proceed was the following:

1. Calculate incremental variations of costs per year for each airline and UNITE cost category.

2. Select measures of air carriers output and calculate incremental variations of cost per year. Output measures used were Hours Flown and Available Ton-Km.

3. Calculate marginal costs per year by dividing variation of cost by variation of output.

4. Calculate an average with all valid marginal cost observations for each airline and cost component. 

The second methodology used followed the econometric approach earlier discussed. In this case, the calculation of marginal costs was therefore carried out by estimating a function of airline costs. The translog functional form was selected, since it seems to be an adequate way to represent the underlying technology. The cost function is estimated together with a set of other equations representing the behaviour of each factor share of costs.

The system of equations and the respective considered variables are described below:

Description of variables for econometric models

	COST
	Total cost (million of 1998 €)

	OUTPUT
	Available tonne kilometres (thousand) or Hours flown 

	W
	Labour price or average salary per employee (thousand €)

	E
	Energy price or cost of energy per kilometre (€). It includes fuel and oil

	K
	Capital price or cost of capital per aircraft (million €). It includes depreciation, rental of flight equipment, maintenance and flight equipment insurance

	OM
	Other material price or cost per departure (thousand €)

	WE, WK, WOM, EK, EOM, KOM
	Cross products of factors prices 

	OUTPUTW, OUTPUTE, OUTPUTK, OUTPUTOM
	Cross products between output and factors prices

	TLF
	Total load factor

	ASL
	Average stage length (kilometres per departure)

	NET
	Network points in 1997.

	SW, SE, SK, SOM
	Factor shares of total costs


System of equations

· 
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Note that not all share equations can be included in the estimation due to collinearity problems. Symmetry, in terms of cross-products between variables, is implicitly assumed in the specification used. Observe that some coefficients are weighted by 0.5 due to that reason
. 

From the lists of estimated coefficients the most important for this work is (1 that reflects the relationship between total cost and output. From this coefficient a marginal cost estimate can be obtained by carrying out the following transformation:
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Where AC is the average costs that results from dividing mean values of COST and X (outputs) for each sample. The variables are expressed in deviations with respect to their means and the second order terms cancel out in the derivation of marginal costs. 

4.3 Synthesis of the results

Previously, we shed light on the methodologies applied in each of the case studies. The next tables shows marginal costs values and MC/AC ratios derived from research carried on
. Detailed information on the results and other conclusions are provided in the second part of this deliverable (supplier operating cost case studies). 
Marginal cost estimates from the supplier operating cost case studies

	
	AVC per train km peak

(Euro 1998)
	AVC per train km off peak

(Euro 1998)
	MC per passenger km in peak

(Euro 1998)
	MC per passenger km in off peak (Euro 1998)

	Urban public transport case study, Lisbon*
	17.640
	1.864
	0.0216
	0.0086


*AVC as a proxy for MC

	
	MC per passenger km

(Euro 1998)
	MC per passenger km in peak*

(Euro 1998)
	MC per passenger km in off peak

(Euro 1998)

	Swedish rail case study
	0.036
	0.072
	0.022


Notes:  considering an occupancy rate of 0.5, 80 seats per carriage and a voyage speed of 90 kmh

*MC per passenger round trip in peak/line distance = 59/816 = 0.072 Euro

**MC per passenger round trip in off peak/line distance = 18/816 = 0.022 Euro

	
	MC in terms of hours flown (Euro 1998 per hour)
	MC in terms of ton-km (Euro 1998 per thousand ton-km)

	European air transport operating costs
	European sample
	North American sample
	European sample
	North American sample

	1.  Engineering approach
	14,815
	7,087
	753
	383

	2.  Econometric approach
	12,255
	5,596
	644
	399


MC*/AC

	European air transport operating costs
	Urban public transport case study – Lisbon

	Available ton-Km (000) – European average
	Available ton-KM (000) – North American average
	Hours flown – European average
	Hours flown – North American average
	Per train in peak
	Per train in off peak
	Inter urban rail (Sweden) per passenger km

	0.90
	0.82
	1.31
	1.11
	0.86
	0.44
	0.50


* In case study 6a AVC was used as a proxy for MC



The marginal cost proxies computed in the urban public transport case study trace a picture of the overall performance of the service provided by the operator. Difference between peak and off-peak values (370 Euro versus 39 Euro) is mainly explained by the requirement of additional rolling stock for additional peak-period trains. The AVC/AC indicates that AVC per train in peak and off peak periods are respectively 86,6% and 44.0% of the total average costs. As we are referring to a fixed route network, the values of the ratios AVC/AC could be taken as a measure of economies of density. 
In the Swedish rail case study, the application of a basic model of separate double-track railway line for a long-distance service allowed for the computation of the level of the price-relevant marginal cost. The examination was focused on carriage costs. Note, that in this approach total costs
 are split into:

1) carriage costs – capital costs and running costs, including guards’ wage costs

2) engine costs (capital costs and running costs, including  engine drivers’ wage costs

3) overhead costs

The marginal cost value computed is 0,036 Euro per passenger.km for the studied line. It should be stressed that the costs examined in the case study were related to carriage costs. Taking into account further theoretical arguments developed in the case study, regarding the structure of price-relevant marginal cost in time and space, it was also possible to estimate the marginal cost of the carriages in peak and off-peak periods. The primary conclusion regarding the structure of the price-relevant MC per passenger.km was that MC in peak is around three times higher than in off-peak (0.072 Euro versus 0.022 Euro). Other conclusions, both regarding the supply, and the pricing of long-distance rail services aiming at social surplus maximization, out of this work: 

· The same timetable should apply in peak and off-peak. Note that the same timetable applies every day because peak-load pricing has levelled out the weekly demand time profile.  The reason is that most costs are determined by the peak requirements for staff and assets; in the off peak it is worth dropping prices very low to ensure that these are fully utilised.  The systematic variations in demand during the day are in the first place met by corresponding differences in train length.
· Total round trip marginal cost is the same for each train round in a particular day.

· The ticket price is calculated by summing up the line segment prices included in the trip in question.

· Total revenue from marginal cost-based pricing will cover about 50% of total railway company costs (Swedish railways); all other costs are assumed not to change with demand.
 



In the air transport case study the gap between North American and European Airlines is clearly demonstrated. This is valid for both groups of MC estimates: MC in terms of hours flown and MC in terms of ton.kms. Even considering the different economic environment in which both groups of carriers operate, this result yields that there might be some room for European airlines to reduce their costs. The econometric model support the values obtained with the allocated cost approach. Detailed information on disaggregated marginal cost estimates (from the disaggregated costs methodological approach) and values of returns to density and scale (from the econometric methodological approach) are available in the annex 1 of this part of the report. It is important to acknowledge that the period in analysis (1990-98) boasted the deregulation process of air transportation in Europe, when several legislative packages were produced to achieve a liberalisation of European skies. This process, which culminated in April of 1997. This process is in the background of the estimation process, and quite probably one of the main reasons explaining differences in costs between American and European airlines. 

Some conclusions regarding economies of density in European airlines can also be drawn from the analysis of the translog coefficient estimates. The degree of economies of density for ton.km and hours flown is respectively 1.075 and 0.985. In rough terms it appears to show constant returns in both outputs.

5. Issues on transferability 

The purpose of the generalisation work in UNITE is to understand the degree to which methodology, relationships and results may be transferred to other contexts.  This necessarily involves highlighting existing limitations on transfer of values and technical approaches. 

The adaptation of results can assume many forms and is not only limited to transference of values from one situation to another. In fact, the direct transference of marginal supplier operating cost estimates between contexts seems to shown limited interest. The application of adequate estimation approaches for the production of robust estimates, in specific situations, is far more appealing and should be the path to follow. 

In broad terms, the fundamental ways in which the experience of this project can be adapted to other settings are: 

· Overall methodology - the basic feature of the work developed in UNITE’s case studies is that the methodological approach is clearly set out, thus enabling its replication in different situations.

· Inputs to the methodology

· Economic unit values

· Output values

· Output functions

· Output ratios or relationships

Next, it is addressed to what extent the results stemming from the supplier operating costs case studies could be transferred.

Starting with the Lisbon urban public transport case study, it should be stressed that marginal cost estimates are specific to the situation in analysis. 

 Thus the methodology and formulae should be transferable to comparable suburban rail systems, but the parameter values are not.
Similarly in the Swedish rail case study, the overall methodology can be used for the estimation of marginal costs of passenger train services with flexible and fixed formations. A simplified version of the model shows how to produce (and provides) marginal cost estimates for a long distance service (with three segments) operated with flexible formation trains. Guidance is also provided on how to calculate the price of each individual line segment. Though possible, the transferability of marginal cost estimates for the case of flexible-formation trains operating in long distance routes is very limited. This is due to the fact that it is necessary to take into account all particularities related to the production of different transport services. The application of the model to the case of fixed formation trains is not so straightforward. For the case of a fixed formation train considered to operate in just one particular line (for instance between the airport of the capital and the central city), the model is perfectly transferable, provided the train operation is optimised for that particular line. The problem of fixed formation trains appears when exactly the same train of a fixed number of carriages is to be used on several lines, where at least one line presents different characteristics in terms of trip volume per km, and/or route distance. In this case a compromise is necessary, which means the trains will be either too long on thin and/or short-distance routes (frequency too low), or too short on dense and/or long distance routes (frequency too high).   Since fixed formation trains are becoming more common, this is a serious problem in computing optimal prices, although often additional cars can be inserted – though not on a daily basis – and units coupled to provide a degree of flexibility in length.
In the European air transport case study, it is quite straightforward that both methodologies will be applicable to other air lines and other modes of transport. Nevertheless, it would be desirable to have data available for longer periods of time, which would permit the application of both estimation methods with greater degrees of freedom. For the cost allocation  approach, it will result in average values of marginal costs derived from more airlines with valid observations, and for the econometric approach it will permit to obtain more robust cost elasticities and hence more robust marginal cost values. Our results on marginal cost estimates have been calculated for European (or North American) airlines as a group, hence it is the marginal cost for an average European (North American) airline expressed in € per hour flown or per thousand available ton-km. Each airline’s entire operation was taken into account. 




Overall, our conclusion is that whilst in principle an econometric approach is generally to be preferred, data limitations mean that it often cannot be applied to get detailed results for a specific time period and location.  Our general preference therefore is for a cost allocation approach but informed by the results of econometric and engineering research.
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Urban Public Transport Case Study - Lisbon

1. Abstract

This case study is dedicated to the estimation of the supplier operating marginal costs (SOC) of a recent commuter service crossing Tagus river, in Lisbon. The disaggregation of the supplier operational costs, defined in the UNITE Interim Report 6.2, turned possible the establishment of a relation between the cost categories and some production service output indicators. The case study presents a methodology based on the Allport costing model. One of the major constraints of the study is derived from the recent implementation of the service that leaded to the consideration of just one data period in the analysis (2001). Although, data from 2000 was available only data from 2001 was used, due to the probable existence of start-up costs in 2000. It should be noted that the major part of the 2001 data used was estimated by the operator. 

The methodology applied allowed the calculation of the following marginal costs’ proxies values (in our case average variable costs): AVC per train in peak - 370274 Euro and AVC per train in off-peak – 39.146 Euro.  The resulting costs per train km and per passenger km are 17.640 (peak) and 1.864 (off peak) per train km and 0.0294 (peak) and 0.0031 (off peak) per passenger km. 

The direct transferability of the estimated values of the marginal costs proxies could be considered limited, as we are dealing with a too specific situation: a rail operator in the first stage of life of the service. However, the methodological approach is totally transferable and it is ready to produce values that could serve as guidance for other railway operators and for operators of other modes, as long as larger data samples could be used.

2 Introduction

The main goal of the work carried on this case study is two-fold: to estimate marginal supplier operating costs of a commuter train operator in the Lisbon area and to validate a methodological approach easily transferable. 

Through the last years we assisted to important reforms in the transport sector, especially in the railway mode that can be traduced in measures aimed to the improvement of the productive efficiency of the sector.

The publication of the Directive 91/440/CE was the starting point for the division between rail infrastructure and rail operations. The application of the Directive led to a new structure of the rail transport in Portugal, that is now organised in three different levels: one institution responsible for the infrastructure management – REFER, other dedicated to the regulation – INTF and the opening of the operations to private companies. 

The operator, FERTAGUS, started the production of the service in 1999, framed in the new legal structure. The company runs the service across the Tagus to and from Lisbon and has a concession period of 30 years. Service is provided from 5:35 AM to 1:55 AM, linking the two line extremes in 27 minutes. During the peak periods, the headway of the service is 7.5 minutes. 

Given the fact that FERTAGUS is the first private operator to produce a train service within the new legal Portuguese framework of account separation between infrastructure and transport service, it is easily understandable the importance of any methodological contribute in this area of research. 

Regarding the overall methodology it should be mentioned that SOC, as defined in the UNITE Interim Report 6.2, were split into 4 different categories of cost drivers: Vehicle.Km related costs, Train.Km related costs, Passenger.Km related costs and fleet size related costs. This cost disaggregation approach, based on the Allport methodology (1980), was the ground for the estimation of the marginal supplier operating cost per vehicle-km, per train.km, per passenger.km. Moreover, this approach also allowed the estimation of the marginal SOCs proxies in peak and off-peak periods. All cost data was analysed taking into account his fixed or variable nature, using a timescale of escapability (very short, short and long, reflecting the time variability of the costs).

Detailed information about the goods and services (inputs) used by the operator for the production of the transport service (outputs) was gathered and analysed. The data was collected using the following sources: internal provisional budget, production outputs estimated by the operator, already available data related to service outputs and additional elements collected in interviews with the technical staff of the company.

Although the output values – marginal costs – can be used to compare performances in one region with those in other regions, or to compare their performance across modes, in this particular case they should be used carefully given the limitations associated with the fact that just one data period is reported. Nevertheless, the results of the model could provide valuable guidance for the formulation of adequate management strategies and fair pricing policies.

2.1 Characterisation of the supply

The North-South connection network has a total length of 20.99 Km and 7 stations  (3 of them located in the North side and 4 located in the South side of the river). For the production of the service, the operator acquired 18 two floor quadruple units. The duration of the shortest connection between two stations is estimated in 2 minutes. For the passengers boarding and alighting there is an estimated duration that goes from 1 minute to 1.5 minute, depending on the station.

In the particular case of this operator there is some uncertainty degree regarding financial and operational expectations, mostly due to the lack of any previous experience in private railway operations in Portugal. On the other hand there are operational constraints that should be mentioned: management of demand patterns (peak/off peak), lack of road transport feeders in the South Bank (forcing the operator to support the costs of a feeder bus service), political constraints underlying tolls definition and lack of an integrated policy to promote modal shift from cars to trains. 

Responses to capacity changes could be managed by the operator through the duplication of the transport unit (two quadruple units/vehicles) or by rescheduling the trains, taking into account that a minimum time of 6 minutes between trains must be respected due to technical and safety limitations of the bridge structure. The number of seats per quadruple unit is 1,200.

Currently, the solution found by the operator to manage the demand relies on the provision of double compositions in the peak and single compositions in off-peak

Regarding the labour force, the operator counts with 143 permanent employees split in the following categories: 33 drivers, 73 assigned to commercial functions, 15 maintenance technicians and the remaining affected to administration and administrative functions.

The next figure shows us the diagram of the network and the correspondent integration in the Lisbon transport system: 

Figure 1 Map of the FERTAGUS service across the TAGUS river
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2.2 Demand forecast 

The new service is expected to have an important impact in the reduction of the north-south road flow, which is estimated to be around 20% of the current traffic flow cars/day.  The forecasted daily average of passengers in a typical cruise year of operations is estimated to be around 130,000, in a total potential market of 360,000 passengers/day. 

3. Existing research evidence

The theoretical approaches that have been applied in the field of supplier operating cost analysis are:

· Econometric cost functions

· Engineering approach of disaggregated costs

The experiences of econometric studies of supplier operating cost functions suggest that the relationship between cost and service output is not easy no estimate. In this case study it should be stressed out that the difficulty in getting adequate data for the econometric approach to work at our level of detail is the main reason to not adopt it.

Thus, the methodological foundation pursued in this case study was the engineering disaggregated costs approach, which relies upon the analysis of detailed cost information and service output level elements, provided by the transport operator. 

In this context, the main reference for our marginal cost study is the methodology developed by Allport (1980). This author developed an allocated costing method for different public transport modes, based on the concept of cost escapability. The main objective of Allport’s work was the search for comparability in the costing model for the different transport modes.

4. Methodology

For an ideal situation of data availability, several approaches could be adopted in order to calculate the SOC and the marginal costs of a transport firm. With cross section data and Translog functions method, we can derive, in an econometrical way, the elasticity of cost categories of a firm and with very simple transformations we can work out the value of marginal costs. With time series data, we can adjust a function to cost data and derive directly the marginal cost. As a general theoretical expression, we could define an ideal cost function,
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Being TC the total costs, X the output level and pi with i = 1,…, n the prices of the inputs related to the production of the transport activity. The derivation of the marginal cost would be,
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When it is applied a disaggregated costs approach to perform marginal cost estimates, like in the Lisbon case study, the general expression to compute the marginal cost is,
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Then, marginal cost could be estimated considering the increments year by year and producing an average result for the entire period. 

In both expressions, MC represents the marginal cost, TC the total SOC and X the output level.

As the aim of this work is the calculation of the Supplier Marginal Operating Costs for the FERTAGUS transport firm, we must overcome the problem derived from the fact that studied operator has just entered in its second year of operations. 

Moreover, we must consider that there are bound to have been some start up costs in the first year of operations so we opted to focus our analysis only in the second year. 

Although we are not able to analyse incremental changes in a given period of operations, the existence of very disaggregated cost data give us the necessary working material to achieve our aim of producing proxy estimates for the marginal SOCs. 

Thus, the first step for the estimation of the marginal costs is to classify the accounts of the firm, following the boundaries for the SOCs previously defined in UNITE.

Next, the observed cost items shall be categorised according to a series of costs drivers and the ratio over the relevant output measure shall be calculated, as in the work developed in the Allport’s costing model, 

4.1 The UNITE Supplier Operating Costs 

UNITE Interim Report 6.2
 gives a clear definition of what can be considered as Supplier Operating Costs (SOC) for the provision of transport services:

“All monetary costs paid by the operator in the provision of a transport service, which can be considered as ordinary and directly generated by the production and delivery of the service to the final users.”

For an ideal scenario with a high level of disaggregation of the transport firm accounts, all costs could be classified as fixed or variable in five categories of costs. Although being aware that some type of costs, like labour costs, are sometimes difficult to disaggregate due to the lack of available detailed data, the division between fixed and variable should be carried out as far as possible. In, practice, if problems are encountered due to aggregation of data, one possible way out is to adjust the classification using the data as it is.
. In short, these categories are intended to reflect all the items directly and indirectly required for the provision of transport services,

· Vehicle-related costs: fuel/power, maintenance, consumables, repairs, depreciation of vehicles and equipment, personnel required for operation of vehicles (maintenance staff, drivers).

· Service-related costs: cleaning, ticketing, catering, personnel required to perform service to passengers (ticket sales/inspectors, stewards), depreciation of service equipment.

· Administration and commercial costs: office consumables, depreciation of buildings affected to administration, administration staff, marketing.

· Insurance and financial costs: any insurance payment on policies related to transport activity (accidents, civil responsibility).

· Use and maintenance of infrastructure: any tariff paid for the use of the basic infrastructure, leased spaces, minor repairs or cleaning of the infrastructure.

As already referred, these five proposed categories should be divided into fixed and variable costs. Nevertheless, this kind of classification has a strong relationship with the period of time that we are taking into consideration. This is, in the very short run almost all costs are fixed, but in the long run all costs can be considered as variable. 

It is important to stress out that the above mentioned infrastructure use costs were, in the case of FERTAGUS, based on contractual payments rather than real costs, and for that reason they were just omitted in our analysis
.

The next step is to frame the above mentioned costs under the costing model developed by Allport in 1980. In this model costs are categorised according to a set of costs drivers while their temporal dimension is analysed under the concept of time escapability of costs: no costs are considered as fixed, they are all variable in different moments of time. This classification allows a more dynamic analysis of costs evolution.

4.2 Allport’s methodology

The work developed by Allport (1980) has two different but related objectives,

· First, the development of a disaggregated costing model for public transport that could be transferable between the different modes for comparable primary source data, and easy to adjust to the different situations. The model would define the opportunity cost of capital, maintenance, administration and commercial costs of the considered modes on a common basis.

· And second, the application of the model for a typical urban corridor in order to compare the total social costs derived from different scenarios of demand levels and modes implementation.

Allport identified two dimensions on the basis of his model,

1. A technical dimension, in which different categories of costs were assigned to five categories, three variable in the short/medium term (vehicle-hours, peak vehicle requirements and vehicle-kilometres) and two fixed in the short/medium term (route kilometres and number of stops/stations).

2. A temporal dimension, in which the concept of escapability of costs is introduced. The introduction of this concept allows the study of costs out of the framework provided by the variable/fixed concepts, turning all the operational costs escapable in different points of the future.

4.3 Methodological approach for the case study

In this case study, the supplier operating costs of the operator - which are clear defined in the UNITE Interim Report 6.2 - are analysed by the application of a methodological approach based in the Allport's costing model. Two main criteria were considered in this decision: availability of data at low cost and easiness of understanding cost calculations. 

The model developed in this case study has two dimensions:

· A functional dimension, in which the supplier operating costs are assigned according to a series of cost drivers. Thus, costs caused by vehicle.km are allocated to vehicle.km, those by train.km according to train.km, those by passenger.km allocated to passenger.km and those by fleet size allocated to the peak.vehicle per annum.

· A temporal dimension, in which the concept of escapability of costs is introduced, corresponding to the time allocation of the supplier operating costs. The very short term corresponds to a possible scenario of instantaneous capacity increase, and can be translated on a daily basis. It corresponds to short time periods where reinforcement of operational staff shifts or small production adjustments may have occurred. In this case, the operator structural capacity remains the same. The short term should be considered when a permanent capacity increase must be provided. If it is assumed that changes on the service do not change the economies and production conformation of the operator (not implying a structural change) then we can admit that there is no change on long run costs. The long term is related to important capacity increases (analysed at the light of the operator’s dimension), that imply structural changes, including additional support staff, more logistic facilities or building of new stations. In this context, the correspondent costs should also be accounted as additional capacity costs. However, in this case study only one year of operation is analysed so it is not possible to calculate incremental changes. Thus, the average variable costs will be considered in the assessment of the marginal cost proxies. 

The costing model elaborated for the case study is described in table 1. It is important to stress that the inclusion of the cost elements contained in the matrix was the result of an exhaustive analysis on the operator SOC. The criteria for mentioning some elements instead of other were the relative weight in the global SOC context and confidentiality of data.

Table 1 Case study costing model – allocation of costs categories.
Case study costing model  - allocation of costs categories

Case study costing model (based on Allport model)
	Traditional classification
	Timescale of escapability
	Per Veh km*
	Per Train km
	Per Passenger km
	Per Peak Veh per annum



	
	
	Traction power
	Drivers wages (variable component)
	Bus feeder
	

	
	Very short
	Maintenance staff wages (variable component)
	Other operational staff wages (variable component)
	Commercial staff wages (variable component)
	Rolling stock cleaning

	
	
	Spare and maintenance materials
	Administration staff wages (variable component)
	Communications (stations)
	Civil responsibility insurance

	Variable
	
	Training of maintenance staff
	Uniforms cleaning (operational staff)
	Station water consumption
	Insurance for rolling stock

	
	
	
	
	Station cleaning
	breakdown

	
	
	
	
	Ticket machines maintenance
	

	
	Short
	Gas & Electricity – maintenance
	Telecommunications package (trains, traffic control, etc)
	Marketing
	Rolling stock depreciation

	
	
	Fluids
	Training of drivers and other operational staff
	Bank expenses (commissions related to
	

	
	
	Tools depreciation
	
	ticket sales)
	

	
	
	Other regular maintenance
	
	Training of commercial staff
	

	
	
	
	
	
	

	
	
	Maintenance staff wages (fixed
	Drivers wages (fixed component)
	
	

	
	
	component)
	Other operational staff (fixed component)
	Commercial staff wages (fixed component)
	

	
	
	
	Office equipment
	
	

	
	
	Rent of
	Office consumables
	
	

	
	
	maintenance
	Cleaning (administration)
	
	

	
	
	buildings
	Vehicle depreciation
	
	

	
	
	
	Security
	
	

	
	
	
	Vehicle leasing
	
	

	
	
	Communications-maintenance
	Office staff wages (fixed component)
	Security-stations
	Rolling stock garaging

	Fixed
	Long
	
	Communications
	
	(rents)

	
	
	
	Computer assistance
	
	

	
	
	
	Insurances for losses in exploitation
	
	

	
	
	Depreciation of
	Vehicles insurance
	
	

	
	
	maintenance

building
	Depreciation of administration building
	Depreciation and rents of stations
	

	
	
	
	Repair and maintenance of adminsitrative facilities
	
	

	
	
	
	Travel insurance
	
	


*Note that a ‘vehicle’ in this case study is in fact a 4-car multiple unit accommodating 600 passengers.

The results obtained by the application of this model give us a clear indication on the relation between the SOC inputs and the relevant output measures, i.e. the value of the average costs for each cost category.  

The calculation of the marginal costs is made considering only the variable costs and assuming that:

(i) The marginal cost of a vehicle.kilometre is the average cost per vehicle.kilometre.

(ii) The marginal cost of a passenger.km is the average variable cost per passenger.km.

(iii) In off-peak the operation, i.e. the train, is run by only one vehicle (one electric quadruple unit) and in peak, the operation, i.e. the train, is run by two vehicles. If we assume that the peak vehicle requirement is so outstanding that all fleet size related costs (capital costs of rolling stock are included) should be charged to the peak demand, it will be possible to calculate the marginal cost proxy of a train in peak and in off-peak.  

Thus, the marginal cost proxy of a train in peak is given by the following expression: 
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The marginal cost proxy of a train in off-peak is given by the following expression:

[image: image134.wmf](

)

564

.

165

2

99

.

20

253

.

0

806

.

0

2

´

+

´

+

´

=

peak

AVC


AVC peak= = average variable cost per train in peak

AVC off-peak= average variable cost per train in off-peak
AC  v.km. = average cost per vehicle.km

AC t.km = average cost per train.km
FS = fleet size related costs

AC peak = average cost per peak vehicle per annum

n= number of vehicles in the composition 

D= line distance (Km)

In short, it is the fleet size related costs, i.e. those under the heading per peak.vehicle per annum, that allow for the differentiation between peak and off-peak period. Vehicle costs are the same as carriage costs (in this case study UQEs) and train costs are those incurred when a connection is made, independently of the number of carriages. In the calculation of the passenger.km indicator it is only included the part of the costs are considered to be directly related with variations in the passengers.km output. To compute the price relevant AVC for a passenger.km trip, in peak and off-peak periods, one can use the following equations:
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where variables coded with index 0 refers to off-peak and 1 to peak and

AVC= price relevant average variable cost per passenger.km

d = distance of the trip (km)

AVC= average variable cost per train 

AVCp.km= average variable cost per passenger.km

( = average occupancy rate 

s= seats per vehicle

n= number of vehicles in the composition (train)

Because average variable costs were used as a proxy for marginal cost, some theoretical aspects should be highlighted:

· The average variable cost function measures the variable costs per unit of output. Starting in a zero level of output and considering the production of one unit of output, the AVC is just the variable cost of producing this one unit. If more units are produced one could expect that, at worst, AVC would remain constant. If production can be organised in a more efficient way as the scale of output is increased, AVC might even decrease initially. However, the fixed factors will eventually constrain the production process leading to the increase of AVC. (e.g. workers that are paid overtime to operate machinery nearer to its full capacity and more has to be spent on maintenance).

· The marginal cost function measures the change in costs for a given change in output. One can present the definition of marginal cost in terms of the variable cost function. 
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This is the same to say that MC is the increase in total cost associated with a one unit increase in output. Then, when the firm is producing in a range of output where AVC’ are decreasing, it must be that the MC are less than the AVC in that range. Similarly, if the firm is producing in a range of output where AVC’ are rising, it must be that the MC are greater than the AVC. In short, AVC=MC at the first unit of output and at the minimum of the AVC function. 

In the Lisbon case study, the necessary condition for MC=AVC is that the operator is producing at a level of output where AVC is minimum.

Due to the fact that just one year data is available the results are strongly dependent on the model timescale, i.e. on the classification made by the analyst. Provided that data is available fore more than one period it will be possible to compute MCs taking the increments in TCs over respective increments in outputs, overcoming this problem. Also note that with one year data the method does not allow for constant returns to size, unless fixed costs are zero. Again, an extended data set will solve this problem.
Considerations on cost analysis and classification

· Regarding the personnel wages the following points should be referred:

· The fixed component comprises the base salary, exemption of work schedule, allowance for fails, holidays, shift allowance, social security, etc. 

· Among the variable component are the extra hours, night shift allowance, allowance for expenses, etc.
· The maintenance personnel costs (basic staff and technicians) are classified in the vehicle.km category. Drivers, traffic co-ordination staff and administrative staff costs (secretaries, technicians, management, etc.) are within the train.km category. At last, in the passenger.km category we have the costs related to the ticket inspection personnel and the sales workers (box-office).
· Because of the human resources policy followed by the company, the employees have a permanent relation with the company, i.e. the rule is that no temporary staff should be hired. 
· Different personnel costs require different classification according to the time escapability concept. Thus, costs related to the staff affected to operational functions (maintenance, drivers, commercial staff, traffic co-ordination) are classified in the very short and long run while the costs of the staff affected to administrative/management functions are classified in the short and long run.

· Although it was possible to identify costs related to the use of the infrastructure, these are not included in the analysis because they seem to be based in contractual payments rather than real costs.
 

· Vehicle garaging was estimated because no disaggregated data were available from the operator accountancy.

4.4 General comments

All the cost and production data used in this work were kindly provided by FERTAGUS. The cost data for 2001 operations were obtained from the provisional budget for the year, allowing a high level of disaggregation and a deep knowledge of the composition and characteristics of most operational costs of the company. The major part of the service output data was also estimated by the operator. However, it should be stressed that some data is information already validated by the operator before the production of this case study.

As the monetary units of the operational cost data were expressed in current ‘Escudos’, it was necessary to transform the data in order to present them in constant Euros of 1998, the price base year. The sources for the indexes used to convert the data into 1998 constant prices were:

· For 1999, Valuation Conventions for UNITE’ project (source, OECD Economic outlook June 2000).

· For 2000, INE (National Institute of Statistics).

· For 2001, Portuguese National Budget (Economic Research and Forecasting Department) 

The values used are shown in table 2.

Table 2 Price inflation in % change from previous year.

	
	1999
	2000
	2001*

	Portugal
	2.6
	2.9
	3.1


* Forecasted value contained in the Portuguese National Budget 

Although provided by three different sources, the three values form a uniform index as they present the same measure of inflation, the percentage of change in prices from previous year.

The final calculation required was to transform the data from Escudos to Euros
. 

The FERTAGUS production data are presented in:

(i) number of trains in off-peak

(ii) number of trains in peak

(iii) number of vehicles in peak

(iv) total veh.kil

(v) total train.kil

(vi) total passenger.kil

 The unit of production of the firm is the “UQE”, an electric train in a four coaches configuration and this is the unit that we consider as “vehicle”. As the firm is at the moment using the maximum capacity of the line
 in the peak, the only way to increase the production in this period is to configure a train with two UQEs. This is, a train in an eight coaches configuration, or a double composition. Other important point is that FERTAGUS does not run partial service, i.e. all the trips serves the entire line (7 stations), so it is possible to assume that each vehicle runs 20.99 Km in each trip.

5. Results

The disaggregation of the FERTAGUS supplier operating costs was done using the costing model previously explained. In first place, table 3 and figure 2 show the absolute and relative results disaggregated by cost category. 

Table 3 Allocation of total costs per UNITE category, 2000 and 2001.


[image: image46.png]Cost disaggregation by production factors (based on Allport model) - 2001

escale of Veh.km Trainkm | Passengerkm | Flestsize | roo.
escapability | related costs | related costs | related costs | related costs
Very Short 798,099 93,345 104,009 241035 1,236 489
Short 296,808 211214 1425430 2189209 | 4102852
Sub-Total VS+S | 1,094,907 304,560 1,529,439 2410244 | 5339151
Long 483,185 2,008,587 1527 883 52,109 4089444
ToTAL 1578072 2311147 3057023 2462353 | 9408534

Unit: Euro 1998





In short, the results show us that:

· The passenger.km is the most important category with a total value of 3,057,023 Euro. 

· The veh.km is the less important category with a total value of 1,578,072 Euro.

· Regarding variable costs it should be stressed that fleet size related costs present the highest value (2,410,244 Euro) while train.km costs present the lowest value (304,560 Euro).

It should not be forgotten that the operator is just in the third operational year, which implies that some cost categories could present higher values due to investments that are typical in take-off years.

Figure 2 Relative cost disaggregation by production factors.
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As depicted in the table above, the relative weights vary from 32% for passenger.km costs to the lowest value of 17% for the veh.km costs.

Now, that we have the cost inputs associated to the production of the service, the next step towards the estimation of the marginal costs is to know what are the output values of the service production. Table 4 e 5 shows the production outputs provided by the operator. As for the cost data, the 2001 values were forecasted by FERTAGUS (from the planned scheduled timetable), except for the passenger.km values, which presents real values from January to July.

Table 4 Total service outputs - trains in off-peak, trains in peak, vehicles in peak, total trains, veh.km and train.km. 


[image: image48.png]Service Output - 2001

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dez | Total
Trains in off- 013
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Totaltrains | o3y | yoon | 4g72 | 4488 | 4830 | 4916 | 5184 | 5184 | 4754 | 4830 | 4850 | 4584 | 5712

produced
Vehkm [108,770 | 96,428 | 113,346 | 103,775 | 112,464 115,151 | 122,666 | 122,666 [ 114,479 | 119,853 | 115,235 | 113,010 | 1,357,843
Trainkm | 101,382 | 90,047 | 102,263 | 94,203 | 101,382 [ 103,187 108,812 | 108,812 | 99,786 |101,382 | 97,604 | 96,218 | 1,205,078

*the same as the number of vehicles





Table 5 Service output in passenger and passenger.km.
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P [ 1182026 | 1119432 | 1219547 | 1,179,200 | 1260548 | 1,203,441 | 1,140,656 | 957543 | 1206516 | 1,369,957 | 1410925 | 1364922 | 14514724
P.Km |16 505,708 | 15,739 447 | 16,989 555 | 16,478,441 | 17,608 534 | 16,924,224 | 16,134,050 13 670 242 17 101,045 19,299 191 | 19,760,416 19,292,495 | 205,603 697





In synthesis, the most important conclusions to drawn from the two tables above are:

· The total number of trains to be produced in 2001 is 57,412.

· The total number of trains in off-peak is 50,134 and is equal to the total number of vehicles in off-peak. The months where the production was higher are July and August with 4,524 trains.

· The number of trains in peak is 7,278 while the number of vehicles is the double (14,556). This is due to the solution applied by the operator to manage capacity changes. The month presenting the highest production in peak is November (1,680).

· Total veh.km is 1,357,843 and total train.km is 1,205,078.

· The total value of passenger.km expected for 2001 is 205,603,697.

Using the costing model and the data presented, we are able to calculate the average SOCs of FERTAGUS. The results are depicted in table 6 and figure 3: 

Table 6 Disaggregated supplier average costs.

Disaggregated supplier operational average costs - 2001

	Timescale of escapability
	Per Veh.Km
	Per Train.km
	Per Passenger.km
	Per Peak Vehicle



	Very short
	0.588
	0.077
	0.001
	16.559

	Short
	0.219
	0.175
	0.007
	149.025

	Sub total VS + S (variable)
	0.806
	0.253
	0.007
	165.584

	Long
	0.356
	1.665
	0.007
	3.580

	TOTAL
	1.162
	1.918
	0.016
	169.164


Unit:  Euro 1998
The average variable cost per peak vehicle per annum is 165.584 Euro and will provide an important input for the assessment of the marginal cost per train in peak.

Regarding the Km dependent average costs it should be noted that the lowest variable value is found in the passenger.km related costs and the highest variable value on the vehicle.km related costs.

Figure 3 Relative average costs according to the timescale of escapability.
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Having the results for the average costs, we can now proceed for the calculation of the marginal cost proxies.

· 
· 

· AVC per veh.km* 0.806 Euro

· AVC per passenger.km 0.007 Euro
· AVC per train in peak and off-peak -
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Thus, we have the following results:
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The next table shows the total average cost values, as well as the values for the ratio AVC/AC.


[image: image53.png]Average costs and ratio AVC/AC
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AVCAC | 089 013 050 07 0.6 0.44
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Considering that the round trip length is 20.99 km, that each 4 car unit has capacity for 1200, so the capacity of a train is 2400 and assuming a maximum load factor of 50%, we can derive the following marginal costs:
	
	Marginal Cost (Euros)


	
	 per train.km
	per passenger km

	peak
	17.640
	0.0216

	off-peak
	1.864
	0.0086


*each vehicle is in fact a 4 car multiple unit

6. Conclusions

The values for the marginal supplier operating costs obtained in this case study traces a picture of the overall performance of the train service provided by FERTAGUS in 2001. They are valid for the particular case and its use as a guidance tool for other operators should be cautiously considered as they reflect only one period of operations. Moreover, the operator started the production of the service mid-1999 and is entering now in the cruise period. Thus, some operational adjustments are still taking place during this initial phase of the service and introduce an important distortion in the calculation of the marginal costs. The transferability of the estimated values of the marginal costs is very limited, for comparability purposes, as we are dealing with a too specific situation: a rail operator in the first stage of life of the service. However, the values obtained could be useful in providing a rough guidance to future train operations characterised by the accountancy separation between infrastructure and operations. This methodology assumes at the outset the availability of a large data sample.

On the other hand, the methodological approach is totally transferable and it is ready to produce values that could serve as guidance for other railway operators and for operators of other modes. The success in the transferability and in the results will depend on the quality and amount of data analysed. Ideally, the use of this model to analyse time series of cost data could offer good disaggregated series of marginal cost data as long, with a high level of disaggregation in two very interesting dimensions: the classification of SOC by production factors and by escapabilty of costs. 

For transferability purposes each case requires an in-depth assessment of costs characteristics in terms of escapability as this concept depends on a number of factors, such as: labour legislation, contractual obligations with rolling-stock suppliers, etc.
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Swedish Rail Case Study
1 Preface
The present report is based on a case study of the Swedish railways, which have been used for two different work packages, wp6, which deals with the supplier’s marginal cost, and wp7 which deals with the user costs and the implication of the ”Mohring effect” for the price-relevant marginal cost. As is discussed in greater detail later on, these two aspects of the cost structure are quite interrelated, which means that the model applied for the cost analysis should treat both aspects together: this has been done in the present case. This report is to some extent similar to the report of our contribution to wp7. However, the present report is focused on the estimation of the supplier’s marginal cost.

2 Summary

The theory of the price-relevant marginal cost (MC) of passenger train services works most smoothly in practical calculation for such train transport, where train size (length) is adjustable, i.e. carriages can be added to, or uncoupled from the train in a marshalling yard during night. Therefore we have chosen as case study the flexible-formation intercity train services that remain on many railway lines in Sweden. On the fat routes the fixed-formation fast train, X-2000 is nowadays the main alternative. 

When it comes to MC calculation for flexible-formation trains, the best approach for long-distance train transport is to calculate MC by assuming that additional passenger demand is met by vehicle size increases. This approach avoids the difficulties of user cost estimation, because the frequency of service can be assumed unchanged when the transport volume is increased. The only more demanding bit in the calculation of the incremental cost of adding another carriage to a train is to find out how energy cost develops as a train is made successively longer. In a joint study with SJ, it was found that, given train speed, energy consumption will increase linearly with train length in the whole range of observations. Then the price-relevant cost can be formulated in a very simple way. In the normal case the least unit of supply is another carriage carried from the point of departure in the morning to the final destination, and back again in the evening. The incremental cost of producing this additional capacity constitutes the numerator of the price-relevant marginal cost proxy, and the number of additional passengers thus accommodated constitutes the denominator:
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(1)

MCti   =
pricing-relevant marginal cost per occupied seat day t train departure i 

(t=1,…,365, and i= 1,…,m)

(ti     =
opportunity cost day t train departure i of the marginal carriage

bti      =
time cost of carriages including capital cost (rent), guards' wage costs, and the

cost of cleaning per round voyage

k       =
number of round voyages per traffic day made by each train

c       =
distance-dependent cost per carriage-km

D      =
line distance (one round voyage)

n     =
number of seats per carriage

(     =
occupancy rate

The first term of the numerator of (1) is the time-cost for the rail service operator, and the second term is the kilometer-cost. The main items of the time-cost are the carriage capital cost, and the guard's wage cost. A third minor item is the cost of tidying up the carriage after a completed round voyage. The kilometer-cost consists of carriage maintenance and repair costs, energy consumption, and rail track charges. To deal with the capital costs in a way that makes sense from an economic point of view, it can be assumed that the railway line operator rents the rolling stock from an independent carriage-leasing enterprise on a daily basis (shorter terms of a lease are unpractical). The rent paid per day, r t varies depending on the total demand of all the different line operators, and the total supply of the carriage-leasing enterprise. The objective of the latter is to adjust the supply so that summed over all active (rent-)days of a year (
[image: image56.wmf]»

 320) the rent income per carriage will be equal to the annual capital cost, R.
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(2)

The number of engines and carriages on a particular line can thus only be changed from one day to another. An efficiency condition for each individual line is then that each day the rented number of carriages should be distributed between m trains such that the capacity utilization is constant. This means in turn that the opportunity cost of a carriage, (ti is the same for every departure, i on a particular day, t, and equal to the rent, rt. On the further assumption that the wage cost per hour is constant, and the cost of cleaning is the same for each carriage round voyage, the total time-cost, bti of an additional carriage will be the same for every departure on a particular day.

bt1 = bt2 = bti…=btm = bt




(3)

The stochastic element in rail travel demand is substantial, so a very high occupancy rate should not be aimed at. The mean occupancy rate of SJ's trains is currently about 1/3, but it varies systematically in different sub-markets. By eliminating the systematic differences by means of peak-load pricing, aiming basically at equalisation of the train occupancy rate in time and space, it should be possible to raise the mean occupancy rate to at least 1/2, which would be a very considerable improvement.

From the manual for railway investment cost-benefit analysis issued by the Swedish Railtrack (Banverket, 2000), we can put representative figures in the MC expression (1) above to get an 

average value of the price-relevant marginal cost:

Time-cost per average service day, b 
= Euro 576
Of which 
carriage capital


cost (rent) per


service day,  and  



the cost of storing 


carriages during 


night

= Euro 347


guard's wage,


cost per


carriage-hour
= Euro 22


cost of tidying


up per carriage-hour
= Euro 3

Distance-dependent cost per

carriage-km (assuming that voyage

speed V = 90 km/h), c

= Euro 0,38 
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(4)

Setting ( = 1/2, and n = 60, and expressing the average value of MC per occupied seat-km, i.e. passenger kilometer, the following value is obtained for the long-distance route between Stockholm and Sundsvall (k = 1, and D = 816 km)*.
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(5)

This average value conceals wide variations in the price-relevant marginal cost both in time and space. The main benefit of proper marginal cost pricing of rail passenger transport would be due to the peak-load price structure.

Peak-load pricing in time and space
The first demand equalisation to aim at should be to make Monday - Thursday and Saturday (off-peak) level of demand nearly equal to the Friday and Sunday (peak) level.

With the price-elasticities found in previous rail transport research (Jansson et al. 1992), it can be concluded that rt = 0 on off-peak days, i.e. if carriages could be used for free on off-peak days, and off-peak fares were based on just the distance-dependent cost component, cD of the price-relevant cost, the level of demand would just fall short of the peak level as it would be when peak traffic alone pays the carriage time costs.

A reservation has to be made, however. On the line of the case study (Stockholm - Sundsvall) our demand data are not detailed enough for calculating cross-elasticities between days of the week. The same aggregate own-price elasticity was used for each day, and only the current differences in the level of demand on different days of the week (see figure i) have determined the result.
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Figure i 
Rail travel between Stockholm and Gävle on different days of the week

On the assumption that the "peak vehicle requirement" is so outstanding that all capital costs of the rolling stock should be charged to the peak demand, the total time-cost of an additional carriage should be differentiated between peak and off-peak days in the following manner, assuming 320 days of operation per year of each piece of the rolling stock. 
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(7b)

Now also the price-relevant marginal cost can be differentiated between peak and off-peak.
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                 (8b)

With the general parameter values for (, n, and V given above, and by setting k= 1 and D = 816 kilometers to replicate the Stockholm - Sundsvall line, the result is as follows:

MCpeak = Euro 59




(9a)

MCoff-peak = Euro 18




(9b)

The second demand equalisation to aim at should be to level out spatial peaks and troughs. The costing problem in this connection is, obviously, how to allocate the price-relevant marginal cost of a full round voyage to s line segments between successive pairs of stations. Strictly speaking the marginal cost of travel along a particular line is zero up to the practical holding capacity limit of the marginal carriage (= (n), since the opportunity cost of empty seats are zero. The aim should be to achieve full practical capacity utilization on every line segment by spatial price differentiation. The corresponding optimality condition can be formulated in this way, where the segments of the line are designated 1… j … s.
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(10)

(t = 1 ……365)

(i = 1 ……m)

(j = 1 ……s)

The sum of the price-relevant marginal costs of the individual line segments of one particular round voyage should be equal to the price-relevant marginal cost of the whole round voyage, and since the carriage time-cost, as stated in expression (3) above, is the same each round voyage on a particular day, which also goes for the distance-dependent component cD, the sum of the  line segment costs is equal to MCt.

The ticket price of a particular journey is obtained by summing up all line segment costs involved. The basic rule of thumb is that individual line segment prices should be determined such that the expected occupancy rate equals the target value of ( everywhere all the time. The only exception to this rule is when a zero price still leaves the level of demand below this target.

It should also be remembered that the total traffic operation costs of the line concerned, which are considered in the present model, do not comprise all costs of relevance for calculating the optimal ticket price. Rail track charges station service costs, and the overhead costs of the central administration and various staff functions are not considered. Rail track charges are considered in another work package, and to find the price-relevant marginal costs of the link of the transport chain constituted by the station service requires a separate model, which is beyond the scope of this project. We have neither any new evidence for shedding light on the eternal question of the pricing relevance of the overhead cost. Let us just observe that for the Swedish railways, a price level equal to MC for traffic operations, excluding all overhead costs, would cover only half the total costs of the Swedish railways.

In conclusion, the main features, both regarding the supply, and the pricing of long-distance rail services aiming at social surplus maximization, can be summarised as follows:

1. The same time-table should apply in peak and off-peak.

2. Total round trip MC is the same for each train round a particular day.

3. Peak MC is more than three times higher than off-peak MC

4. The line segment price a particular round voyage a particular day is the price that gives the target occupancy rate (; a zero price means that the actual occupancy rate falls short of ( in spite of free passage of the line segment concerned.

5. The ticket price is calculated by summing up the line segment prices included in the trip in question.

6. Total revenue from MC-based pricing will cover about 50% of total railway company  costs.

3 Introduction

3.1 Definition of the price-relevant marginal cost

How is the price-relevant marginal cost (MC) of passenger transport by rail to be defined? The answer to this question is crucial for the methodological approach, and should be carefully developed. A preliminary answer is as follows: A necessary condition for social surplus maximization is that the price is equal to MC. Therefore a careful definition requires that an expression for the social surplus (= producer’s surplus + consumers’ surplus) is formulated, and the conditions for a maximum are derived. This procedure is accomplished in two steps. First the ordinary textbook case is briefly outlined for reference, and then the present case is introduced, where the distinguishing feature is that the concept of “generalized cost” (GC) replaces the ordinary price in the demand function.

In a simple welfare economic analysis the problem in a particular market is to determine total output and the corresponding price, which maximize the social surplus. The production function is written:
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(1)

Y 
= output

Xi 
= inputs, i.e. production factor quantities (i = 1… n)

The total factor costs, TC are written as the sum of the products of the factor prices, pi and the factor quantities:
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(2)

The quantity demanded of the product in question, Q is a falling function of the product price P: 
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(3)

social surplus = 
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(4)

The sum of producer’s surplus (the two first terms of (4)) and consumers’ surplus (the last term of (4)) should be maximized. For this purpose the lagrangian expression (5) is formed, which is obtained by adding the equilibrium condition demand = supply to the expression for the social surplus.


[image: image71.wmf](

)

(

)

(

)

(

)

[

]

å

ò

=

-

-

+

-

×

=

P

n

i

P

P

n

i

i

i

X

X

X

y

P

g

dP

P

g

X

p

P

g

P

1

ˆ

1

...

...

l



(5)

The factor quantities (Xi) and the product price (P) which maximize the social surplus are to be found. The firs-order conditions for a maximum is obtained by setting the corresponding derivatives, including the derivative with respect to the lagrangian multiplier, (, equal to zero:
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(6)
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From (6) and (7) the well known marginal cost pricing rule is derived: the price of the product should be equal to the ratio of the factor price to the marginal product of the ith factor of production. Note that i = 1… n, which means that the optimality condition is the same for all factors of production:
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3.1.1 The importance of fixed and variable factors

The exercise above shows, on one hand, that the price-relevant marginal cost can, in principle, be derived with respect to any of the factors of production involved, and on the other hand, that for a true optimum the result of the derivation should be the same. These findings can be extended, and generalized by observing that in common usage the general definition of marginal cost (as distinct from the specific concept of “the price-relevant marginal cost”) is simply the increase in total cost, dTC that follows from a relatively small increase in output dY, divided by the output increment, without any particular conditions as to how dY is obtained. By taking the total differentials of TC according to (2), and Y according to (1) above, and dividing one by the other, the following general marginal cost expression is obtained:
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MC stands for “marginal cost” irrespective of which factor increments are included in the general expression. The only requirement is obviously that the same factor increments should appear both in the numerator and the denominator. One would then have thought that MC could take almost any value. And this is true in fact, unless the initial position (i.e. the position before the factor increments came about) happened to be an efficient position, i.e. a total cost minimum for the output level in question. If it can be assumed that we are on the “expansion path” (where each particular level of output is produced at the least possible cost.), we can use optimality condition (6) above, and substitute  
[image: image78.wmf]i

X

y

¶

¶

l

    for pi in the numerator of the general MC expression in 

(11). This gives the following result. The star indicates that the marginal cost expression now deserves the prefix “price-relevant”, because it is now narrowed down to the marginal cost that should be equal to the product price in order to maximize the social surplus.
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No matter which factor(s) of production are changed (by a small increment), the marginal cost takes the same value, provided that the initial position is on the expansion path. For larger changes, however, the marginal cost expressions will start to diverge. A systematic pattern applies: the fewer factors are changed, the steeper the corresponding MC-curve will be. This is illustrated in the diagram below.
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Figure 1:
Marginal cost curves for different degrees of factor variability

The MC-curve marked (1) is one extreme case, where only one particular factor is changed. The other extreme case, the flattest curve marked (1…n), is obtained in case all n factors are assumed to be variable.

3.1.2 Replacing price by “generalized cost" in the demand function

So far we have dealt with an “ordinary case” of price theory. Now we are adding another ingredient, which makes the theory more relevant for transport services. The new assumption is that the inputs in the production function, X1 … Xi … Xn … also enter the demand function as determinants of the quality of service, which however is translated into user costs which together with the price, P, make up the “generalized cost”, GC.

ACuser = Z (X1, ..., Xi, ..., Xn)




(13)
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The production function is assumed the same as before, see (1) above. The total system costs now comprise both the total producer cost and the total user costs (Q ( Z). The quantity demanded is now a function of GC: 
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The lagrangian expression for social surplus maximization has the same structure as before (compare (5) above); the main difference is that GC replaces P. The diagram of figure 2 shows which entities make up the real net benefits for the transport-service users, from which the total producer costs are deducted to get the social surplus. Note that the axis are reversed compared to the usual price and demand diagram. 
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Figure 2:
Total real net benefits for transport users

Just like before the factor quantities (Xi) and the product price (P) which maximize the social surplus are to be found by setting the corresponding derivatives equal to zero: 
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From (18) and (19) the following optimality condition for the pricing is obtained 
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Observing that demand = supply according to (20), i.e. that Q = Y, the optimal price expression can finally be written like this:
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The two terms on the right hand side of (22) constitutes “the price-relevant marginal cost” in the present case (in spite of the fact that the second term is not exactly a marginal cost), because the price has to be set equal to this cost in order to maximize the social surplus.

4. Methodology

In expression (22) above, defining the price-relevant marginal cost, MCprod stands for the service operator's (the "producer" of the service) marginal cost, including external costs, which should be internalized by charges on the vehicle concerned, and ACuser stands for the average cost of the users of the service (= the private marginal cost). The total number of trips is Q, and the product of Q and the derivative of ACuser with respect to Q is the monetary equivalent of the change in the quality of service which is optimal to make following an increase in patronage, calculated per unit of additional traffic. In case the frequency of service is increased, this product is referred to as the "Mohring effect".

To obtain empirical values of MC a total social cost function is to be estimated, where "social" stands for the fact that four different cost bearers are involved: the producer or supplier of train services, the producer of infrastructure services, the user of train services, and "the environment", i.e. nature and human beings not directly involved in the transport system concerned, but receiving negative external effects of the transport production.

TC = TCprod + TCinfra + TCuser + TCext 




This speaks for complexity. A natural simplifying approach is to assume that each total cost function could be dealt with separately. In fact the aforementioned postulate that the external costs should be internalized by charges on the vehicles concerned, presumes such a division of labour. The relationships between TCinfra and traffic volume and other possible determinants, and between TCext and traffic volume and other possible determinants are taken for granted, and assumed to be the basis for proper charges, which are not questioned in this research. The remaining question is, however, whether it is possible and practical to deal separately also with the functions represented by TCprod and TCuser?

In the following case study it seems ill-advised to make this separation. The basic reason is that "the natural production function" for SPT-services includes both producer and user inputs.

4.1 Econometric versus engineering production and cost functions

Econometric work concerning SPT cost functions [see e.g. Harris (1977), Waters (1985), Jara-Diaz and Cortes (1996), and Oum and Waters (1997)] has been of great value in shedding light on economies of scale and density, which are an important counterbalance to the uncritical "linearization" typical of most cost accounting approaches. On the other hand, attempts to make use of econometric cost function estimation methods at the detailed level necessary for pricing purposes, have proved very difficult primarily for the following reasons:

(1) The output Q is in practice very heterogeneous, especially in goods transport. Also in personal transport the measurement of Q is problematic; trips are of different length, and trips between different origins and destinations and trips during peak and off-peak periods are not easily comparable so far as the applicable marginal costs are concerned.

(2) Accounting total cost data for cross-section, or time-series regression analysis are very difficult to delimit to the output measure chosen, and to get in a sufficient amount to run regressions. Moreover, accounting data are reflecting the real costs rather imperfectly in most cases.

(3) The quality of service of SPT is typically systematically different for different levels of output. This has to be adjusted for somehow or other. Otherwise a serious bias of the marginal cost estimation will occur. That is to say, there are serious pitfalls for an approach taking TCprod and TCuser separately.

Therefore, an alternative "engineering approach" is probably to be preferred for calculating useful marginal costs for pricing purposes. This boils down to starting from the "production function" as practical engineers and operations analysts see it, i.e. to focus on the relationships between output and inputs in terms of a specific technical description of the production process, and apply relevant factor prices to the resource requirements
.

In this case study two alternative approaches have been tried, one is a pure engineering approach which will be described in detail immediately below, and the other puts greater reliance on statistical cost analysis. Here just a very brief account of the basic idea of the statistical analysis of the production function of the Swedish railways is given.

4.1.1
Cross-section regression analysis of the rail transport production function

To be able to estimate by regression analysis a rail transport production function, cross-section data has to be relied on. Over time too little of factor combination changes happen. It is true that in the 1990s a new system of high-speed trains was introduced in the Swedish railway network, so today we have two parallell inter-city passenger services on some railway lines: fixed formation high-speed trains and flexible-formation “ordinary” inter-city trains. This is, of course, a very interesting technical and commercial development, but a single discrete jump from one technology to another does not make a sufficient data source for statistical curve fitting. On the other hand, by using cross-section data of each more or less separate railway line served by flexible formation trains as the observations – there are about 25 such useful observations of the Swedish rail transport system – there is at least one striking difference in the set of inputs between different lines, which could be significant factors in a regression analysis: the number of carriages and engines on individual lines differs greatly, and particularly interesting is that the ratio of the number of carriages to the number of engines, i.e. the average train length is also very different on different lines. 

We have worked in this field for a number of years (Ericsson, (1997), Molinder, (1998), Persson (1999)), and for the UNITE-project the idea was to examine how the Swedish railways takes the Mohring effect into account in the train formation and scheduling. Comparing different lines with widely different volumes of travel, the question was, what the trade-off between the costs of additional engines and the frequency delays of passengers looked like. The conclusion of this research, which also has given some interesting results in other respects, is that the price-relevant marginal cost is independent of the shape of the headway cost function in the case of flexible formation trains.

4.1.2
The engineering approach to marginal cost calculation

Applications of the engineering approach to the transport sector are rare in transport economics narrowly defined. The models of urban bus services, liner shipping, and railway passenger transport in Jansson (1984), OECD (1985), and ECMT (1998) can be characterized as based on the engineering approach. In very brief summary the basic idea in the present case is that a system of SPT production consists of a number of vehicles, which produce transport services along given routes according to a given time-table, and that the output of this production system can be increased in different ways, of which there are two main ways – increasing the number of transport vehicles (N) or the size (S) of vehicles. The simple, symbolic production function below can be used for illustrating this aspect.

Q = f (N, S, V, H, ()

Q =
number of trips 

N = 
number of equi-sized SPT-vehicles

S = 
vehicle size in terms of holding capacity (e.g. the maximum number of passengers)

V = 
speed

H = 
"handling capacity", i.e. the number of passengers boarding and/or alighting per unit of time

( =
occupancy rate (= holding capacity utilization)

By the engineering approach, general factor aggregates like "capital" and "labour" do not appear as arguments in the production function, but specific service production design variables as illustrated above. However, the unspecified production function above is of no further use. The next step is to translate industry-specific engineering knowledge into cost-output relationships. In the case of railway passenger transport this boils down to forming trains by combining engines and carriages of specified design, and rail transport systems by allocating trains to different lines, and different schedules, or time tables. One important input in this formation is user time and frequency delay, which constitute a total cost of an order of magnitude comparable to the total producer cost.

A basic efficiency condition for the transport system design is that the design variables should be chosen such that for each level of output, Q, the sum of the total producer cost (TCprod) and the total user cost (TCuser) should be minimized. This efficiency condition defines the "expansion path" of the production and total cost functions. For marginal cost calculations, it is important to note that along the expansion path the price-relevant cost, MC is independent of which (single) factor or design variable, or combination of factors or design variables are changed when calculating this cost. The relative order of magnitude of the producer and user cost components can, however, be very different. Let us illustrate this point by some examples:

(1)
Additional passengers ((Q) can normally be accommodated (almost) without any additional producer inputs, simply by increasing the occupancy rate, (. In particular in peak periods this cannot be done with impunity as regards the user costs. Hence MC will in this case solely consist of an occasionally high user cost component, representing queuing and/or crowding costs of passengers.

(2) Another, more regular way of accomodating additional passengers is to increase the number of vehicles (N). In this case the MCprod component will be fairly substantial, while the user cost component becomes negative due to general economies of vehicle number in the user costs (the "Mohring effect").

  (3)
A third possibility is to increase the size (S) of vehicles in order to take on more passengers. This would leave the user cost component in the price-relevant cost by and large unchanged, and only MCprod contributes to MC.

When it comes to flexible-formation trains both (2) and (3) are practically possible in the short to medium term. The least unit of supply is a round trip by a whole vehicle, or in the train case, a round trip by an additional carriage put on an existing train. The simpliest marginal cost proxy in rail passenger transport is therefore the incremental system cost of another least unit of supply, i.e. carriage, divided by the number of additional passenger trips produced by another carriage round. By "system cost" is implied that not just the cost directly connected to the vehicle/carriage itself – cost category (i) in the list below – is to be taken into account, but also all other possible cost changes caused in the transport system concerned. These may include:

(i)
traffic operation costs

(ii) wear and tear of the transport infrastructure used

(iii) congestion and accident costs caused to other vehicles in the system

(iv) user benefits, e.g. in the form of more frequent services (= the Mohring effect)

(v) so called overhead costs 

Cost category (ii) appears in the form of charges on vehicles; the underlying price-relevant costs of infrastructure use is a separate issue not dealt with here. The same goes for the congestion and accident costs.

Crew costs, vehicle maintenance and capital costs (which are both time- and kilometerdependent), and fuel costs are the main items of MCprod. Transport vehicles are obviously very mobile pieces of "machinery", and the full capital cost is a reasonable opportunity cost proxy, at least in the medium term. In case a whole new train is considered in the marginal cost calculation ( alternative (2) ( the Mohring effect is relevant. According to the marginal cost theory outlined in the introduction, the result should be the same in both alternatives. In the case study model below both alternatives are considered for illustrative purposes.

The most difficult question is how much, if any, of the total overhead costs is to be included in the traffic operation costs for calculating the marginal cost? In Jansson (1984), section 4.5 “The problem of the overhead costs”, this question is discussed at some length. Empirical evidence is cited, which speaks for proportionality in the long run between total overhead costs and the vehicle number of the fleets of SPT enterprises. Whether this is a sign that overhead costs represent capacity-raising, or primarily quality-raising factors is still an open question. 

In the application of the engineering approach in the following case study of the Swedish railways, a stylized model of a separate railway line is developed, which should be reasonably representative of a number of intercity rail services, where flexible-formation trains are employed. Where numerical values of the model parameters are used, they apply to the line between Stockholm and Sundsvall in the north of Sweden, before the introduction of fixed-formation high-speed trains on this line.

5. Results I: the level of the price-relevant marginal cost 

The case study results are divided into two parts: in this chapter a model is developed with the purpose of calculating the average level of MC, and in the next chapter the marginal cost structure in time and space is discussed with a view to designing a tariff of rail fares, which is reasonably faithful to the theoretical ideal, and still practical for both sellers and buyers of tickets.

5.1 Basic model of separate double-track railway line

To simplify symbols and formulas in the basic model as much as possible, no index is being used for either time period or for line segment. When we later discuss the price structure in time and space, the symbols will be further developed.

The symbols used in the basic model can be categorized as (i) line characteristics, (ii) demand and supply quantities, (iii) factor costs and prices and (iv) quality of service or passenger cost parameters.

(i) line characteristics
D
=
distance (one round trip)

(ii) demand and supply quantities
Q
=
g(GC) = transport demand in terms of number of trips as a function of the generalized cost, GC

(
=
average trip length

M
=
number of locomotive engines

N
=
total number of carriages

L
=
train length = number of carriages per train = N/M

k
=
number of round voyages per traffic day made by locomotive engines

F
=
number of departures per traffic day (=frequency of service); F = kM 

n
=
number of seats per carriage

Y
=
transport supply in terms of “seat-rounds” = nLF

(iii) Factor costs and prices
a
=
time cost of engines including engine-driver’s wage cost

b
=
time cost of carriages including guards’ wage costs

c1 
= 
“train-kilometre cost” (energy cost) = ((L,V)

c2 
= 
“carriage-kilometre cost”

c
=
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(iv) Quality and passenger cost parameters
V
=
running speed

T
=
total round voyage time

t
=
total station time per round trip

t0
=
fixed station time including time buffer

t1
=
variable station time

(
=
occupancy rate

v
=
v(() = time value per hour of travel on the train

h
=
h(F)
= frequency delay or “headway cost” per trip

The scheduled time in the timetable for one round trip includes two main components: running time and station time including retardation and acceleration time. Running time is given by the ratio of distance D and running speed V, which is assumed to be given in the model. The station time can be assumed to consist of two components: one constant, and one trip-volume dependent component. The latter component should, in principle, be dependent both on the number of passengers boarding/alighting each carriage, which depends on the occupancy rate, and on the number of carriages (given the occupancy rate).
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Railway people claim that t0 is by far the dominant component of station time. Given the occupancy rate the timetable is adjusted to the number of stops made at stations rather than the expected number of passengers. The amount of time allowed for boarding/alighting is fixed regardless of the train length and expected number of passengers boarding/alighting at each station (passenger inlets and outlets are proportional to train length). The time added to t0 is mainly considered as a time buffer to avoid delayed departures. This means that all three components of T are given in the model.

The total cost of the transport producer depends on the inputs of engines, carriages, staff and energy. The energy consumption depends on train weight, here represented by train length L, speed V, and line distance D. Staff inputs are in fixed proportion to the number of engines, and carriages, respectively.

It is possible to view the producer’s total cost as consisting of four components, which are proportional in turn to (1) the number of engines, (2) the number of carriages, (3) the number of train-km, and (4) the number of carriage-km.
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Besides the price of a ticket the passengers' generalized cost, GC includes various time costs. The cost of travel time on the train depends i.a. on the crowding, represented by the occupancy rate, ( . Of particular interest for our problem is the “frequency delay” or “headway cost”, h(F), which can be described as “the necessity to adapt to more or less infrequent departures”. As before we write GC = P + Z, where Z is the real part of the generalized cost. The total system cost is written:
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5.2 Conditions for social surplus maximization and the price-relevant marginal cost of a full round trip

Like in the previous model introduced in chapter 1, the idea is now to form an expression for the social surplus, which is to be maximized in order to derive the price-relevant marginal cost.

The lagrangian expression including the demand = supply equilibrium condition is written like this: 
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Factors influencing the capacity and quality of service include the number of engines, and the frequency of service F, the total number of carriages, N and the train length, L. The optimality conditions are obtained by setting the derivatives of ( with respect to P and the mentioned factors of production equal to zero.

First comes the pricing conditions, which gives us the optimal price in terms of the lagrangian multiplier, (
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Next the derivative of ( with respect to the frequency of service, F is set = 0. Note that an unit increase in F means a complete additional train including L carriages: 
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From this condition and the pricing-condition (28) a expression for the price-relevant cost of a full round trip, ( can be derived: 
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Setting the derivative of ( with respect to the number of engines, M equal to zero is a necessary least-cost condition for each level of output. 
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This gives us the central factor of the “Mohring effect”, 
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 in terms of certain producer costs, which makes it possible to reduce the expression for ( in (30). 
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There is also a necessary optimality condition as regards the input of carriages. Taking the derivative of ( with respect to the train length (= the number of carriages per train), L, and setting it equal to zero, gives us the expression:
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From (33) ( can be expressed in this way:
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As expected the same expression as (32) is obtained.

The lagrangian multiplier (, gives the price-relevant marginal cost per occupied seat for a whole round trip. The numerator of expressions (32) and (34) gives the time cost per day of an additional carriage per round trip (which is = b, in case k = 1), and the distance-dependent cost, which consists of two parts: one may also depend on the train length, and the other (c2) can be assumed to be constant per carriage-km.

The optimal price per passenger trip according to (28) equals ( times the fraction of the trip length of the round trip distance, (/D.

All the parameters of the above expressions for P and ( are fairly easily obtainable from railway cost accounts, except perhaps the derivative ((/dL, which stands for the additional energy consumption per round trip caused by adding another carriage to a train.

5.3 Energy consumption, number of carriages and speed 

As a general rule for different types of vehicles, the energy consumption per passenger- or tonkilometre is falling
 with vehicle size. This is true for road passenger vehicles (in the size range from mini-cars to large buses), lorries, ships, and aircraft. A special characteristic of trains in this connection is that when vehicle size, i.e. the number of carriages per train goes up, the engine is the same. The Swedish Railways has for quite some time been using a standard type of locomotive engine (RC-2) for intercity flexible-formation trains. These engines are relatively strong. They are normally used at night for drawing freight trains, which often include many more wagons than the passenger trains. The question is, if the “law” of decreasing energy consumption per unit of transport with respect to vehicle size still applies? It has been possible to examine this question by means of a simulation model developed by SJ. It was found that in a wide range of speeds (70 km/h – 160 km/h) the energy consumption per seat of a train drawn by a RC-2 engine is not falling with respect to the number of seats, but is constant. This is clear from the diagram of figure 3, where the relationship found between total energy consumption (Kwh) and the total weight (ton) of the train indicates proportionality for each given speed.

[image: image107.png]1)Kwh (Total) Energiférbrukning fér persontdg med RC-lok, givet
2)Has- olika hastighet och tagvikt, pd strickan Stockholm - Géteborg.
ligh.:l Energidtgingen vid start | Stockholm anges med siffror och
i) ingdr inte i de plottade energiférbrukningspunkterna. Tistighet
160 km(STh)
11000 120,45 M= 14,58
130 km(STh)
10000
Procentuell skillnad
120,45 i
. gidtging givet
000 M= 38,3k vid olika hastig-
het
8000 100 km(STh)
120,45
7000 M= 27,58
70 km(STh
6000 120,45
5000
100,90
4000 53,61
53,64
3000
53,6
2000
45,90
1000

100 300 500 700 ton




Figure 3:
Energy consumption versus train weight

On the above evidence, it seems justified to simplify the price-relevant cost expression by assuming the derivative of f(L,V) with respect to L to be constant, The function for the energy consumption of a train per kilometer is a linear relationship taking this shape: c1 = f (L,V) = (L, given the running speed. The derivative ((/(L is = (, and it is practical to merge the two constants in the (-expressions above to a single constant: 
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(35)

This means that the two distance-dependent cost components of the total producer costs in (24) above can also be merged, and a three-term expression for TCprod is obtained:

TCprod = aM + bN + cLFD




(36)

5.4 Comparison of P and ACprod: what would the financial result of optimal pricing be?

The corresponding simplified expression for (, i.e. the price-relevant marginal cost (MC) for a full round trip is written:
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The optimal price level per trip of an average length = ( is consequently:
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(38)

This expression for the optimal price can be compared to the average traffic operation cost, which is obtained by dividing TCprod by the total volume of travel, Q, in order to examine the financial result of optimal pricing. Alternatively TCprod can be compared to the product of P and Q, i.e. the total revenue in case the optimal price level applies.

TR = PQ = bN + cLFD




(39)
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It is easy to see what the financial result of optimal pricing would be: the total revenue would cover the carriage capital and running costs including the costs of the guards, but no contribution is obtained towards covering the costs of the engines and engine-drivers.

Let us reflect for a moment on this outcome. Can this seemingly special characteristic really be a general feature of train transport services? The intuition of the matter can be put like this: an engine can be withdrawn from the line without reducing the total transport capacity. The carriages left without motive power can be allocated to the remaining trains. What justifies the existence of the marginal engine is in fact only the service frequency benefits for the passengers. In optimum the costs of the engine and engine-driver saved should equal the increased frequency delay (headway costs) of existing passengers, or, reversely, the cost of an additional engine and engine-driver should equal the headway cost savings of existing passengers. If the additional engine is combined with another carriage, it is consequently only the incremental cost of the carriage, which is a net incremental cost in the system. 

5.5 Station service and overhead costs

It should be remembered that the total traffic operation costs of the line concerned, including rail track charges, and the cost of storing carriages during night which are considered in the present model, do not comprise all costs of relevance for calculating the optimal ticket price. Station service costs, and the overhead costs of the central administration and various staff functions are not considered. To find the price-relevant marginal costs of the link of the transport chain constituted by the station service requires a separate model. The eternal problem of the overhead costs has been discussed a little above. We have no new evidence for shedding light on the question of the pricing relevance of the overhead cost. Let us just observe that for the Swedish railways, a price level equal to MC for traffic operations, excluding all overhead costs, would cover only half the total costs of the Swedish railways.

5.6 Assuming fixed formation trains

The simple pricing rule of ”the average cost of the marginal carriage” may seem to be inapplicable in the case of fixed formation trains, that is trains which remain of the same size (=number of carriages) all the time. In Sweden the fast train  X-2000, introduced some ten years ago, and which has taken a substantial share of the total rail transport market, has six carriages which cannot be added to, or reduced in length. Since the fixed formation type of train becomes more and more common all over Europe, it is appropriate to say something about the applicability of our model results for that case.

The first, rather obvious point is that in case a fixed formation train is considered for introduction on just one particular line, say between the airport of the capital and the central city, the investor/operator should optimize the train size for this particular line before placing an order with a train manufacturer. In this case the present model is perfectly applicable, provided that the optimization has been well done, including been based on a traffic forecast which turns out to be correct. The price-relevant marginal cost can be calculated, either by taking the incremental capital and running cost per train of ordering a longer (by one carriage) fixed formation train, divided by the additional passengers per train, or by taking the capital and running cost of a whole train minus the “Mohring effect”, that is the product of the number of trips and the headway cost reduction per trip, Q ((h/(F) in the present model.

The problem of fixed formation trains appears when exactly the same train of a fixed number of carriages are to be used on several lines, where at least some lines are rather different as regards trip volume per km, and/or route distance. Then a compromise is necessary, which will mean that the trains are too long on thin and/or short-distance routes, and too short on fat and/or long-distance routes. In the former case the frequency of service will be too low, and in the latter case too high.

This will also mean that the price-relevant marginal cost is no longer constant, given the route distance, but will vary according to the following pattern.

The formulation of MC = P = ( in equation (30) on page 17 is relevant, since it has been obtained by assuming the addition of a whole train. This expression can be split into two parts like this:
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where the energy cost per train-km, c1 = f(L, V). Taking the expression (f/(L (LD) “out of a hat”, adding it to the numerator of the first part, and subtracting it from the second part we get this:
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The right-hand numerator is seen to be same as expression (31) on page 18, except that all signs are reversed. This expression gives the frequency of service optimality condition: The Mohring effect, Q((h/(F) should be equal to the engine cost per round voyage plus two energy cost terms working to offset one another. The cited empirical evidence in section 3.3 suggests in fact that they are exactly offsetting. Therefore we can finally write the two-term price-relevant marginal cost expression like this:

[image: image114.wmf])

40

(

,

nL

F

h

Q

k

a

n

cD

k

b

f

f

l

¶

¶

+

+

+

=


Where 
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, and since it was found, that the derivative of the energy cost per train-km with respect to train length is constant in the relevant range, the whole distance-dependent cost is constant per carriage-km.

In the flexible formation train case the second term of (40) is zero under the usual efficiency conditions. In the fixed formation case now under discussion, the second term will be different from zero on most lines: it is positive, where  the given train length is too short, and negative where trains are too long. As was mentioned, the train length which is the same on all different lines in the typical fixed formation train case, should be the best possible compromise between the specific requirements of thin, fat, short-distance, and long-distance routes. Therefore, the average price level of the whole system should come fairly close to the value of the first term of (40), which is applicable without reservation in the flexible formation case.

This statement does, of course, not imply that the second term of (40) should be ignored in the fixed formation case. On the contrary, the level of fares should be differentiated in accordance with the positive or negative difference between the engine cost (a/k) and the Mohring effect 
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 on each particular line. The headway cost value, and the shape of the headway cost function h(F) is the subject of the contribution from the Swedish rail case study to wp7. Now the present analysis goes on to considering the important case for price differentiation in the face of marked peakiness of demand in time and space.

6. Results II: The structure of the price-relevant marginal cost in time and space

So far only the level of the price-relevant marginal cost has been examined, represented by the incremental cost of an additional carriage round voyage divided by number of occupied seats. In the face of large both systematic and stochastic demand variations in time and space, the greatest costing problem of a non-storable service like rail transport has to do with the fact that the carriage time cost per day, b represented as a “capital cost” is really just an accounting convention. The real cost of an existing carriage of the rolling stock on a railway line is the opportunity cost, i.e. the value of its best alternative use. A basic assumption of the present model is that there is no alternative use during the current traffic day; a particular carriage belongs to a particular train all day.

The number of engines and carriages on a particular line can only be changed from one day to another. An efficiency condition is then that each day the given number of carriages should be distributed between the M trains such that capacity utilisation is constant. This means in turn that the opportunity cost of a carriage is the same for every departure, i on a particular day, t1 as shown in (41) below:

bt1 = bt2 = …bti …= btm = bt 



(41)

(t = 1 …365) and (i = 1 …m)
The stochastic element in rail travel demand is substantial, so a very high occupancy rate should not be aimed at. The mean occupancy rate of SJ’s trains is currently about 1/3 but it varies systematically in different sub-markets. By eliminating the systematic differences by means of peak-load pricing, aiming basically at equalisation of the train occupancy rate in time and space, it should be possible to raise the mean occupancy rate to at least 1/2, which would be a very considerable improvement.

The first demand equalisation to aim at should be to make the Monday-Thursday and Saturday (off-peak) level of demand nearly equal to the Friday and Sunday (peak) level. A representative example of the time profile of rail travel demand by day of the week in Sweden is given in Figure 4.

With the price-elasticities found in previous rail transport research (Jansson et al. 1992), it can be concluded that bt = 0 on off-peak days, i.e. if fares on off-peak days were based on just the running cost component cD of the price-relevant cost, the level of demand would just fall short of the peak level as it would be when peak traffic alone pays the carriage time costs. 

A reservation has to be made, however. On the line considered more closely in the case study (Stockholm – Gävle - Sundsvall) our demand data are still not detailed enough for calculating cross-elasticities between days of the week. The same aggregate own-price elasticity was used for each day, and only the current differences in the level of demand on different days of the week (see figure 4) have determined the result.
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Figure 4:
Rail travel between Stockholm and Gävle on different days of the week

The second demand equalisation to aim at should be to level out spatial peaks and troughs. The costing problem in this connection is, obviously, how to allocate the price-relevant marginal cost of a full round voyage to s line segments between successive pairs of stations. Strictly speaking the marginal cost of travel along a particular line is zero up to the practical holding capacity limit of the marginal carriage (= (n), since the opportunity cost of empty seats are zero. The aim should be to achieve full practical capacity utilization on every line segment by spatial price differentiation. The corresponding optimality condition can be formulated in this way, where the segments of the line are designated 1… j … s.
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(42)

(t = 1 ……365)

(i = 1 ……m)

(j = 1 ……s)

The sum of individual line segment price-relevant marginal costs one particular round voyage should be equal to the price-relevant marginal cost of the whole round voyage, and since the carriage opportunity cost, as stated in expression (40) above, is the same each round voyage on a particular day, which also goes for the distance-dependent component cD, the line segment cost sum is equal to MCt.

Within this framework the variations of MCtij can be very great indeed, from zero to the whole of MCt, i.e. the travel demand of a particular line segment could be so relatively low for a particular departure on a particular day that even a zero fare would not raise the level of demand to the practical capacity limit, or in the opposite extreme case, the travel demand could be so relatively high that the full MCt would be allocated to this "critical section", while the optimal fare for traversing all the other segments is zero.

0 ( MCtij ( MCt




(43)

We have not gone into this matter very deeply, and a lot remains to be done so far as the spatial differentation of the price-relevant marginal cost is concerned. We shall just take a rather typical example from the case study line between Stockholm and Sundsvall in the north of Sweden as it appeared before the introduction of high-speed trains. Dividing this line into three segments, the daily passenger flow at peak and off-peak times on the three segments used to be as follows:

Table 1:
Structure of daily passenger flow on three segments of the Stockholm-Sundsvall line (index)
	Line segment
	Fri, Sun
	Mon-Thur, Sat

	Stockholm - Gävle
	100
	53 

	Gävle - Söderhamn
	75
	37

	Söderhamn - Sundsvall
	45 
	 22


The peak/off-peak price differentiation described above would equalise the flow figures in each row of the table. To match spatial supply and demand better, the first step could be to make some trains from Stockholm turn around in Gävle, and some in Söderhamn. The next step towards spatial demand equalisation would then imply a price differentiation with the aim of making the occupancy rate equal on each section of the line.

6.1 Conclusions for tariff design

The price-relevant MC-structure may seem too complicated for practical application to rail fare tariff construction. However, one must not "make the best an enemy of the good". The broad lines of the optimal fares structure are clear enough. In the table below the appropriate format of a tariff of MC-based rail fares is given, which illustrates how the problem of tariff construction could be structured. The example represents a long-distance line, where each train makes just one round voyage per day: half the number of trains start at one end in the morning, and the other half start at the other end. The same time-table applies every day, because peak-load pricing has leveled out the weekly demand time profile. The systematic variations in demand during the day is in the first place met by corresponding differences in train length. The ticket price of a particular journey is obtained by summing up all line segment prices involved. However, it has been impossible to obtain sufficiently detailed demand information for any Swedish railway line to fill in all cells of the table, apart from the bottom row. The basic rule of thumb is that the line segment prices should be determined such that the expected occupancy rate equals the target value ( everywhere, all the time. The only exception to this rule is when a zero price still leaves the level of demand below this target.

Table 2:
Basic format for tariff of rail fares reflecting the structure of the price-relevant marginal costs; example of long-distance railway line (total round voyage distance = 816 km)

	LINE SEGMENT
	Friday, Sunday
	Monday - Thursday, Saturday

	
	daily departures
	daily departures

	
	1
	2
	…
	i
	…
	m
	1
	2
	…
	i
	…
	m

	1
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	
	
	
	
	

	j
	
	
	
	
	
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	
	
	
	
	

	s
	
	
	
	
	
	
	
	
	
	
	
	

	Full round trip MC in euro
	59
	59
	59
	59
	59
	59
	18
	18
	18
	18
	18
	18


Although most cells are empty, the table still illustrates the main features, both as regards the supply, and the price of a long-distance rail service aiming at social surplus maximization.

1) The same time-table should apply in peak and off-peak.

2) Total round trip MC is the same for each train a particular day

3) Peak MC is more than three times higher than off-peak MC

4) The line segment price a particular round a particular day is the price that gives the target occupancy rate (; a zero price means that the actual occupancy rate falls short of ( in spite of free passage of the line segment concerned.

5) The ticket price is calculated by summing up the line segment prices included in the trip in question.

In the case of railway lines served by fixed formation trains the same characteristics hold true. The peak/off-peak fares ratio would be largely the same, but as mentioned in section 3.6, the level of fares would differ depending on whether a particular line is less well suited for the chosen fixed number of carriages per train.

Will the fare structure be very complicated? So complicated that the users (passengers) will have difficulties grasping it?

No, at least not in the case of flexible formation trains. The main features of the tariff would be relatively easy to comprehend. However, although the total round trip cost structure is relatively simple, a problem for the travellers could be that the price of a trip from A to B could be very different from the price of going back again from B to A; single trip tickets rather than return tickets should be the norm. 

The optimal single trip fares would vary according to a pattern which passengers at present are not familiar with. First they have to get used to the idea that a return ticket price is normally not the sum of two single tickets of the same price. They have to learn that one leg can be much cheaper, or more expensive, than the other. And in addition there is no such thing as a fixed "back-haul" like in freight transport, because passenger routes are by and large balanced over the day. However, each particular train round voyage will often have markedly different levels of demand in each direction. If passengers learn to think of two separate single tickets, rather than of just one return ticket, it would not be very difficult to remember that being on the train during the local morning peak, or late afternoon peak, is more expensive than occupying a seat in the middle of the day or in the evening. In addition to these characteristics of the structure over time of the price-relevant marginal cost, there could be some markedly less demanded sections of a particular line for most of the trains, for example, in the middle of a long-distance line with two relatively big cities like Stockholm and Copenhagen at each end. There could also be a permanent markedly critical section, which would justify further spatial price differentiation.

In the case of fixed formation trains, one feature of the fares structure, which would be difficult to explain for the customers, is why fares should be exceptionally low on thin, short-distance lines, and exceptionally high on fat, long-distance lines.
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European Air Transport Operating Costs

1. Executive Summary

The aim of this work is to estimate marginal costs of European airlines in order to provide guidance for future pricing policies and monitoring. The set of air carriers selected consists of 13 airlines, most of them former flag carriers, observed during nine consecutive years from 1990 to 1998. In order to evaluate the quality of results, an additional control group of 9 airlines from North America will also be included.

The starting point of the analysis is the classification of costs. Airlines use their own classifications of costs which are the result of accounting practices, though they are also affected by the International Civil Aviation Organization (ICAO) regulations and recommended procedures. At ICAO the normal practice is to distinguish, first of all, between operating and non-operating costs, so as to separate costs derived from the main activity of an airline from those cost items that are generated at operations not related with its main objective. Operating costs are further divided into direct and indirect.

In addition to the distinction between direct and indirect cost, operating costs might be classified as fixed or variable depending upon its relationship with production. Given the ICAO categorization of costs it is not possible to disentangle all cost items, and then it is very difficult to separate strictly what is escapable or not in the short or medium term. However, as Doganis (1995) points out, as much as 90 per cent of total airlines costs can be varied in the medium term. This will be crucial for marginal cost calculations that are performed in this work.

Two main methodologies have been applied in order to estimate marginal costs. The first one is based on a disaggregated costs approach that distinguishes the four UNITE categories of costs (i.e. vehicle, service, infrastructure and administrative/commercial). The marginal costs is then estimated for each airline and for each regional sample, taking increments year by year since 1990 to 1998 and producing an average result for the whole period. As the ICAO data source does not exactly correspond with UNITE classification of costs, the first step within this methodology will be to establish such a correspondence.

The second methodology selected applies econometrics techniques that allow to estimate a system of equations that include a trans-log cost function and a series of productive factors share equations. This method would be more adequate in the sense that will take into account special features of each carrier as levels of activities, network size, stage length, factor prices and so on. However, it does not permit to separate by different type of UNITE cost categories, leading to a global marginal cost estimate related to all activities. By combining both estimation methods we will be in the position to test the robustness of marginal costs estimates.

Marginal costs estimates resulting from application of the first methodology lead to the following values:

	
	MC in terms of hours flown (€ per hour)
	MC in terms of available ton-km (€ per thousand ton-km)

	European sample
	14 815
	753

	North American sample
	7 087
	383


Marginal costs estimates resulting from application of the econometric methodology lead to the following values:

	
	MC in terms of hours flown (€ per hour)
	MC in terms of available ton-km (€ per thousand ton-km)

	European sample
	12 255
	644

	North American sample
	5 596
	399


Considering that the obtained results are finally very similar when calculated by any of the two methodologies, we can assume that other values per each UNITE category must be robust as well, in spite of  having been obtained as an average of few airlines’ costs. To this respect, it must be noticed that even that it is true that marginal costs provided by the first methodology are averages values from a few airlines, there have been an important filtering and dropping of observation process that will leave us only with valid observations.

Our results on marginal cost estimates have been calculated for European (or North American) airlines as a group, hence it is the marginal cost for an average European (North American) airline expressed in € per hour flown or per thousand available ton-km taking into account their whole operations network. Such estimate might be compared with the average revenue (yield) of the group in order to reach some conclusions about allocative efficiency in the markets. Nevertheless we have reached some degree of disintegration.

The disaggregated cost approach allowed us to separate by type of cost, and to obtain marginal cost estimates for different type of cost groups (i.e. vehicle, service, infrastructure and administrative cost categories) in absolute and relative terms. This methodology also led us to estimates of marginal costs for some particular airlines that provided enough data. This was the case of Finnair for all four UNITE costs categories, and for British Airways, SAS and Air France in some cases (see tables in Annex 1). A better quality of data on costs provided by North American carriers resulted in more individual estimates of marginal costs for this group. 

The econometric models support values of marginal costs obtained by applying the disaggregated cost approach. However its main drawback regards its level of aggregation. Again marginal costs estimates derived from this methodology are representative for each group of airlines, as it is the cost elasticity α1.  On the contrary, its main contribution regards the explanation of returns to density in the industry. There appear to be constant or rather slightly increasing returns to density. The presence of increasing returns to density appears to be more important in the case of North American carriers. These results are consistent with marginal and average values obtained with the disaggregated cost approach (see tables in Annex 1).

There is an important gap between North American and European Airlines costs, either in terms of marginal or average costs. Even taking into account the different economic environment in which the two group of carriers are operating, this result can be interpreted in the sense that there might be some scope for European airlines to reduce costs. However, in order to know the reasons behind such a different cost behaviour  a more detailed analysis is needed. There is also another gap regarding provision of cost data. In the case of European airlines there is a generalised lack of regular yearly data on all ICAO categories. This does not occur with its North American counterparts.

Regarding transferability, it is quite straightforward that both methodologies will be applicable to other modes of transport. Nevertheless, it will be desirable to have data available for longer periods of time, which will permit the application of both estimation methods with a greater degree of freedom. For the first methodological approach, it will result in average values of marginal costs derived from more airlines with valid observations, and for the second it will permit to obtain more efficient costs elasticities and hence marginal costs values. 

2. Introduction

The aim of this work is to estimate marginal costs of European airlines in order to provide guidance for future pricing policies and monitoring. The set of air carriers selected consists of 13 airlines, most of them former flag carriers, observed during nine consecutive years from 1990 to 1998 (although not all companies report data every year). In order to evaluate the quality of results, an additional control group of 9 airlines from North America will also be included.

Two alternative estimation methods will be combined: a disaggregated cost approach and an econometric modelling. As the former allows to distinguish among several costs items, whilst the last will only  provide marginal costs estimates for a group of airlines, though correcting values by carriers operating characteristics, it will happen that both methodological procedures will complement each other.

Data sources availability will constraint our results. Data on costs will be taken from International Civil Aviation Organization publication Financial Data. This provides data on total costs per each airline distinguishing among several cost items, though not separating by type of service activity (i.e. passengers and cargo) nor by type of network. Therefore the final value of marginal cost estimated in this work will have the following features:

· It will be the marginal cost of European airlines as a group.

· It will be provided in terms of hours flown and ton-km produced by airlines.

· Its robustness will be based on the fact that two methodological approaches will be applied.

· It will be comparable only with equivalent concepts of revenue.

2.1 The Nature of Airlines Costs: Categorization of Costs

The categorization of costs constitutes an essential task in an airline decision making process. It facilitates new investment valuation or the adoption of adequate pricing policies (Doganis, 1995). Classification of costs performed is the result of accounting practices, though it is also affected by the International Civil Aviation Organization (ICAO) regulations and recommended procedures. At ICAO the normal practice is to distinguish, first of all, between operating and non-operating costs, so as to separate costs derived from the main activity of an airline from those cost items that are generated at operations not related with its main objective or that do not have a close relationship with an airline typical operation of services. Financial costs, differences between equipment residual and market realization values, losses arising at money exchange operations or losses from affiliated companies, are all instances of non-operating costs. Operating costs are further divided into direct and indirect. Table 1 illustrates the classification of airlines’ cost

The distinction between direct and indirect operating costs derives from the fact that some costs might change with type of aircraft (direct), while other cost items would remain unaffected (indirect). However, not always the inclusion of operating costs inside those categories is a clear task, and some carriers might be even applying contradictory accounting rules. ICAO considers three main types of direct costs (flight operations, maintenance and depreciation), and five other categories as indirect cost (user charges, passengers services, ticketing and sales, general/administrative and others).

Regarding flight operation costs, the first component included is the flight crew personnel cost (pilot, co-pilot and flight engineer). Other elements considered under this heading are: aircraft fuel and oil, flight equipment insurance, rental of flight equipment, flight crew training (not amortizable) and other flight expenses. The flight crew cost is usually expressed as an hourly rate per type of aircraft, on the contrary, given that fuel consumption varies not only with type of plane and route length, but also with meteorological conditions and flight altitude, it is commonly presented on a route basis. The oil consumption is calculated according to type and number of engines, and it is also expressed as an hourly rate.

Table 1. ICAO Structure of Airline Costs

	Operating Costs
	Direct Operating Costs
	Flight Operations

-Flight crew salaries and expenses

-Aircraft fuel and oil

-Flight equipment insurance

-Rental of flight equipment

-Flight crew training (not amortizable)

-Other flight expenses

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	Maintenance and Overhaul

	
	
	Depreciation and Amortization

-Flight equipment

-Ground property and equipment

-Others

	
	
	

	
	Indirect Operating Costs
	User Charges and Station Expenses

-Landing and associated airport charges

-En-route facility charges

-Station expenses

	
	
	

	
	
	

	
	
	

	
	
	Passenger Services 

	
	
	Ticketing, Sales and Promotion

	
	
	General and Administrative

	
	
	Other Operating Expenses

	Non-Operating Costs
	Gains or losses derived from assets retirement

	
	Net interest payments

	
	Profits or losses from affiliated companies

	
	Government subsidies or payments

	
	Other non operating items


The flight equipment insurance item is relatively low, and can be calculated as a percentage of the purchase price. Insurance premia vary mainly with the geographical area where the airline operates, and may be converted into and hourly rate as well dividing it by estimated utilization block hours per each type of plane.

Flight equipment may be rented or purchased. If the carrier decides to rent it, the cost incurred into will be incorporated as a flight operation costs. It is important to note that in such a case the airline will face a relatively high leasing payment that will be reflecting interest levels and depreciation that the carrier would have had to face in case of purchase. So the typical situation when airlines choose to rent their flight equipment is to find smaller depreciation and financial costs than when the equipment is purchased. In fact, North American airlines include the rental cost under the depreciation heading.

The cost of flight crew training when not amortizable is also included as a flight operation cost. Finally, other flight operation costs will include all those components related to the flight or the aircraft waiting time that could not be incorporated into other flight operation cost elements.

The second cost item considered as direct is maintenance and overhaul. This heading takes into account the costs of personnel directly or indirectly related to the maintenance activity, costs of subcontracted services, spare parts, components and so forth. In order to express it as an hourly basis it is divided by block hours flown per each type of plane.

The third and last component of direct costs is depreciation and amortization, being the normal practice the application of a lineal amortization with a certain residual value. It may be translated  as a cost per hour in a similar way as indicated above. It should be pointed out that ICAO considers ground property and equipment depreciation as a direct cost, what might be inadequate unless such a equipment would be specific to a type of plane.

The first constituent of indirect costs, as ICAO advices, is user charges and station expenses. It includes airport charges like landing and parking fees, passengers and cargo charges, security charges, etc. It also incorporates en route charges that must be paid to the country whose air space the aircraft goes through. Landing and en route charges are commonly dependent on aircraft weight, hence, they should be given the consideration of direct rather than indirect costs. However, passengers and other airport charges do not have to do with type of plane, therefore as they are not directly related to the aircraft they should be considered as indirect. ICAO finally includes all airport and en route fees under the indirect cost heading, thought some of their components are clearly direct costs. Station expenses that arise as a result of the performance of handling services are given the consideration of indirect costs as well. It includes the handling personnel and ground equipment costs or payments for handling services contracted out.

Passengers service costs  are also indirect. They include  all those cost related to catering services and passengers comfort like cabin crew costs, meal costs, costs resulting from flight delays and cancellations, etc. Ticketing, sales and promotion items consider costs of the personnel involved in such activities, travel agencies commissions and advertising expenditures. Finally, the general and administration heading captures all those costs that can not be allocated to a particular area, and when there are costs that could not be fitted inside any of the examined categories, they will be included in the other cost entry.

2.2 Variable versus fixed airlines costs

In addition to the distinction between direct and indirect cost, operating costs might be classified as fixed or variable depending upon its relationship with production. Air transport companies produce air services for passengers and cargo, however when one tries to measure output several alternatives for the definition of airlines’ output exist. Available or performed passenger-kilometres, available or performed tonne-kilometres,
 number of hours flown, number of kilometres flown or number of landings, are all alternative measures of airlines output. Even assuming that the selected measure of production is adequate, the question of what costs will remain fixed when output changes and what costs will vary with it, does not have a simple answer. Therefore, it might happen that some cost items could be immediately escapable if a flight is cancelled and hence would be clearly variable (i.e. fuel, passenger meals, etc.), whilst other could be partly escapable but not totally. For instance, cabin crew subsistence and overtime costs could be escapable if a flight is cancelled, though fixed salaries could not be. In addition, some costs that are clearly fixed in the short run will become variable when a longer perspective is adopted. The schedule program of services might vary from one term to another, and therefore, by changing flight plans some cost components might be now escapable. For example aircrafts might be sold and, as a result, the depreciation costs reduced.

Given the ICAO categorization of costs it is not possible to disentangle all cost items, and then it is very difficult to separate strictly what is escapable or not in the short or medium term. However, as Doganis (1995) points out, as much as 90 per cent of total airlines costs can be varied in the medium term (a period of a year or so), either by discontinuing all operations or by a withdrawal or certain operations. This would be crucial for marginal cost calculations that will be performed later in this work.

2.3 The Data Set: Description and Treatment

The basic data set consists of a panel of 22 airlines and nine consecutive years from 1990 to 1998. As the aim of this case study is to estimate marginal costs for European airlines, the group of air carriers selected include 13 European carriers. In order to control results a second group of North American companies has also been analysed. Table 2 shows carriers’ main operating variables in 1998.

The data source for cost data is the yearly publication ICAO Financial Data. Data about airlines operating variables were obtained from the World Air Transport Statistics (WATS), that is published on a year basis by the International Air Transport Association (IATA). Finally, as ICAO Financial Data does not separate the personnel cost from each heading as presented in Table 1, data regarding airlines personnel and wages were obtained from the ICAO publication Fleet and Personnel. 

As Table 2 shows, the data set seems quite heterogeneous, either when comparing airlines or regions. Within the North American sample there are four carriers with more than 20,000 million Ton-Km (American Airlines, Delta, Northwest and United). In the case of Europe, only British Airways produces more than that value, though followed closely by Lufthansa. There are two other European airlines, Air France and KLM, that might be qualified as large too, and in the same output range (between ten and twenty thousand) as Continental and USair are.

Monetary data were deflated to 1998 prices by using each airline country GDP deflator. As cost data were found on original sources expressed in dollars, the change to Euros was carried out by applying the 1998 purchasing power parity rate of conversion Euro-Dollar. It is important to note that airline costs are partly international by nature, and hence, will have to be paid in dollars, whilst other costs items have to be assumed in national currency. If data would have been available in such a format, the correct way to proceed would have been to use the 1998 PPP Euro-Dollar for the former, and the 1998 PPP National Currency-Dollar for the later. Given that it was not possible to disentangle costs that have the dollar international reference from those that are national by nature, the method selected was finally the one just mentioned.

Table 2. Sample Air Carriers Operating Variables

	Region
	Airlines
	Avail.

Ton-Km 

(Millions)
	Departures
	Average Stage Length (Km/Departure)

	Europe
	Air France
	16,517
	402,394
	1,393

	
	Alitalia
	7,309
	277,009
	1,076

	
	Austrian
	1,420
	42,969
	1,499

	
	British Airways
	23,305
	325,455
	1,822

	
	British Midlands
	569
	93,938
	498

	
	Finnair
	2,338
	116,236
	884

	
	Iberia
	6,239
	227,222
	1,077

	
	KLM
	12,745
	156,694
	1,911

	
	Lufthansa
	19,653
	499,681
	1,168

	
	Olympic
	1,819
	90,710
	734

	
	SAS
	4,490
	334,871
	759

	
	Swissair
	6,889
	163,128
	1,332

	
	TAP
	1,830
	53,291
	1,463

	North America
	Air Canada
	7,846
	217,359
	1,534

	
	American Air.
	34,460
	791,825
	1,920

	
	Canadian
	5,461
	97,059
	2,135

	
	Continental
	13,146
	459,376
	1,663

	
	Delta
	29,655
	962,695
	1,324

	
	Northwest
	21,207
	538,948
	1,446

	
	TWA
	6,997
	279,442
	1,352

	
	United
	38,530
	801,879
	1,794

	
	Usair
	11,262
	707,108
	961


3. Existing Research Evidence

Most studies dealing with marginal cost estimation in air transport utilise and econometric approach. The starting point is to choose an adequate functional form that will reflect the behaviour of costs in the industry, being the translog specification the most common. It has been applied to the air sector by many authors.  Caves, Christensen and Tretheway (1984), McShan and Windle(1989) and Baltagi et al.(1995), are examples of translog cost functions specifications applied to analyse the US air industry, while Gillen, Oum and Tretheway (1990) have used it for the Canadian market.

4. Methodology

Two main methodologies have been applied in order to perform marginal costs estimates. The first one is based on a disaggregated costs approach that distinguishes the four UNITE categories of costs (i.e. vehicle, service, infrastructure and administrative/commercial). In this case the definition of marginal costs is the classical one:
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where TC is total costs, that in turn could be the vehicle, service, infrastructure or administrative/commercial costs, and X is any airline output measure used.

The marginal costs is then estimated for each airline and for each regional sample, taking increments year by year since 1990 to 1998 and producing an average result for the whole period. As the ICAO data source does not exactly correspond with UNITE classification of costs, the first step within this methodology will be to establish such a correspondence.

The second methodology selected applies econometrics techniques that allow to estimate a system of equations that include a trans-log cost function and a series of productive factors share equations. This method would be more adequate in the sense that will take into account special features of each carrier as levels of activities, network size, stage length, factor prices and so on. However, it does not permit to separate by different type of UNITE cost categories, leading to a global marginal cost estimate related to all activities.

By combining both estimation methods we will be in the position to test the robustness of marginal costs estimates.

5 Results

5.1 Disaggregated costs approach

As it was mentioned above, the first step within this methodology is to establish the correspondence between ICAO and UNITE cost classification. Such a correspondence is presented in Table 3. According to UNITE deliverable 3, there would be four different categories regarding the supplier operating costs. These are: vehicle related, service related, infrastructure related and administrative/commercial costs. As Table 3 shows, most items except depreciation of ground equipment and other elements, and the final heading of other operating expenses, have been incorporated inside the categories suggested by UNITE. With respect to vehicle related costs, the flight crew training cost, when it is not amortizable is left aside. The reason for this arises from the fact that when such expense is subject to amortization (and this is the airline`s own choice), it will be included inside the other depreciation component, what in turn, can not be isolated clearly in our data. So, it was preferred to leave the flight crew training costs completely aside instead of including only a part of it. Another important point to make regarding the vehicle costs, is that rental and depreciation of flight equipment are both to be included in order to avoid as much sample bias as possible. As already mentioned in section 2.1, the flight equipment may be rented or purchased. When aircraft are rented, the leasing payment takes into account the equivalent depreciation and interest payments that would have to be faced in case of purchase. So by including rental and depreciation of flight equipment there will be no difference (other things equal and except for interest payments that are a non-operational item) between an airline that rents planes and another carrier that owns them.

In relation to service-related costs this is the only case in which there was a one to one correspondence with the passengers service heading. Perhaps the most important problem that appears with this fitting of cost categories arises for the infrastructure-related component. In our case the infrastructure related element should capture strictly those costs derived from the use of infrastructure as landing or en-route charges. However ICAO data add to those the station expenses, which are reflecting mainly handling costs that should be in turn included as a service related cost. As the data appear in an aggregated form, our estimates of service related marginal costs will be, therefore, underestimated, whilst the infrastructure related one will be overestimated. Finally the administrative/commercial component has clear counterparts in ICAO category of costs.

Table 3. Fitting the Data Set within UNITE Classification

	Direct Operating Costs
	Flight Operations

-Flight crew salaries and expenses                                (
-Aircraft fuel and oil             (
-Flight equipment insurance (
-Rental of flight equipment  (
-Flight crew training (not amortizable)

-Other flight expenses           (
	( Vehicle Related

( Vehicle Related

( Vehicle Related

( Vehicle Related

( Not considered

( Vehicle Related

	
	Maintenance and Overhaul          (
	( Vehicle Related

	
	Depreciation and Amortization

-Flight equipment                  (
-Ground property and equipment

-Others
	( Vehicle Related

( Not considered

( Not considered

	Indirect Operating Costs
	User Charges and Station Expenses

-Landing and associated airport charges                                  (
-En-route facility charges     (
-Station expenses                 (
	( Infrastructure Related

( Infrastructure Related

( Infrastructure Related

	
	Passenger Services                      (
	( Service Related

	
	Ticketing, Sales and Promotion  (
	( Adm/Commercial Related

	
	General and Administrative        (
	( Adm/Commercial Related

	
	Other Operating Expenses
	( Not considered


It is obvious that the marginal costs estimates should take into account only variable costs. However this distinction has very much to do with the period of time considered. We have already mentioned that as much as 90% of airline costs might be escapable in the medium term (Doganis, 1995). This is the reason why we calculate marginal cost by taking variation in all four UNITE categories of costs, though one might think that the costs included inside any particular heading will be more easily variable than those under other heading.

When implementing this first methodological approach the way to proceed was the following:

2. Calculate the yearly incremental variations of costs for each airline and UNITE cost category.

3. Select measures of air carriers output and calculate yearly incremental variations. Output measures used were Hours Flown and Available Ton-Km.

4. Calculate yearly marginal costs by dividing variation of cost by variations of output.

5. Calculate an average with all valid marginal costs observations for each airline and cost component. 

In this process two main problems appeared:

1. Costs and output data for all airlines and for all years were not always available, resulting in negative yearly incremental variations.

2. Incremental variations were sometime negative even when data were available. There appeared to be an efficiency effect that made the total costs function to shift downwards or even reductions in output over time.

To solve these troubles observations that give rise to the problem were dropped from the sample, in such a way that the final average of marginal costs would include only positive marginal costs that would result from positive incremental variation of both, costs and outputs, with the requirement of having obtained at least two or more valid observations per airline.

Marginal cost estimates per each regional sample are shown in Tables 4 and 5. It can be seen that European airlines have always higher marginal costs than North American ones either in terms of hours flown or available ton-km. Additionally, in both samples, marginal costs in terms of hours flown are higher than average costs, though very closed to each other. On the contrary, the marginal cost estimate in terms of available tonne-km is always lower than the average cost, but again values are very similar. These results might be interpreted as evidence of the existence of constant returns to scale in the industry,
 however in order to reach a definitive conclusion to this regard we would need to make use of econometric means.
 More detailed estimates of marginal and average costs per airline can be found in Annex 1. For example, for the European group the average costs in terms of hours flown and ton-km reach, respectively, a value of € 11 278 and € 838. When interpreting European marginal values it must be remarked that these are calculated with few valid observations.

When comparing weights for each cost component it happens that these vary depending upon type of output considered. In terms of hours flown, the most important cost category for European carriers is the administrative/commercial item, whilst for the North American airlines will be the vehicle-related costs. When marginal costs in terms of ton-km are considered the vehicle related appears now to be the most important over total marginal costs for both group of airlines.

Table 4. Marginal cost estimates in terms of hours flown (€)

	
	Vehicle related (1)
	Service related (2)
	Infrastructure related*(3)
	Adm/commercial related (4)
	TOTAL

	European average

(% over total)
	3 935

(26.6)
	2 182

(14.7)
	3 681

(24.8)
	5 017

(33.9)
	14 815

	North American average

(% over total)
	2 475

(34.9)
	839

(11.8)
	1 952

(27.5)
	1 821

(25.7)
	7 087


*Includes handling costs

(1) Average of British Airways, Finnair and SAS.

(2) Average of Air France, British Airways and Finnair.

(3) Average of British Airways, Finnair and SAS.

(4) Finnair value.

Table 5. Marginal cost estimates in terms of thousand available Ton-Km (€)

	
	Vehicle related(1)
	Service related(2)
	Infrastructure related*(3)
	Adm/commercial related(4)
	TOTAL

	European average

(% over total)
	265

(35.2)
	98

(13.0)
	162

(21.5)
	228

(30.3)
	753

	North American average

(% over total)
	150

(39.2)
	47

(12.3)
	106

(27.7)
	80

(20.9)
	383


*Includes handling costs

(1) Average of British Airways, Finnair and SAS.

(2) Average of Air France, British Airways and Finnair.

(3) Average of British Airways, Finnair and SAS.

(4) Finnair value.

5.2 Econometric approach

By estimating a function of airlines costs the marginal costs might be also calculated. This alternative allows to include some factors as average stage length, load factors or number of networks points, to control for airlines’ characteristics. In addition, results provide relevant information about the industry, like costs elasticities, returns to scale and density, substitution elasticities between productive factors, and so on. The functional form selected was a trans-log, following other previous works (see Caves et. al, 1984; McShan and Windle,1989; Gillen et al., 1990; and Baltagi et al., 1995). Such a costs function is estimated jointly with a set of other equation representing the behaviour of each factor share of costs, what will lead to more efficient estimates that when the trans-log costs function is considered alone. Note that not all share equations can be included in the estimation due to colinearity problems. Symmetry, in terms of cross-products between variables, is implicitly assumed in the specification used. Observe that some coefficients are weighted by 0.5 due to that reason. Though homogeneity has not been formally tested, the sum of (s is equal to 1, i.e. the main restriction is satisfied.

Relevant variables and parameters are given by the following system of equations. Each variable description is shown in Table 6.
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Table 6. Description of variables for econometric models

	COST
	Total cost (million of 1998 €)

	X
	Available tonne kilometres (thousand) or Hours flown 

	W
	Labour price or average salary per employee (thousand €)

	E
	Energy price or cost of energy per kilometre (€). It includes fuel and oil

	K
	Capital price or cost of capital per aircraft (million €). It includes depreciation, rental of flight equipment, maintenance and flight equipment insurance

	OM
	Other material price or cost per departure (thousand €)

	WE, WK, WOM, EK, EOM, KOM
	Cross products of factors prices 

	XW, XE, XK, XOM
	Cross products between output and factors prices

	TLF
	Total load factor

	ASL
	Average stage length (kilometres per departure)

	NET
	Network points in 1997.

	SW, SE, SK, SOM
	Factor shares of total costs


Except for the share of each factor price, all variables have been converted into logs to facilitate interpretation of coefficients as elasticities. Once logs were calculated, variables are transformed into deviations with respect to their mean values, for all but for ln(COST). Total number of observations for which information on all variables existed reached a figure of 125 for the total sample. With the aim of getting an estimate of marginal cost for European airlines, the sample was split, resulting in 58 observations for Europe and the remaining 67 for North America. The Full Information Maximum Likelihood estimation method was the procedure applied to the whole sample, however as the number of observations is very reduced for the sub-samples, this method was not longer applicable, and SURE (Seemingly Unrelated Regression) was the alternative method selected. Since, by definition the sum of factor shares is one, only three of the four share equations could be estimated simultaneously. Actually, better fits were obtained for the case in which the share equation of other materials (OM) was left aside. In addition two alternative output variables have been used in order to obtain marginal cost estimates in terms of available ton-km or number of hours flown.

Coefficients estimates are summarised in Table 7. Detailed results can be found in Annex 2.

Table 7. Coefficient estimates and goodness of fit

	
	Total Sample

(Obs=125)
	European Sample

(Obs=58)
	North American Sample

(Obs=67)

	
	Output: Available Ton-Km
	Output: Hours flown
	Output: Available Ton-Km
	Output: Hours flown
	Output: Available Ton-Km
	Output: Hours flown

	α0
	8.345*
	8.348*
	8.254*
	8.505*
	8.303*
	8.333*

	α1
	0.926*
	0.935*
	0.930*
	1.015*
	0.868*
	0.880*

	β1
	0.299*
	0.300*
	0.316*
	0.287*
	0.318*
	0.311*

	β2
	0.116*
	0.116*
	0.099*
	0.095*
	0.140*
	0.140*

	β3
	0.167*
	0.167*
	0.163*
	0.164*
	0.161*
	0.164*

	β4
	0.259*
	0.583*
	0.466*
	0.335*
	0.254*
	0.435*

	γ1
	0.227*
	0.233*
	0.222*
	0.251*
	0.261*
	0.241*

	γ2
	0.029*
	0.048*
	0.047*
	0.052*
	0.034*
	0.050*

	γ3
	0.096*
	0.095*
	0.086*
	0.094*
	0.093*
	0.095*

	γ4
	0.209
	0.152
	0.110
	0.272*
	0.396
	0.142

	γ5
	-0.043*
	-0.016
	-0.020*
	-0.009
	-0.011
	-0.013

	γ6
	-0.060*
	-0.054*
	-0.058*
	-0.058*
	-0.065*
	-0.060*

	γ7
	0.009
	-0.017
	-0.022
	-0.002
	0.003
	-0.016

	γ8
	-0.011*
	-0.012*
	-0.009
	-0.005
	-0.013*
	-0.019*

	γ9
	-0.019*
	-0.024*
	-0.018*
	-0.014
	0.006
	0.001

	γ10
	-0.067*
	-0.064*
	-0.060*
	-0.064*
	-0.068*
	-0.060*

	δ1
	-0.010
	-0.019*
	0.005
	-0.023*
	-0.033*
	-0.029*

	δ2
	0.014*
	0.014*
	0.007*
	0.002
	-0.003
	-0.003

	δ3
	0.005*
	0.006*
	0.001
	0.002
	0.012*
	0.011*

	δ4
	-0.100*
	-0.030
	-0.075*
	-0.091*
	0.069
	0.043

	λ1
	-0.451*
	-0.164
	-0.230
	-0.659*
	-0.360*
	-0.357*

	λ2
	-0.732*
	-0.571*
	-1.012*
	-0.214*
	-0.585*
	-0.319*

	λ3
	-0.128*
	0.121*
	-0.182*
	0.089*
	0.215*
	0.157*

	COST R2

SW  R2
SE  R2
SK R2
	0.981

0.479

0.633

0.872
	0.987

0.588

0.470

0.875
	0.986

0.473

0.723

0.906
	0.992

0.523

0.609

0.907
	0.981

0.749

0.384

0.730
	0.992

0.754

0.290

0.719


* Significant at 5% level of confidence

From the lists of estimated coefficients the most important for this work is α1 that will be capturing the relationship between total cost and output. From this coefficient a marginal cost estimate can be obtained by carrying out the following transformation:
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Where AC is the average costs that results from dividing mean values of COST and X (outputs) for each sample. The variables are expressed in deviations with respect to their means and second order terms cancel out in the derivation of marginal costs. Corresponding values of marginal costs are reported in Table 8.
Table 8. Estimated marginal costs resulting from econometric models

	
	Total Sample
	European Sample
	North American Sample

	
	€ per thousand available tonne-km
	€ per hour flown
	€ per thousand available tonne-km
	€ per hour flown
	€ per thousand available tonne-km
	€ per hour flown

	Marginal Costs 
	473
	6 921
	644
	12 255
	399
	5 596


By comparing tables 5 and 8 it can be seen that both set of values are very close. This can be interpreted as a signal that previous estimates performed according to the methodology of a disaggregated costs approach would be robust.

Regarding other coefficients estimates and goodness of fit, it seems that econometric models estimated may be qualified as good. In general all parameters and corresponding elasticities have the expected sign. It is important to note that these estimates not only allow to get, in turn, marginal cost values, they also may lead to factor prices elasticities, substitution elasticities, or to establish if return to scale and density are present or not.

In particular, returns to density are define as the effect on costs of a proportional increase in output, keeping network size and other characteristics as constant. They are measured by the inverse of the elasticity of costs with respect to output α1. Returns to scale are defined as the effect of a proportional increase in outputs and network size, and can be measured by the inverse on the sum of α1 and λ3 (Caves et al., 1987). When corresponding values are greater than one, it is interpreted as presence of increasing returns. Such calculations are presented at Table 9.

Regarding economies of density, there appear to be constant or rather slightly increasing returns. Considering standard error values, the coefficient for the European sample, could take values lower than one, though very closed to it. The presence of slightly increasing returns to density appears to be more important in the case of North American carriers. These results are consistent with marginal and average values obtained with the disaggregated cost approach.

Table 9. Returns to density and scale
	
	Total Sample
	European Sample
	North American Sample

	
	Available tonne-km
	Hour flown
	Available tonne-km
	Hour flown
	Available tonne-km
	Hour flown

	Returns to Density
	1.079
	1.069
	1.075
	0.985
	1.152
	1.136

	Returns to Scale
	1.253
	0.947
	1.337
	0.906
	0.923
	0.964


Returns to scale are quite different when the sub-samples are examined, leading to a result in which North American airlines would be experiencing diseconomies of scale. In fact, the coefficient λ3, behaves differently for each sub-sample. However, this may be the consequence of the way in which the NET variable has been measured, as it was available only for year 1997. Therefore, we can not be conclusive in relation to the existence or not of returns to scale.

6. Conclusions, policy implications and transferability

Marginal costs estimates obtained have been very close either when estimated by application of the first or second methodologies. As already mentioned, the first approach allowed us to separate among UNITE categories of costs, though the filtering of data process led to European values that in all cases were calculated as an average of three or less observations. On the other hand, the econometric modelling performed was more precise in the sense that allowed to take advantage of all data available and airlines’ features. However, it did not permit to get marginal cost estimates per cost categories. The econometric approach provides a total value of marginal costs for each group of air carriers and in terms of two different outputs. Considering that the obtained results are finally very similar when calculated by any of the two methodologies, we can assume that other values per each UNITE category costs presented in Tables 4 and 5 must be robust as well, in spite of  having been obtained as an average of few airlines’ costs. To this respect, it must be noticed that even that it is true that marginal costs provided by the first methodology are averages values from a few airlines, there have been an important filtering and dropping of observation process that will leave us only with valid observations.

Regarding policy implication of results several issues could be pointed out:

1. Our results on marginal cost estimates have been calculated for European (or North American) airlines as a group, hence it is the marginal cost for an average European (North American) airline expressed in € per hour flown or per thousand available ton-km taking into account their whole operations network. Such estimate might be compared with the average revenue (yield) of the group in order to reach some conclusions about allocative efficiency in the markets. Nevertheless we have reached some degree of disintegration.

2. The disaggregated cost approach allowed us to separate by type of cost, and to obtain marginal cost estimates for different type of cost groups (i.e. vehicle, service, infrastructure and administrative cost categories) in absolute and relative terms. This methodology also led us to estimates of marginal costs for some particular airlines that provided enough data. This was the case of Finnair for all four UNITE costs categories, and for British Airways, SAS and Air France in some cases (see tables in Annex 1). A better quality of data on costs provided by North American carriers resulted in more individual estimates of marginal costs for this group. 

3. The econometric models support values of marginal costs obtained by applying the disaggregated cost approach. However its main drawback is its high level of aggregation. Again marginal costs estimates derived from this methodology are representative for each group of airlines, as it is the cost elasticity α1.  On the contrary, its main contribution regards the explanation of returns to density in the industry. There appear to be constant or rather slightly increasing returns to density. The presence of increasing returns to density appears to be more important in the case of North American carriers. These results are consistent with marginal and average values obtained with the disaggregated cost approach (see tables in Annex 1).

4. There is an important gap between North American and European Airlines costs, either in terms of marginal or average costs. Even taking into account the different economic environment in which the two group of carriers are operating, this result can be interpreted in the sense that there might be some scope for European airlines to reduce costs. However, in order to know the reasons behind such a different cost behaviour  a more detailed analysis is needed. There is also another gap regarding provision of cost data. In the case of European airlines there is a generalised lack of regular yearly data on all ICAO categories. This does not occur with its North American counterparts.

Regarding transferability, it is quite straightforward that both methodologies will be applicable to other modes of transport. Nevertheless, it will be desirable to have data available for longer periods of time, which will permit the application of both estimation methods with a greater degree of freedom. For the first methodological approach, it will result in average values of marginal costs derived from more airlines with valid observations, and for the second it will permit to obtain more robust cost elasticities and hence marginal costs values. 
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Annex 1. Disaggregated costs approach: marginal and average costs estimates

	VEHICLE RELATED
	Marginal Costs (1998 euros, p.p.p. adjusted) in terms of

	 
	No, obs,
	Hours flown
	No, obs,
	000 Avail. Ton-Km 

	Air France
	1
	15432.91
	1
	478.89

	Alitalia
	0
	 
	0
	 

	Austrian
	0
	 
	0
	 

	British Airways
	4
	3250.53
	5
	99.83

	British Midlands
	1
	24.76
	1
	5.81

	Finnair
	4
	5110.58
	3
	327.31

	Iberia
	0
	 
	0
	 

	KLM
	1
	1550.63
	1
	35.48

	Lufthansa
	1
	998.27
	0
	 

	Olympic
	0
	 
	0
	 

	SAS
	2
	3444.60
	2
	367.63

	Swissair
	0
	 
	0
	 

	TAP
	1
	568.44
	1
	62.16

	
	 
	 
	 
	 

	European Average*
	 
	3935.24
	 
	264.92

	
	 
	 
	 
	 

	Air Canada
	2
	3087.99
	1
	195.64

	American Airlines
	2
	1580.90
	2
	92.53

	Canadian
	0
	 
	0
	 

	Continental
	3
	2348.10
	2
	171.91

	Delta
	2
	1868.90
	2
	162.66

	Northwest
	2
	4171.15
	2
	230.97

	TWA
	1
	633.35
	1
	37.75

	United Airlines
	3
	1791.78
	4
	92.73

	USAir
	0
	 
	0
	 

	 
	 
	 
	 
	 

	North American Average*
	 
	2474.81
	 
	150.16


* Average values calculated taking into account airlines with two or more valid observations.

	SERVICE RELATED
	Marginal Costs (1998 euros, p.p.p. adjusted) in terms of

	 
	No, obs,
	Hours flown
	No, obs,
	000 Avail. Ton-Km

	Air France
	2
	2341.68
	2
	72.72

	Alitalia
	0
	 
	0
	 

	Austrian
	0
	 
	0
	 

	British Airways
	2
	1365.74
	3
	47.59

	British Midlands
	1
	16.40
	1
	3.85

	Finnair
	4
	2838.87
	3
	173.23

	Iberia
	0
	 
	0
	 

	KLM
	0
	 
	0
	 

	Lufthansa
	1
	401.15
	0
	 

	Olympic
	0
	 
	0
	 

	SAS
	1
	2524.81
	1
	223.95

	Swissair
	0
	 
	0
	 

	TAP
	1
	204.61
	1
	22.38

	 
	 
	 
	 
	 

	European Average*
	 
	2182.10
	 
	97.85

	 
	 
	 
	 
	 

	Air Canada
	2
	884.66
	2
	44.65

	American Airlines
	2
	738.71
	3
	39.77

	Canadian
	0
	 
	0
	 

	Continental
	3
	658.51
	2
	45.84

	Delta
	2
	641.27
	3
	62.02

	Northwest
	2
	818.97
	2
	38.20

	TWA
	1
	369.30
	1
	21.92

	United Airlines
	2
	1290.42
	4
	51.50

	USAir
	0
	 
	0
	 

	 
	 
	 
	 
	 

	North American Average*
	 
	838.75
	 
	47.00


* Average values calculated taking into account airlines with two or more valid observations.

	INFRASTRUCTURE RELATED
	Marginal Costs (1998 euros, p.p.p. adjusted) in terms of

	 
	No, obs,
	Hours flown
	No, obs,
	000 Avail. Ton-Km 

	Air France
	1
	7995.38
	1
	249.36

	Alitalia
	0
	 
	0
	 

	Austrian
	0
	 
	0
	 

	British Airways
	2
	1490.69
	2
	40.67

	British Midlands
	1
	1109.94
	1
	260.40

	Finnair
	4
	8714.15
	3
	353.19

	Iberia
	0
	 
	1
	47.99

	KLM
	1
	12032.49
	1
	275.26

	Lufthansa
	1
	2205.45
	0
	 

	Olympic
	1
	658.71
	1
	56.09

	SAS
	2
	838.46
	2
	91.99

	Swissair
	0
	 
	0
	 

	TAP
	1
	824.79
	1
	90.20

	 
	 
	 
	 
	 

	European Average*
	 
	3681.10
	 
	161.95

	 
	 
	 
	 
	 

	Air Canada
	2
	757.65
	1
	75.66

	American Airlines
	2
	3899.05
	3
	181.98

	Canadian
	1
	846.12
	0
	 

	Continental
	3
	879.57
	2
	69.78

	Delta
	2
	1095.59
	3
	93.90

	Northwest
	2
	1155.63
	2
	52.92

	TWA
	0
	 
	0
	 

	United Airlines
	3
	3927.39
	5
	129.99

	USAir
	0
	 
	0
	 

	 
	 
	 
	 
	 

	North American Average*
	 
	1952.48
	 
	105.72


+ It includes handling costs

* Average values calculated taking into account airlines with two or more valid observations.

	ADM/COMMERCIAL RELATED
	Marginal Costs (1998 euros, p.p.p. adjusted) in terms of

	 
	No, obs,
	Hours flown
	No, obs,
	000 Avail. Ton-Km 

	Air France
	1
	13274.61
	1
	411.92

	Alitalia
	0
	 
	0
	 

	Austrian
	0
	 
	0
	 

	British Airways
	1
	11877.61
	1
	529.74

	British Midlands
	0
	 
	0
	 

	Finnair
	4
	5016.86
	3
	228.41

	Iberia
	0
	 
	1
	32.34

	KLM
	0
	 
	0
	 

	Lufthansa
	0
	 
	0
	 

	Olympic
	0
	 
	0
	 

	SAS
	1
	3486.61
	1
	309.27

	Swissair
	0
	 
	0
	 

	TAP
	0
	 
	0
	 

	 
	 
	 
	 
	 

	European Average*
	 
	5016.86
	 
	228.41

	 
	 
	 
	 
	 

	Air Canada
	2
	3071.87
	1
	110.55

	American Airlines
	2
	1764.31
	3
	77.98

	Canadian
	1
	1277.48
	0
	 

	Continental
	3
	888.23
	2
	58.23

	Delta
	2
	1066.37
	3
	87.87

	Northwest
	1
	1398.44
	1
	60.39

	TWA
	1
	2982.61
	1
	177.76

	United Airlines
	3
	2314.34
	4
	96.70

	USAir
	0
	 
	0
	 

	 
	 
	 
	 
	 

	North American Average*
	 
	1821.02
	 
	80.19


* Average values calculated taking into account airlines with two or more valid observations.

	MARGINAL COST (TOTAL)
	Marginal Costs (1998 euros, p.p.p. adjusted) in terms of

	 
	No, obs,
	Hours flown
	No, obs,
	000 Avail. Ton-Km 

	Air France
	5
	39044.58
	5
	1212.90

	Alitalia
	0
	 
	0
	 

	Austrian
	0
	 
	0
	 

	British Airways
	9
	17984.58
	11
	717.83

	British Midlands
	3
	 
	3
	 

	Finnair
	16
	21680.47
	12
	1082.14

	Iberia
	0
	 
	2
	 

	KLM
	2
	 
	2
	 

	Lufthansa
	3
	 
	0
	 

	Olympic
	1
	 
	1
	 

	SAS
	6
	10294.48
	6
	992.84

	Swissair
	0
	 
	0
	 

	TAP
	3
	 
	3
	 

	 
	 
	 
	 
	 

	European Average +
	 
	14815.30
	 
	753.13

	 
	 
	 
	 
	 

	Air Canada
	8
	7802.17
	5
	426.50

	American Airlines*
	8
	7982.97
	11
	392.25

	Canadian
	2
	 
	0
	 

	Continental*
	12
	4774.41
	8
	345.76

	Delta*
	8
	4672.13
	11
	406.45

	Northwest
	7
	7544.19
	7
	382.48

	TWA
	3
	 
	3
	 

	United Airlines*
	11
	9323.93
	17
	370.92

	USAir
	0
	 
	0
	 

	 
	 
	 
	 
	 

	North American Average+
	 
	7087.06
	 
	383.06


* Less than 8 observations might results in a non-accurate marginal cost estimate

+ Sum of previous average values

	AVERAGE COSTS
	Average Costs (1998 euros, p.p.p. adjusted) in terms of

	 
	No, obs,
	Hours flown
	No, obs,
	000 Avail. Ton-Km 

	Air France
	4
	14542.8
	4
	579.3

	Alitalia
	4
	10707.3
	4
	743.2

	Austrian
	3
	9624.7
	3
	1056.8

	British Airways
	7
	13392.4
	7
	597.4

	British Midlands
	5
	7073.3
	5
	1383.2

	Finnair
	8
	7801.3
	8
	566.0

	Iberia
	5
	11592.5
	5
	739.4

	KLM
	1
	13481.8
	1
	481.4

	Lufthansa
	3
	13358.7
	3
	740.4

	Olympic
	3
	11566.3
	3
	840.3

	SAS
	7
	10191.0
	7
	1158.1

	Swissair
	3
	14688.7
	3
	841.5

	TAP
	5
	14216.7
	5
	991.6

	 
	
	
	
	

	European Average
	58
	11277.7
	58
	837.9

	 
	
	
	
	

	Air Canada
	7
	6551.2
	7
	429.8

	American Airlines
	8
	6102.9
	8
	446.2

	Canadian
	6
	7174.9
	6
	441.0

	Continental
	8
	5538.7
	8
	442.3

	Delta
	8
	6312.6
	8
	477.9

	Northwest
	7
	6542.9
	7
	398.2

	TWA
	7
	6148.3
	7
	467.9

	United Airlines
	8
	7380.2
	8
	465.2

	USAir
	8
	5988.0
	8
	628.6

	 
	
	
	
	

	North American Average
	67
	6392.9
	67
	468.7


	MARGINAL COSTS/

AVERAGE COSTS
	(€ 1998) in terms of

	 
	Hours flown


	000 Avail. Ton-Km 

	Air France
	2,68
	2,09

	Alitalia
	
	

	Austrian
	
	

	British Airways
	1,34
	1,20

	British Midlands
	
	

	Finnair
	2,78
	1,91

	Iberia
	
	

	KLM
	
	

	Lufthansa
	
	

	Olympic
	
	

	SAS
	1,01
	0,86

	Swissair
	
	

	TAP
	
	

	 
	
	

	European Average
	1,31
	0,90

	 
	
	

	Air Canada
	1,19
	0,99

	American Airlines
	1,31
	0,88

	Canadian
	
	

	Continental
	0,86
	0,78

	Delta
	0,74
	0,85

	Northwest
	1,15
	0,96

	TWA
	
	

	United Airlines
	1,26
	0,80

	USAir
	
	

	 
	
	

	North American Average
	1,11
	0,82


Annex 2. Econometric regressions results

WHOLE SAMPLE

OUTPUT:TON-KM

System: SISTCOMPLET0





Estimation Method: Full Information Maximum Likelihood (Marquardt)


Sample: 125





Convergence achieved after 50 iterations






Coefficient
Std. Error
t-Statistic
Prob.  

C(1)
8.344716
0.021657
385.3177
0.0000

C(2)
0.925923
0.036018
25.70713
0.0000

C(3)
0.299465
0.009268
32.31101
0.0000

C(4)
0.116287
0.002545
45.69732
0.0000

C(5)
0.167292
0.001911
87.55568
0.0000

C(6)
0.258650
0.046700
5.538529
0.0000

C(7)
0.226655
0.027808
8.150835
0.0000

C(8)
0.028849
0.006704
4.303051
0.0000

C(9)
0.095923
0.006612
14.50677
0.0000

C(10)
0.209346
0.144028
1.453506
0.1467

C(11)
-0.043310
0.011094
-3.904020
0.0001

C(12)
-0.059712
0.007619
-7.836869
0.0000

C(13)
0.008924
0.022819
0.391061
0.6959

C(14)
-0.011455
0.006036
-1.897750
0.0583

C(15)
-0.019556
0.006353
-3.078063
0.0022

C(16)
-0.067216
0.004546
-14.78534
0.0000

C(17)
-0.010373
0.007715
-1.344531
0.1794

C(18)
0.014437
0.002325
6.210500
0.0000

C(19)
0.005148
0.001388
3.708231
0.0002

C(20)
-0.100259
0.042068
-2.383235
0.0176

C(21)
-0.450960
0.182601
-2.469648
0.0139

C(22)
-0.731823
0.107929
-6.780564
0.0000

C(23)
-0.127718
0.059989
-2.129000
0.0338

Log Likelihood



1008.023



Determinant residual covariance
1.16E-12



Equation: LCOST=C(1)+C(2)*DLTONKM+C(3)*DLW+C(4)*DLE+C(5)



*DLK+C(6)*DLOM+0.5*C(7)*DLW2+0.5*C(8)*DLE2+0.5*C(9)



*DLK2+0.5*C(10)*DLOM2+C(11)*DLWE+C(12)*DLWK+C(13)



*DLWOM+C(14)*DLEK+C(15)*DLEOM+C(16)*DLKOM+C(17)





      *DLTONKMW+C(18)*DLTONKME+C(19)*DLTONKMK+C(20)



*DLTONKMO+C(21)*DLTLF+C(22)*DLASL+C(23)*DLNET





Observations: 

125





R-squared


0.981576


Mean dependent var 
8.372679

Adjusted R-squared 
0.977602

S.D. dependent var 
0.914680

S.E. of regression
0.136892

Sum squared resid

1.911411

Durbin-Watson stat
0.677953




Equation: SL=C(3)+C(7)*DLW+C(11)*DLE+C(12)*DLK+C(13)*DLOM+C(17)*DLTONKM





Observations:

125





R-squared


0.479923

Mean dependent var
0.300274

Adjusted R-squared
0.458071

S.D. dependent var
0.073152

S.E. of regression
0.053851

Sum squared resid

0.345093

Durbin-Watson stat
0.626720




Equation: SE=C(4)+C(11)*DLW+C(8)*DLE+C(14)*DLK+C(15)*DLOM+C(18)*DLTONKM





Observations:

125





R-squared


0.633310

Mean dependent var
0.116538

Adjusted R-squared
0.617903

S.D. dependent var
0.029113

S.E. of regression
0.017996

Sum squared resid

0.038538

Durbin-Watson stat
0.976355




Equation: SK=C(5)+C(12)*DLW+C(14)*DLE+C(9)*DLK+C(16)*DLOM+C(19)*DLTONKM





Observations:

125

R-squared


0.872316

Mean dependent var
0.167223

Adjusted R-squared
0.866951

S.D. dependent var
0.034644

S.E. of regression
0.012637

Sum squared resid

0.019003

Durbin-Watson stat
1.300608




EUROPEAN SAMPLE

OUTPUT:TON-KM

System: SISTCOMPLETO





Estimation Method: Seemingly Unrelated Regression





Sample: 58






Coefficient
Std. Error
t-Statistic
Prob.  

C(1)
8.254198
0.039976
206.4776
0.0000

C(2)
0.930231
0.037754
24.63927
0.0000

C(3)
0.315868
0.014640
21.57640
0.0000

C(4)
0.099543
0.005253
18.94821
0.0000

C(5)
0.162875
0.005564
29.27056
0.0000

C(6)
0.466366
0.071288
6.542000
0.0000

C(7)
0.222054
0.028936
7.674035
0.0000

C(8)
0.047376
0.009587
4.941770
0.0000

C(9)
0.086191
0.008303
10.38075
0.0000

C(10)
0.110080
0.133450
0.824883
0.4104

C(11)
-0.020188
0.009423
-2.142354
0.0333

C(12)
-0.058423
0.010019
-5.831094
0.0000

C(13)
-0.021997
0.020525
-1.071685
0.2851

C(14)
-0.008673
0.006177
-1.403987
0.1618

C(15)
-0.017832
0.007430
-2.400108
0.0173

C(16)
-0.060190
0.008372
-7.189292
0.0000

C(17)
0.005064
0.009796
0.516927
0.6058

C(18)
0.006961
0.003448
2.018877
0.0448

C(19)
0.001543
0.003705
0.416417
0.6775

C(20)
-0.075068
0.030575
-2.455185
0.0149

C(21)
-0.229962
0.202448
-1.135909
0.2573

C(22)
-1.011806
0.074264
-13.62450
0.0000

C(23)
-0.182467
0.059025
-3.091379
0.0023

Determinant residual covariance

4.11E-13



Equation: LCOST=C(1)+C(2)*DLTONKM+C(3)*DLW+C(4)*DLE+C(5)



  *DLK+C(6)*DLOM+0.5*C(7)*DLW2+0.5*C(8)*DLE2+0.5*C(9)


  *DLK2+0.5*C(10)*DLOM2+C(11)*DLWE+C(12)*DLWK+C(13)



  *DLWOM+C(14)*DLEK+C(15)*DLEOM+C(16)*DLKOM+C(17)



  *DLTONKMW+C(18)*DLTONKME+C(19)*DLTONKMK+C(20)





        *DLTONKMO+C(21)*DLTLF+C(22)*DLASL+C(23)*DLNET





Observations:

58





R-squared


0.986517

Mean dependent var
7.889374

Adjusted R-squared
0.978042

S.D. dependent var
0.929883

S.E. of regression
0.137793

Sum squared resid

0.664540

Durbin-Watson stat
0.702663




Equation: SL=C(3)+C(7)*DLW+C(11)*DLE+C(12)*DLK+C(13)*DLOM+C(17)*DLTONKM





Observations:

58





R-squared


0.473344

Mean dependent var
0.314663

Adjusted R-squared
0.422704

S.D. dependent var
0.088842

S.E. of regression
0.067502

Sum squared resid

0.236941

Durbin-Watson stat
0.550417




Equation: SE=C(4)+C(11)*DLW+C(8)*DLE+C(14)*DLK+C(15)*DLO+C(18)*DLTONKM





Observations:

58

R-squared


0.723468

Mean dependent var
0.095810

Adjusted R-squared
0.696878

S.D. dependent var
0.021128

S.E. of regression
0.011633

Sum squared resid

0.007036

Durbin-Watson stat
0.727594




Equation: SK=C(5)+C(12)*DLW+C(14)*DLE+C(9)*DLK+C(16)*DLOM
+C(19)*DLTONKM





Observations:

58

R-squared


0.905620

Mean dependent var
0.151845

Adjusted R-squared
0.896545

S.D. dependent var
0.039162

S.E. of regression
0.012596

Sum squared resid

0.008251

Durbin-Watson stat
1.053487




NORTH AMERICAN SAMPLE

OUTPUT:TON-KM

System: SISTCOMPLETO





Estimation Method: Seemingly Unrelated Regression





Sample: 67






Coefficient
Std. Error
t-Statistic
Prob.  

C(1)
8.302785
0.030252
274.4532
0.0000

C(2)
0.868512
0.033569
25.87233
0.0000

C(3)
0.317806
0.006866
46.28588
0.0000

C(4)
0.140299
0.004885
28.71987
0.0000

C(5)
0.161189
0.003618
44.54889
0.0000

C(6)
0.253658
0.092769
2.734308
0.0067

C(7)
0.261132
0.019823
13.17329
0.0000

C(8)
0.034574
0.008096
4.270685
0.0000

C(9)
0.093296
0.014178
6.580411
0.0000

C(10)
0.395649
0.235475
1.680217
0.0942

C(11)
-0.010907
0.008336
-1.308367
0.1920

C(12)
-0.065570
0.010059
-6.518664
0.0000

C(13)
0.003550
0.011925
0.297723
0.7662

C(14)
-0.013390
0.005025
-2.664670
0.0082

C(15)
0.006464
0.009540
0.677593
0.4987

C(16)
-0.068296
0.007208
-9.474389
0.0000

C(17)
-0.032719
0.006139
-5.329677
0.0000

C(18)
-0.003372
0.004608
-0.731709
0.4650

C(19)
0.012379
0.003223
3.840912
0.0002

C(20)
0.069316
0.077806
0.890882
0.3739

C(21)
-0.360285
0.175869
-2.048598
0.0416

C(22)
-0.585106
0.100380
-5.828927
0.0000

C(23)
0.215218
0.072267
2.978088
0.0032

Determinant residual covariance

1.82E-13



Equation: LCOST=C(1)+C(2)*DLTONKM+C(3)*DLW+C(4)*DLE+

C(5)*DLK+C(6)*DLOM+0.5*C(7)*DLW2+0.5*C(8)*DLE2

+0.5*C(9)*DLK2+0.5*C(10)*DLOM2+C(11)*DLWE+C(12)*DLWK+C(13)


*DLWOM+C(14)*DLEK+C(15)*DLEOM+C(16)*DLKOM+C(17)



*DLTONKMW+C(18)*DLTONKME+C(19)*DLTONKMK+C(20)


*DLTONKMO+C(21)*DLTLF+C(22)*DLASL+C(23)*DLNET





Observations:

67





R-squared


0.980781

Mean dependent var
8.791062

Adjusted R-squared
0.971172

S.D. dependent var
0.664929

S.E. of regression
0.112898

Sum squared resid

0.560820

Durbin-Watson stat
0.684093




Equation: SL=C(3)+C(7)*DLW+C(11)*DLE+C(12)*DLK+C(13)*DLOM
+C(17)*DLTONKM





Observations:

67


R-squared


0.749419

Mean dependent var
0.287819

Adjusted R-squared
0.728879

S.D. dependent var
0.053830

S.E. of regression
0.028029

Sum squared resid

0.047922

Durbin-Watson stat
1.114722




Equation: SE=C(4)+C(11)*DLW+C(8)*DLE+C(14)*DLK+C(15)*DLOM
+C(18)*DLTONKM





Observations:

67





R-squared


0.384122

Mean dependent var
0.134482

Adjusted R-squared
0.333640

S.D. dependent var
0.022415

S.E. of regression
0.018297

Sum squared resid

0.020423

Durbin-Watson stat
1.295670




Equation: SK=C(5)+C(12)*DLW+C(14)*DLE+C(9)*DLK+C(16)*DLOM
+C(19)*DLTONKM





Observations:

67





R-squared


0.729978

Mean dependent var
0.180535

Adjusted R-squared
0.707845

S.D. dependent var
0.023296

S.E. of regression
0.012592

Sum squared resid

0.009672

Durbin-Watson stat
1.744782




WHOLE SAMPLE

OUTPUT: HOURS FLOWN

System: SISTCOMPLETO





Estimation Method: Full Information Maximum Likelihood (Marquardt)



Sample: 125





Convergence achieved after 117 iterations






Coefficient
Std. Error
t-Statistic
Prob.  

C(1)
8.347799
0.017260
483.6613
0.0000

C(2)
0.935299
0.027050
34.57694
0.0000

C(3)
0.300436
0.007166
41.92337
0.0000

C(4)
0.115690
0.003518
32.88284
0.0000

C(5)
0.166994
0.001593
104.8360
0.0000

C(6)
0.583460
0.041778
13.96582
0.0000

C(7)
0.233003
0.018842
12.36599
0.0000

C(8)
0.048071
0.012551
3.830212
0.0001

C(9)
0.094952
0.006872
13.81674
0.0000

C(10)
0.152143
0.079260
1.919546
0.0555

C(11)
-0.016133
0.009044
-1.783755
0.0751

C(12)
-0.053800
0.006786
-7.928075
0.0000

C(13)
-0.016889
0.016897
-0.999525
0.3180

C(14)
-0.011611
0.005503
-2.110001
0.0354

C(15)
-0.023764
0.009916
-2.396491
0.0169

C(16)
-0.064360
0.004631
-13.89834
0.0000

C(17)
-0.018671
0.006349
-2.940921
0.0034

C(18)
0.013953
0.004489
3.107954
0.0020

C(19)
0.006204
0.001691
3.667679
0.0003

C(20)
-0.029880
0.025494
-1.172062
0.2418

C(21)
-0.163794
0.117177
-1.397841
0.1628

C(22)
-0.570661
0.081379
-7.012380
0.0000

C(23)
0.121059
0.033672
3.595251
0.0004

Log Likelihood

1092.199



Determinant residual covariance

3.03E-13



Equation: LCOST=C(1)+C(2)*DLHORAS+C(3)*DLW+C(4)*DLE+C(5)




        *DLK+C(6)*DLOM+0.5*C(7)*DLW2+0.5*C(8)*DLE2+0.5*C(9)



        *DLK2+0.5*C(10)*DLOM2+C(11)*DLWE+C(12)*DLWK+C(13)




        *DLWOM+C(14)*DLEK+C(15)*DLEOM+C(16)*DLKOM+C(17)




        *DLHORASW+C(18)*DLHORASE+C(19)*DLHORASK+C(20)





        *DLHORASO+C(21)*DLTLF+C(22)*DLASL+C(23)*DLNET





Observations: 

125





R-squared


0.987276

Mean dependent var
8.372679

Adjusted R-squared
0.984531

S.D. dependent var
0.914680

S.E. of regression
0.113762

Sum squared resid

1.320074

Durbin-Watson stat
0.660912




Equation: SL=C(3)+C(7)*DLW+C(11)*DLE+C(12)*DLK+C(13)*DLOM +C(17)*DLHORAS


Observations: 

125





R-squared


0.588366

Mean dependent var
0.300274

Adjusted R-squared
0.571070

S.D. dependent var
0.073152

S.E. of regression
0.047909

Sum squared resid

0.273137

Durbin-Watson stat
0.590669




Equation: SE=C(4)+C(11)*DLW+C(8)*DLE+C(14)*DLK+C(15)*DLOM +C(18)*DLHORAS





Observations: 

125





R-squared


0.470304

Mean dependent var
0.116538

Adjusted R-squared
0.448048

S.D. dependent var
0.029113

S.E. of regression
0.021629

Sum squared resid

0.055670

Durbin-Watson stat
0.805600




Equation: SK=C(5)+C(12)*DLW+C(14)*DLE+C(9)*DLK+C(16)*DLOM +C(19)*DLHORAS





Observations: 

125





R-squared


0.875238

Mean dependent var
0.167223

Adjusted R-squared
0.869996

S.D. dependent var
0.034644

S.E. of regression
0.012491

Sum squared resid

0.018568

Durbin-Watson stat
1.310743




EUROPEAN SAMPLE

OUTPUT: HOURS FLOWN 

System: SISTCOMPLETO





Estimation Method: Seemingly Unrelated Regression





Sample: 58






Coefficient
Std. Error
t-Statistic
Prob.  

C(1)
8.504690
0.032798
259.3030
0.0000

C(2)
1.014685
0.027725
36.59838
0.0000

C(3)
0.287541
0.013749
20.91314
0.0000

C(4)
0.094918
0.007269
13.05807
0.0000

C(5)
0.163829
0.003120
52.51379
0.0000

C(6)
0.335587
0.053422
6.281804
0.0000

C(7)
0.251299
0.024552
10.23555
0.0000

C(8)
0.052578
0.012738
4.127733
0.0001

C(9)
0.094118
0.003793
24.81409
0.0000

C(10)
0.271758
0.084466
3.217368
0.0015

C(11)
-0.009348
0.011894
-0.785968
0.4328

C(12)
-0.057687
0.005563
-10.37047
0.0000

C(13)
-0.002327
0.016979
-0.137043
0.8911

C(14)
-0.005522
0.004703
-1.174098
0.2417

C(15)
-0.014088
0.009496
-1.483649
0.1394

C(16)
-0.063874
0.004227
-15.11209
0.0000

C(17)
-0.022735
0.011202
-2.029508
0.0437

C(18)
0.002195
0.005778
0.379934
0.7044

C(19)
0.002352
0.002508
0.937765
0.3494

C(20)
-0.091013
0.027999
-3.250534
0.0013

C(21)
-0.659312
0.137949
-4.779407
0.0000

C(22)
-0.214029
0.053550
-3.996835
0.0001

C(23)
0.089085
0.032990
2.700389
0.0075

Determinant residual covariance

1.02E-13



Equation: LCOST=C(1)+C(2)*DLHORAS+C(3)*DLW+C(4)*DLE+C(5)




        *DLK+C(6)*DLOM+0.5*C(7)*DLW2+0.5*C(8)*DLE2+0.5*C(9)



        *DLK2+0.5*C(10)*DLOM2+C(11)*DLWE+C(12)*DLWK+C(13)




        *DLWOM+C(14)*DLEK+C(15)*DLEOM+C(16)*DLKOM+C(17)




        *DLHORASW+C(18)*DLHORASE+C(19)*DLHORASK+C(20)





        *DLHORASO+C(21)*DLTLF+C(22)*DLASL+C(23)*DLNET





Observations: 

58





R-squared


0.991850

Mean dependent var
7.889374

Adjusted R-squared
0.986727

S.D. dependent var
0.929883

S.E. of regression
0.107130

Sum squared resid

0.401686

Durbin-Watson stat
0.893352




Equation: SL=C(3)+C(7)*DLW+C(11)*DLE+C(12)*DLK+C(13)*DLOM +C(17)*DLHORAS





Observations: 

58





R-squared


0.523322

Mean dependent var
0.314663

Adjusted R-squared
0.477488

S.D. dependent var
0.088842

S.E. of regression
0.064220

Sum squared resid

0.214456

Durbin-Watson stat
0.509251




Equation: SE=C(4)+C(11)*DLW+C(8)*DLE+C(14)*DLK+C(15)*DLOM +C(18)*DLHORAS





Observations: 

58





R-squared


0.609264

Mean dependent var
0.095810

Adjusted R-squared
0.571693

S.D. dependent var
0.021128

S.E. of regression
0.013828

Sum squared resid

0.009942

Durbin-Watson stat
0.715551




Equation: SK=C(5)+C(12)*DLW+C(14)*DLE+C(9)*DLK+C(16)*DLOM +C(19)*DLHORAS





Observations: 

58





R-squared


0.906723

Mean dependent var
0.151845

Adjusted R-squared
0.897754

S.D. dependent var
0.039162

S.E. of regression
0.012523

Sum squared resid

0.008154

Durbin-Watson stat
1.020738




NORTH AMERICAN SAMPLE

OUTPUT: HOURS FLOWN

System: SISTCOMPLETO





Estimation Method: Seemingly Unrelated Regression





Sample: 67






Coefficient
Std. Error
t-Statistic
Prob.  

C(1)
8.332896
0.016998
490.2283
0.0000

C(2)
0.879947
0.019015
46.27618
0.0000

C(3)
0.310935
0.006118
50.82659
0.0000

C(4)
0.139729
0.004911
28.44950
0.0000

C(5)
0.163863
0.003124
52.45297
0.0000

C(6)
0.434959
0.048298
9.005715
0.0000

C(7)
0.240826
0.018445
13.05641
0.0000

C(8)
0.049772
0.007610
6.540241
0.0000

C(9)
0.094755
0.013321
7.113097
0.0000

C(10)
0.142512
0.121506
1.172885
0.2420

C(11)
-0.013170
0.008313
-1.584402
0.1144

C(12)
-0.059864
0.009079
-6.593861
0.0000

C(13)
-0.016485
0.011188
-1.473418
0.1419

C(14)
-0.019280
0.004567
-4.221896
0.0000

C(15)
0.001180
0.010106
0.116797
0.9071

C(16)
-0.060065
0.006785
-8.852407
0.0000

C(17)
-0.029256
0.005859
-4.993652
0.0000

C(18)
-0.003238
0.004979
-0.650287
0.5161

C(19)
0.010624
0.002974
3.572854
0.0004

C(20)
0.042881
0.043924
0.976244
0.3299

C(21)
-0.356636
0.100135
-3.561572
0.0004

C(22)
-0.318821
0.056784
-5.614669
0.0000

C(23)
0.156802
0.040967
3.827512
0.0002

Determinant residual covariance

7.03E-14



Equation: LCOST=C(1)+C(2)*DLHORAS+C(3)*DLW+C(4)*DLE+C(5)




        *DLK+C(6)*DLOM+0.5*C(7)*DLW2+0.5*C(8)*DLE2+0.5*C(9)



        *DLK2+0.5*C(10)*DLOM2+C(11)*DLWE+C(12)*DLWK+C(13)




        *DLWOM+C(14)*DLEK+C(15)*DLEOM+C(16)*DLKOM+C(17)




        *DLHORASW+C(18)*DLHORASE+C(19)*DLHORASK+C(20)





        *DLHORASO+C(21)*DLTLF+C(22)*DLASL+C(23)*DLNET





Observations:

 67





R-squared


0.992463

Mean dependent var
8.791062

Adjusted R-squared
0.988694

S.D. dependent var
0.664929

S.E. of regression
0.070702

Sum squared resid

0.219945

Durbin-Watson stat
1.507758




Equation: SL=C(3)+C(7)*DLW+C(11)*DLE+C(12)*DLK+C(13)*DLOM +C(17)*DLHORAS





Observations:

67





R-squared


0.754291

Mean dependent var
0.287819

Adjusted R-squared
0.734151

S.D. dependent var
0.053830

S.E. of regression
0.027755

Sum squared resid

0.046990

Durbin-Watson stat
1.061212




Equation: SE=C(4)+C(11)*DLW+C(8)*DLE+C(14)*DLK+C(15)*DLOM +C(18)*DLHORAS





Observations: 

67





R-squared


0.290132

Mean dependent var
0.134482

Adjusted R-squared
0.231946

S.D. dependent var
0.022415

S.E. of regression
0.019644

Sum squared resid

0.023539

Durbin-Watson stat
1.553586




Equation: SK=C(5)+C(12)*DLW+C(14)*DLE+C(9)*DLK+C(16)*DLOM +C(19)*DLHORAS





Observations: 

67





R-squared


0.719539

Mean dependent var
0.180535

Adjusted R-squared
0.696550

S.D. dependent var
0.023296

S.E. of regression
0.012833

Sum squared resid

0.010046

Durbin-Watson stat
1.702882
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� Former independent agency of the U.S. government, established in 1887 that was charged with regulating the economics and services of specified carriers engaged in transportation between states which was terminated at the end of 1995. 








� Another reason for analysing the American set of carriers is that sample size becomes larger, thus increasing the degrees of freedom.


� Note that the expressions are now dealing with the structure of the price-relevant marginal cost.


� Though homogeneity has not been formally tested, the sum of the computed (s is 1, i.e. the main restriction is satisfied


� In the Lisbon case study, AVC were used as proxy for marginal cost.


� Carriage costs and engine costs are referred to as traffic operating costs. 


� This is an average value. 


� Interim Report 6.2 – Accounts Approach for Supplier Operating Costs


� For example, if all employees costs are reported jointly, a solution can be to consider labour as a semi-variable item.


� In any case, estimation of these costs comes under another part of the work to be developed within the project.


� In any case the estimation of infrastructure costs will be addressed in the UNITE project. 


� The exchange rate is 200.482 Esc/€.


� The frequency is limited to maximum number of 8 trains per hour, due to technical and safety restrictions in the crossing of the “25 de Abril” bridge.


� In order to reduce the constraint associated to the non-assessment of incremental changes only variable costs shall be considered. The results are presented in 1998 prices.


* Note that k and D are approximately inversely proportional, which makes for rather limited variations of the product kD, and consequantly also for the value of MC per kilometer.


� Three classical works describing the engineering approach to production and cost function estimation are: 


Chenery, Hollis (1953) “Process and production function from engineering data” in Studies in the structure of the American economy. Ed. W. Leontief. Oxford. 


Smith, Vernon (1959) “The theory of investment and production”. Ouarterly Journal of Economics. Vol 73 Walters, Alan (1963) “Production and cost functions: an econometric survey”. Econometrica, Jan-April. Vol 31 








� Energy consumption is increasing degressively with respect to vehicle size, if “size” is defined by the holding capacity i.e. the maximum number of passengers or full load tons. It then follows that energy consumption per passenger- or tonkilometre goes down with vehicle size.


� Tonne-kilometres is an aggregated passenger-cargo measure of total airline output. Each passenger is assigned 100 Kgs., of which 80 correspond to the person weight and 20 to luggage.


� Strictly speaking, one could find  slightly increasing or decreasing returns to scale, depending on the definition of output used.


� See next section.
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[image: image150.emf]Cost disaggregation by production factors - 2001
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Fig 3.4

		

								Figure 3.4:  The Overall UNITE Workplan

								Year 1																								Year 2																								Year 3

								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33				Deliverables (month):

																																																																												D1 (3):  The Overall UNITE Methodology

																																																																												D2 (6):  Pilot Accounts Approach

																																																																												D3 (6):  Marginal Cost Methodology

																																																																												D4 (14):  Alternative Integration Frameworks

																																																																												D5 (14):  Pilot Accounts - Tranche a)

																																																																												D6 (16):  Supplier Opex - Case Studies

																						Tranche a)												Tranche b)												Tranche c)												Review																		D7 (16):  Transport User - Case Studies

																						2 countries												8 countries												8 countries												theory																		D8 (18):  Pilot Accounts - Tranche b)

																																																																												D9 (21):   Accident -  Case Studies

																																																																												D10 (24):  Infrastructure - Case Studies

																																																																												D11 (24):  Environmental - Case Studies

																		D2																																																										D12 (24):  Pilot Accounts - Tranche c)

																																		D5								D8												D12								D14														D13 (28): Testing Integration Frameworks

																																																																												D14 (28): Future Approaches to Accounts

																																																																												D15 (28): Guidance on Adapting MCs

																																																																												D16 (31): Policy Perspectives on UNITE

																																		D4																												D13

																																																																												Note: for clarity, the diagram does

																										Case												D6										D9						D10				General																		not show WP5-10 interactions.

																										Studies												D7																D11				-isation

												D1						D3																																												D15						D16				FR
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								Main Meetings (see text):																																																								Summer months
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										Figure 3.1:  The Early Stages of UNITE

										Year 1

										1		2		3		4		5		6

														direction								major input

																										Deliverables (month):

																										D1 (3) The Overall UNITE Methodology

																										D2 (6)  Pilot Accounts Approach

																				D2						D3 (6)  Marginal Cost Methodology

														D1						D3

														direction								major input

																										Note: WP2, 5-10 continue after month 6

										1		2		3		4		5		6
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Fig 3.2

		

								Figure 3.2: Development of Transport Accounts

								Year 1												Year 2																								Year 3

								7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28				Deliverables (month):

																																																						D5 (14):  Pilot Accounts

																																																						- Tranche a)

																																																						D8 (18):  Pilot Accounts

										Tranche a)												Tranche b)												Tranche c)												Review								- Tranche b)

										2 countries												8 countries												8 countries												theory								D12 (24):  Pilot Accounts

														start										start												start																		- Tranche c)

																																																						D14 (28): Future Approaches

																																																						to Accounts

																						D5								D8												D12								D14

																		Implementation										+ support																		Input

								7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28
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Fig 3.3

		

										Figure 3.3:  Marginal Cost Case Studies

										Year 1												Year 2																								Year 3										Deliverables (month):

										7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28				Case Studies:

																																																								D6 (16):  Supplier Opex

																																																								D7 (16):  Transport User

																																																								D9 (21):   Accident

										Approach																																						General								D10 (24):  Infrastructure

										to generalisation																																						-isation								D11 (24):  Environmental

																																																				D15

																																																								Generalisation:

										WP6: User Cost & Benefit																		D6																												D15 (28): Guidance on

										WP7: Supplier Opex																		D7																												Adapting MC Estimates

										WP8: Accident Cost																												D9

										WP5: Infrastructure Cost																																		D10

										WP9: Environmental Cost																																		D11

																																																								Note: other roles of

										7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28				WP5-9 not shown
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WPs

		Table 3.1:  Overall Schedule of Workpackages

		WP		Workpackage Title		Start		End		Length		Outputs (month)

						month

		1		The Overall UNITE Methodology		1		3		3		D1 (3)

		2		Integration of Approaches		4		28		25		D4 (14) , D13 (28)

		3		Accounts Approach		4		6		3		D2 (6)

		4		Marginal Cost Methodology		4		6		3		D3 (6)

		5-10		"Specialist Category" WPs:*

		5		Infrastructure Costs & Benefits		4		24		21		D10 (24)

		6		Supplier Operating Cost		4		24		21		D6 (16)

		7		Transport User Costs & Benefits		4		24		21		D7 (16)

		8		Accident Costs		4		24		21		D9 (21)

		9		Environmental Costs		4		26		23		D11 (24)

		10		Taxes, Charges & Subsidies		4		24		21		-

		11		Pilot Accounts		7		24		18		D5 (14) , D8 (18) , D12 (24) ,  D14 (28)

		12		Generalisation of Marginal Costs		7		28		22		D15 (28)

		13		Policy Perspectives on the UNITE Research		29		31		3		D16 (31)

		14		Project Management		1		33		33		FR (33)

		Note: * WP5-10 also output to WP2, 3 and WP11 deliverables.





Deliv

				Table 3.2:  Schedule of Deliverables

				No.		Month		WP		Title		Main Contents		QA

		1		D1		3		1		The Overall UNITE Methodology		outline of overall approach to project; policy issues, technical issues and stakeholder perspectives		NEI

		2		D2		6		3		Pilot Accounts Approach		structure for the pilot accounts; methodology for cost/ benefit/ revenue estimation and allocation		ITS

		3		D3		6		4		Marginal Cost Methodology		core methodologies to be adopted in case studies; outline description of case studies		KUL

		4		D4		14		2		Alternative Integration Frameworks		theoretical perspectives on alternative approaches to combining accounts/ MC information		INFRAS

		5		D5		14		11		Pilot Accounts (2 countries)		pilot accounts - De, Ch		VATT

		6		D6		16		6		Supplier Operating Cost Case Studies		methodology; empirical results		DIW

		7		D7		16		7		Transport User Cost and Benefit Case Studies		methodology; empirical results		NEI

		8		D8		18		11		Pilot Accounts (8 countries)		pilot accounts - Au, Dk, Es, Fr, Ie, Nl, Se, UK		INFRAS

		9		D9		21		8		Accident Cost Case Studies		methodology; empirical results		KUL

		10		D10		24		5		Infrastructure Cost Case Studies		methodology; empirical results		VATT

		11		D11		24		9		Environmental Cost Case Studies		methodology; empirical results		DIW

		12		D12		24		11		Pilot Accounts (8 countries)		pilot accounts - Be, Ee, Fi, Gr, Hu, It, Lu, Pt		NEI

		13		D13		28		2		Results from Testing Alternative Integration Frameworks		modelling approach; empirical results highlighting pro's and con's of alternatives		DIW

		14		D14		28		11		Future Approaches to Accounts		alternative approaches used in pilot accounts; future approaches		ITS

		15		D15		28		12		Guidance on Adapting Marginal Cost Estimates		detailed guidance on transfering MC results between contexts		KUL

		16		D16		31		13		Policy Perspectives on the UNITE Research		re-examination of theoretical approaches to integration, accounts & marginal costs; policy conclusions from the research		DIW

		17		FR		33		14		Final Report for Publication		summary report for the full project		INFRAS

		0		Note: QA = Quality Assurance; all deliverables will be publicly available.
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Milestones

				Table 3.3:  Major Project Milestones

				No.		Month		"Title"		Main Contents

		1		M1		6		"Methodological"		Methodology deliverables - D1, D2 and D3

		2		M2		15		Mid-Term Assessment		D4, D5 (2 country accounts) as well as D1-D3;
"Technology Implementation Plan"

		3		M3		24		"Empirical"		All MC case studies (D6-7, 9-11), 16 country accounts (D8, D12)

		4		M4		28		"Closing Stages"		The "way forward" deliverables, D13-D16

		0		M5		33		Completion		Final Report

		0		Note: at the mid-term assessment meeting, the consortium will be

		0		represented by the Steering Committee.
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Meetings

				Table 3.4:  Main Working Meetings

				Meeting		Month		Venue/ Partner		Main Reason		Core Attendance

		1		A		1		Leeds, ITS/UNIVLEEDS		Project launch		Participants in WP1-10

		2		B		4 (end)		Gran Canaria,
EIET		Major Methodological Working Meeting (WP2-10)		Participants in WP2-10

		3		C		9 (start)		Berlin, DIW		Launch of WP11 Tranche a) Accounts, WP12 launch		Accounts Tranche a);
WP5-10 Leaders;

		4		D		13		Vienna, HERRY		Launch of WP11 Tranche b) Accounts		Accounts Tranche b), including sub-contractors

		5		E		17		Paris, ENPC/CERAS		Major Dissemination Meeting - "Integration of Approaches"		External participants; WP2 Contributors and UNITE Steering Committee Partners

		6		F		19		Helsinki, 
SK-Cons, VATT		Launch of WP11 Tranche c) Accounts		Accounts Tranche c), including sub-contractors

		7		G		25		Amsterdam, NEI		MC Generalisation; Accounts "future approaches"		WP5-10 Workpackage Leaders

		0		H		30		Leuven, CES/KUL		Major Dissemination Meeting - Final Project Results		External participants;
All Partners

		0		Note: refer to Figure 3.4 to see meetings schedule within workprogramme.
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Schedule

		Overall Schedule of WPs

		WP		WP Title / Task		Start		End		Dura
-tion:		Deliverable, month		Deliverables

		1		The Overall UNITE Methodology		1		3		3		3		D1 The Overall UNITE Methodology				More prominence to WP1;
takes some theoretical work from WP2;

		2		Integration of Approaches		4		28		25		14		D4 Alternative Integration Frameworks				Additional task on developing accounts approach (from HL, formerly in WP3);
Also, can WP3,4 have a much better defined LINK/input with WP2 - new task?;

												28		D13 Results from Testing Alternative Integration Frameworks

		3		Accounts Approach		4		6		3		6		D2 Pilot Accounts Approach				(see WP2 note - theoretical development continues in WP2)

		4		Marginal Cost Methodology		4		6		3		6		D3 Marginal Cost Methodology

		5-10		"Specialist Category" WPs:		see below								* new * deliverables

																		Need to re-consider how WP5-10 support the accounts (support is particularly heavy in WP5, 9);

		5		Infrastructure Costs & Benefits		4		24		21		24		D10 Infrastructure Cost Case Studies				Late COMPLETION of D10

		6		Supplier Operating Cost		4		24		21		16		D6 Supplier Operating Cost Case Studies				Early COMPLETION of D6

		7		Transport User Costs & Benefits		4		24		21		16		D7 Transport User Cost and Benefit Case Studies				Early COMPLETION of D7

		8		Accident Costs		4		24		21		21		D9 Accident Cost Case Studies				Intermediate COMPLETION

		9		Environmental Costs		4		26		23		24		D11 Environmental Cost Case Studies				Late COMPLETION of D9

		10		Taxes, Charges & Subsidies		4		24		21				No case studies needed?.

		WP		WP Title / Task		Start
month:		END		Dura
-tion:		Deliverable, month		Deliverables

		11		Pilot Accounts		7		24		18		14		D5 Pilot Accounts (2 countries)				* new * phasing - 2 "test runs" of the accounts;

												18		D8 Pilot Accounts (8 countries)				Tranche b) & c) learn from Tranche a);
Start of Tranche b) overlaps with a);

												24		D12 Pilot Accounts (8 countries)				(countries in last tranche chosen to fit in with partner commitments, particularly for MC case studies)

												28		Note: QA = Quality Assurance; all deliverables will be publicly available.

		12		Generalisation of Marginal Costs		7		28		22		28		D15 Guidance on Adapting Marginal Cost Estimates				(see WP5-10 note: emphasis of generalisation now in this WP)

		13		Policy Perspectives on the UNITE Research		29		31		3		31		D16 Policy Perspectives on the UNITE Research				Takes "Policy Implications from WP2"

		14		Project Management		1		33		33		33		FR Final Report for Publication				Project extended to allow non-coordinator contributions to the FR.

		Detailed Schedule of Tasks (NOT COMPLETE)

		1		The Overall UNITE Methodology		1		3		3

				Task 1.1: Identification of Policy Questions

				Task 1.2: Identification of Technical Questions

				Task 1.3: Discussion with Key Stakeholders

				Task 1.4: Development of Framework for Integration

				Task 1.5: Development of an Outline for Project

		2		Integration of Approaches		4		28		25

				Task 2.1: Development of a Theoretical Framework				6

				Task 2.2: Connecting and Integrating the different parts of the Transport Economics Literature				14

				Task 2.3:  Application of Experience from National Economic Accounting Experiments				14

				Task 2.4: Selection of Alternative Pricing, Investment and Transport Accounts Approaches for Further Testing		15		18

				Task 2.5: Empirical Illustration of the Direct Implications of Alternative Approaches		19		25

				Task 2.6:  Empirical Illustration of the Indirect Implications of Alternative Appoaches		19		28

		3		Accounts Approach		4		6		3

		4		Marginal Cost Methodology		4		6		3

		5		Infrastructure Costs & Benefits		4		24		21

		6		Supplier Operating Cost		4		24		21

		7		Transport User Costs & Benefits		4		24		21

		8		Accident Costs		4		24		21

		9		Environmental Costs		4		26		23

		9.1		Determine Scope		4		4

		9.2		Approach for Accounts		5		6										Must include critical review (see note above);
does Accounts approach require MC methodology?

		9.3		Methodology for MC case studies		5		6										Must include critical review (see note above)

		9.4		Support Accounts Development		7		24

		9.5		Conduct MC Case Studies		7		24

		9.6		Development of Ideal Accounts Approach		24		26										This is the "ideal" approach - not to be applied in the general accounts;
Timing?

		10		Taxes, Charges & Subsidies		4		24		21

		11		Pilot Accounts		7		24		18

		12		Generalisation of Marginal Costs		7		28		22

		13		Policy Perspectives on the UNITE Research		29		31		3

		14		Project Management		1		33		33












